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001

NEW AVENUES IN PROTEIN DRUGS FOR DIABETES

ATTD19-0509

TARGETING MORE THAN ONE RECEPTOR

C. Bailey1

1Aston University, Life and Health Sciences, Birmingham,
United Kingdom

New avenues in protein drugs for diabetes: targeting more
than one receptor

The management of diabetes involves attention to multiple
pathogenic factors that affect the control of glycaemia, weight,
cardio-renal risk and associated morbidities. Advances in protein
therapeutics to simultaneously target more than one cell surface
receptor using mixtures of peptides, hybrid peptides or chimeric
peptides in a single administration offer new opportunities to
address a diversity of medication needs. Examples of stable
mixtures of peptides with different physicochemical properties
are the fixed-ratio combinations of insulin with a glucagon-like
peptide-1 receptor agonist (GLP-1RA), which improve glucose-
lowering efficacy while reducing insulin dose, avoiding weight
gain and lowering risk of hypoglycaemia compared with insulin
alone. Other mixtures and hybrids of two or more complemen-
tary peptides are receiving investigation as potential therapies for
the treatment of type 2 diabetes, mostly based on analogues of
gastro-intestinal and adipose-derived hormones. Chimeric mol-
ecules with agonistic effects at two or more receptors are also
advancing in clinical studies. These include dual agonists at
GLP-1 and gastric inhibitory polypeptide (GIP) receptors, dual
agonists at GLP-1 and glucagon receptors, and triple agonists at
GLP-1, GIP and glucagon receptors. Combinations of antibodies
with peptide hormones are also offering promising effects. The
design of future peptide therapeutics provides opportunities to
diversify and individualise treatment programmes with particu-
lar attention to the balance of effects at different receptors and the
immunological implications of these agents.

002

NEW AVENUES IN PROTEIN DRUGS FOR DIABETES

ATTD19-0492

SMART INSULINS

T. Heise1

1Profil, Neuss, Germany

Smart or glucose-responsive insulins have become a dream of
diabetologists and patients with diabetes ever since the first intro-

duction of a potential concept for such an insulin in 1979. Indeed, a
simple insulin delivery system directly governed by prevailing
blood glucose levels would be a major breakthrough in diabetes
therapy as acute complications of insulin therapy, in particular hy-
poglycaemia, could be prevented transforming and would therefore
make insulin a both safe and efficacious treatment option.

Several challenges have to be overcome for a successful de-
velopment of a smart insulin, many of which are related to safety
issues. For instances, large amounts of insulins have to be stored in
the body and have to be quickly released at hyperglycaemia, but
have to be cleared equally fast from the blood compartment when
blood glucose levels decline. Glucose sensing has to be done with
sufficient accuracy and precision. Biocompatibility and potential
toxicity issues have to be solved if foreign material and chemical
reactions are involved in the binding and release of insulin or in
glucose sensing. Finally, application of a smart insulin should be
simple and preferably done by patients themselves.

In view of all these challenges, it may not be surprising that
even 40 years after the first concept paper on smart insulins no
development has come close to market yet. Nevertheless, new
and promising designs of smart insulins have been introduced
and tested in in-vitro and animal studies, and most recently in a
clinical study in healthy people and patients with type 1 diabetes.
The presentation will give an overview on various smart insulin
development and will discuss potentials and challenges.

003

NEW AVENUES IN PROTEIN DRUGS FOR DIABETES

ATTD19-0490

STABLE GLUCAGON

J. Castle1

1Oregon Health & Science University, Department of Medicine-
Division of Endocrinology, Portland, USA

Automated insulin delivery is the current state of the art for the
treatment of type 1 diabetes. These systems are designed to re-
duce patient burden, A1C, and hypoglycemia. In normal physi-
ology, the human pancreas secretes not only insulin to maintain
normal glucose homeostasis, but also glucagon, which raises
glucose predominately by breaking down hepatic glycogen.
Multiple research groups have developed and tested automated
glucagon delivery in conjunction with automated insulin deliv-
ery to further reduce the risk of hypoglycemia. This dual-
hormone approach more closely mimics normal physiology and
may be more successful in maintaining normal glucose homeo-
stasis. The glucagon formulations that are currently commer-
cially available are not stable in liquid form and are only

DIABETES TECHNOLOGY & THERAPEUTICS
Volume 21, Supplement 1, 2019
ª Mary Ann Liebert, Inc.
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approved for the treatment of severe hypoglycemia. A stable
form of glucagon is necessary to enable the commercialization of
automated glucagon delivery. In this talk, I will discuss the stable
glucagon formulations currently in development and their po-
tential role as a treatment to prevent and treat hypoglycemia.

004

TIME IN RANGES (TIRS)

ATTD19-0515

TIME IN RANGE AS AN OUTCOME IN CLINICAL
TRIALS

R. Beck1

1Jaeb Center for Health Research,, Tampa- Florida, USA

Although HbA1c has been recognized for many years as a
gold standard for assessing glycemic control in clinical trials, it
has certain limitations; and for some studies (e.g., short duration
studies or crossover trials), it may not be a feasible outcome. As
continuous glucose monitoring (CGM) has gained wider use and
acceptance, CGM metrics should be considered as appropriate
outcome measures for clinical trials.

Time in range (TIR) is a common CGM metric for assessing
overall control. Generally TIR refers to the percentage of glucose
values between 70 and 180 mg/dL (3.9 to 10 mmol/L). TIR is
largely a measure of hyperglycemia since time above 180 mg/dL
(10 mmol/L) generally is 5–10 fold greater than time below
70 mg/dL (3.9 mmol/L). Surveys of individuals with type 1 di-
abetes have shown that TIR is easily understood and preferred
over other metrics of hyperglycemia or overall glucose control.

One drawback of TIR as an outcome measure for regulatory
purposes has been that it had not been associated with clinically
relevant outcomes. However, recently two studies, one utilizing
the longitudinal dataset from the Diabetes Control and Compli-
cations Trial (DCCT) of individuals with type 1 diabetes and the
other a cross-sectional study of individuals with type 2 diabetes,
have shown strong associations of TIR with diabetic microvas-
cular complications. With these compelling data, the time has
arrived for TIR to be accepted as an outcome metric in clinical
trials.

005

TIME IN RANGES (TIRS)

ATTD19-0512

TIME IN RANGE(S) VS. HBA1C: ARE OUR PATIENTS
READY TO CHANGE?

I. Hirsch1

1University of Washington School of Medicine, Medicine,
Seattle, USA

HbA1c has been the most fundamental biomarker of both
diabetes research and care for the past 35 years, and its discovery
dates back to 50 years ago. From the 1980s until now every
physician, no matter their specialty, has been taught about the use
of A1C, and most patients with diabetes use this as their ‘‘report
card’’ for how well their diabetes is controlled. While limitations
of A1C have been understood since the beginning of it’s use, it
has been the ‘‘CGM era’’ where we have really learned more of
the subtleties of the test’s pitfalls.

CGM on the other hand is a relatively new tool, and it is only
recently that we have had consensus on the best metrics for
evaluating glycemia. In 2017 an international consensus paper
was published noting the time-in-range (TIR) ‘‘buckets’’ as an
alternative way to evaluate diabetes control but using CGM.

Since it has been only two years since the international con-
sensus conference, and less than that since it’s publication, is it
premature for us to consider our patients are ready to change?

In December, 2018 a 3-question survey was sent to about 100
health-care providers with 3 questions regarding moving to
TIR from A1C: 1. Are our patients ready to change? 2. Are
endocrinologists ready to change? 3. Are non-endocrinologists
ready to change? Although these are all ‘‘yes/no’’ answers,
many respondents provided detailed reasoning for their answers
and the results of the survey and selected comments will be
presented.

It took decades for A1C to become the core metric that it is,
even now used for the diagnosis of diabetes. While the data
suggests use of TIR at the least may be a good alternative and
possibly a better way to assess overall diabetes control and risks
for complications, it appears for those patients who use CGM the
use of TIRs are sensical and easily adaptable. For the majority of
providers and payers this transition may not be as easy.

006

NUTRITION AND FOOD TECHNOLOGY

ATTD19-0505

COMPLEMENTARY SENSORS TECHNOLOGIES
FOR FOOD CONSUMPTION MONITORING

M. Gillon-Keren1

1Schneider Children’s Medical Center of Israel, Jesse Z. and
Sara Lea Shafer Institute for Endocrinology and Diabetes-
National Center for Childhood Diabetes, Petah Tikva, Israel

Diet composition, eating behaviors and accurate prandial in-
sulin dosing are of crucial importance for proper diabetes man-
agement. Prandial insulin dosages depend mainly on the amount
of carbohydrates consumed. However, some patients require
insulin adjustments according to protein, fat and dietary fibers
content of the meal. Most often, patients underestimate their food
and carbohydrates intake and give lower doses of insulin than
required. Various solutions, including smartphone apps for food
record, do not provide a better estimation as they usually rely on
the user subjective evaluation of the meal content.

Wearable devices in healthcare is a fast-growing field with
many aspects related to diabetes. Wearable sensors for automatic
food monitoring are currently under development. These include
smart bracelets or watches that capture hand to mouth gestures,
able to identify the beginning and the duration of a meal; swal-
lowing and chewing sensors based on sound or jaw motion;
tooth-mounted sensors that can detect specific nutrients eaten
and Image processing devices, using camera-based glasses or
smartphones, that can photo the meal and connect to an app that
analyzes the portion size and composition.

Currently, these sensor-based dietary assessment technologies
are not accurate enough to be used, but in the near future they are
likely to be of great benefit for diabetes control. Integration of
such devices with closed loop systems may free the patient from
manual inputs before the meals, allow better adjustment of in-
sulin doses for meals and improve diabetes control as well as the
life quality of the patients.
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007

JDRF PARALLEL SESSION - TOWARD
NEXT-GENERATION PHYSIOLOGIC AUTOMATED
INSULIN DELIVERY (AID) SYSTEMS:
A PROMISING FRONTIER

ATTD19-0508

CURRENT STATUS OF PHYSIOLOGIC INSULIN
DELIVERY: CLINICAL BENEFITS AND CHALLENGES

E. Renard1

1Montpellier University Hospital, Department of
Endocrinology- Diabetes- Nutrition, Montpellier, France

Intra-peritoneal (IP) insulin infusion can be considered as the
mode of insulin delivery which is the closest to physiology. In-
deed, most of infused insulin goes to the liver through the portal
venous system which results into a positive portal-systemic gra-
dient. The liver captures about 70% of delivered insulin while the
rest circulates toward the general circulation in which insulin
levels are close to physiological levels. As a consequence, hepatic
glucose production is better modulated and the occurrence of
hypoglycemia is reduced compared to subcutaneous (SC) insulin
infusion. Hence higher rates of insulin infusion are possible at
meal times with lower risk of induced hypoglycemia. Besides, it
is likely that lower basal plasma insulin levels explain the resto-
ration of glucagon secretion at exercise and in case of hypogly-
cemia whereas it is usually blunt during long-term SC insulin
therapy. The clinical benefits of IP insulin from implanted pumps
or through IP catheters include a combination of close-to-normal
HbA1c levels and less than 10 severe hypoglycemia per 100
patient-years as well as reduced blood glucose variability thanks
to highly reproducible insulin pharmaco-kinetics and -dynamics.
When used in closed-loop insulin delivery systems, tightly con-
trolled blood glucose can be reached including at meal times with
no meal announcement. The challenges are mainly related to the
still fewly available systems for IP insulin infusion (MiniMed
model 2007 pumps and DiaPort devices) worldwide. It contrasts
with the dramatic reduction of adverse events related to IP infu-
sion during the last decade: less IP catheter obstructions and re-
duced complications at implantation site (implanted pumps).
Improved physical stability of highly concentrated insulin in
implanted devices is expected to allow less frequent pump refills.
Current development of IP glucose sensors and smaller insulin
pumps for IP insulin infusion could participate in the availability
of fully implanted artificial beta cells in a near future.

008

COGNITION IN DIABETES

ATTD19-0520

IMPACT OF HYPERGLYCEMIA ON COGNITIVE
FUNCTION

J. Šuput Omladi�c1, N. Bratina1, T. Battelino1,
M. Avbelj Stefanija1, A. Vovk2, A. Slana Ozimi�c3, G. Repov�z3

1University Children’s Hospital Ljubljana, Endocrinology-
Diabetes and Metabolic Diseases, Ljubljana, Slovenia
2Faculty of Medicine Ljubljana, Institute of Patophysyology,
Ljubljana, Slovenia
3University of Ljubljana, Department of Psychology,
Ljubljana, Slovenia

Background: Mild cognitive alterations have been reported
in T1D children as compared to healthy, age –matched controls.
The cause of these cognitive differences is unclear.

Objective: The effect of acute hyperglycemia on VSWM was
investigated by fMRI in comparison to age- matched control
group by MRI.

Methods: Twenty T1D participants (age 14.64 – 1.785 y) and
20 age-matched healthy controls (age 14.4 – 2.817 y) partici-
pated in the study. All participants performed one structural MRI
and two fMRI sessions. Fasting blood samples (IL-6, fibrinogen)
were obtained in T1D participants prior to and after completion
of fMRI. T1D participants performed the first fMRI in eu-
glycemic and the second in hyperglycemic clamp, whereas the
BG of healthy control group was not manipulated.

Results: During hyperglycemic clamp increase of IL-6 (mean
fasting 3.1 ng/L, SD 2.49; mean after clamp 13.5 ng/L; SD 13.49)
but not of fibrinogen (mean fasting 3.1g/L; SD 0.50; mean after
clamp 3.12 g/L; SD 0.43) was noted in T1D participants.

Behavioral data showed a significant decrease (p 0.0048) in
VSWM capacity of T1D participants during hyperglycemia. The
fMRI analysis showed decreased activation in parietal cortex
during encoding phase of the task and increased activation of the
same regions during retrieval phase when 2 target positions were
presented in both hyperglycemia and euglycemia with more
pronounced decrease during hyperglycemia.

Conclusion: The level of IL-6 increased after acute hyper-
glycemia. The acute hyperglycemia lowers VSWM capacity in
T1D children. The proposed mechanism is poorer activation of
brain during encoding phase of the task.

009

COGNITION IN DIABETES

ATTD19-0503

BRAIN AND COGNITIVE CONSEQUENCES OF TYPE 1
DIABETES (T1D) – THE DIRECNET PROJECT

S. Weinzimer1

1Yale University, Pediatrics, New Haven, USA

The Diabetes Research in Children Network has been con-
ducting a multiple time point longitudinal study focused on brain
and cognitive consequences of type 1 diabetes (T1D) in a large
group of children diagnosed with diabetes at a young age
(n = 144) and age-matched controls (N = 70). We have previously
detected significant differences in total and regional brain gray
matter (GM) and white matter (WM) volumes, and altered WM
microstructure at baseline in our cohort of children with T1D.
Further, children with T1D showed a significantly slower rate of
GM and WM growth 18 months after baseline. Both cross-
sectional and longitudinal differences in key brain imaging
metrics were associated with measures of hyperglycemia. Using
standardized batteries of neurocognitive testing, we found that
specific measures of executive function were inversely corre-
lated with HbA1c area under the curve. In a subset of this cohort
(57 T1D, 14 control) who underwent resting-state functional
MRI, we demonstrated increased functional connectivity in
children with diabetes, which was positively associated with
measures of cognitive functioning, suggesting a compensatory
mechanism for hyper-intrinsic connectivity in the brain. We are
now completing a two-year extension of this study, following
these children as they grow and develop through puberty. That the
adverse effects of chronic hyperglycemia can be demonstrated in
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the developing brain so early in the course of diabetes highlights
the need for optimizing glycemic control specifically in our
younger patients.

010

NOVEL BIOMARKERS FOR DIABETES

ATTD19-0519

GLYCATED ALBUMIN: FROM BIOCHEMISTRY
TO CLINICAL APPLICATIONS

M. Ciaccio1, C. Bellia1

1University of Palermo, Section of Clinical Biochemistry and
Clinical Molecular Medicine- Department of Biomedicine-
Neurosciences- and Advanced Diagnostics, Palermo, Italy

Background: Glycated Albumin (GA) has been suggested as
an additional or alternative biomarker to circumvent some of the
limitations of HbA1c. The much shorter half-life of albumin
compared to haemoglobin makes it more responsive to changes
in glycemic status. Moreover, GA shows a stronger correlation
with continuous glucose measurement over 1 to 2 days than
HbA1c, so it may reflect glycemic variability and glucose ex-
cursions more accurately. Although GA represents a promising
biomarker for the evaluation of glycemic status in both experi-
mental and clinical settings, its introduction in clinical practice
requires further validation in relation to basic interpretative cri-
teria and diagnostic accuracy.

Objectives: i) to define upper reference limit (URL) of GA
with a direct approach; and ii) to evaluate diagnostic accuracy of
GA in predicting diabetes in asymptomatic subjects at risk of
suffering from diabetes. Risk factors were impaired glucose
tolerance; BMI >25 kg/m2; previous HbA1c 39–47 mmol/mol or
impaired glucose tolerance; family history of diabetes; previous
gestational diabetes; history of CVD; hypertension; atherogenic
dyslipidemia.

Methods: One thousand thirty-four consecutive blood donors
were recruited for reference range definition. Three hundred
thirty-four asymptomatic subjects at risk for diabetes were re-
cruited for GA diagnostic accuracy evaluation. GA was mea-
sured on plasma-EDTA by quantILab� Glycated Albumin
(Instrumentation Laboratory, A Werfen Company).

Results: The calculated GA URL in blood donors was 14.5%
(95% CI: 14.3–14.7). GA showed a modest correlation with age
(r = 0.2; P < 0.001) and higher values in women than in men
(12.2% vs 12%, P = 0.01). Among subjects at risk for diabetes,
GA median levels were 13.2% (IQR:12.2–14.4). Eighteen sub-
jects (5.4%) were classified as diabetics based on their HbA1c.
GA was significantly correlated with HbA1c (r = 0.31;
P < 0.0001). According to ROC curve analysis, GA identified
subjects with diabetes with a sensitivity of 72.2% (95% CI: 46.5–
90.3) and a specificity of 71.8% (95% CI: 66.5–76.7) (AUC:
0.80; 95% CI:0.75–0.84; P < 0.0001) at the cut-off of 14%.

Conclusion: The knowledge of GA distribution in healthy
subjects is essential to promote its introduction in both research
and clinical practice. GA can predict diabetes in asymptomatic
subjects with high accuracy.

References

Bellia C, Zaninotto M, Cosma C, et al. Definition of the upper
reference limit of glycated albumin in blood donors from Italy.
Clin Chem Lab Med. 2017 Nov 27;56(1):120–125.

Bellia C, Zaninotto M, Cosma C, et al. Clinical usefulness of
Glycated Albumin in the diagnosis of diabetes: Results from an
Italian study. Clin Biochem. 2018 Apr;54:68–72.
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NOVEL BIOMARKERS FOR DIABETES

ATTD19-0514

NOVEL BIOMARKERS IDENTIFIED BY
INTERNATIONAL PREVENTION-STUDIES

D. Schatz1

1University of Florida, Pediatrics, Gainesville, USA

With the successful conduct of well-designed studies of birth
cohorts and at-risk individuals, our understanding of the natural
history of pre- and early type 1 diabetes (T1D) has advanced
considerably over the past decade. Genetic risk scores can predict
with increasing precision and accuracy who is at risk for T1D,
and early staging (stages 1–3) based upon islet autoantibody
status allows for improved mechanistic and natural history
studies as well as improved clinical trial design for prevention
studies. However, better biomarkers are needed to improve
mechanistic understanding of the disease, for enhanced under-
standing of progressors and non-progressors among those at-risk
for T1D, and, for the design of smaller and more focused pre-
ventive efforts using earlier endpoints. With their unique popu-
lations, studies conducted within the TrialNet, TEDDY (The
Environmental Determinants of Type 1 Diabetes in the Young)
and nPOD (Network for Pancreatic Organ Donors with Diabetes)
umbrellas have identified potential novel gene, immunologic,
pancreatic exocrine and metabolic biomarkers. High throughput
technologies for genetic, transcriptomic, and proteomic studies
and big data analyses has already and will better enable genome-
wide examinations of genetic polymorphisms, global gene
changes, and protein expression changes in order to better predict
T1D risk, understand mechanism and evaluate therapeutic out-
comes. Recent and exciting findings from these networks will be
presented.

012

CLOSED-LOOP SYSTEMS – WHERE ARE WE NOW?

ATTD19-0499

VALUES VS. AFFORDABILITY OF DIABETES
TECHNOLOGY

J. Pickup1

1King’s College London, Division of Diabetes and Nutritional
Sciences, London, United Kingdom

Affordability is one the main factors that determines the wide
variations in access to diabetes technologies and other diabetes
treatments between and within countries. As technology be-
comes more sophisticated in the future (e.g. with the introduction
of closed-loop insulin delivery systems), affordability will be
increasingly a major consideration and constraint in technology
usage. Health economics in recent years has largely focussed on
value for money i.e. the cost effectiveness of technologies such
as insulin pump therapy or sensor-augmented pump therapy vs. a
comparator treatment like as multiple daily insulin injections.
But technologies can be cost-effective but not affordable in a
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locality because of, for example, a large number of patients in an
area with poorly-controlled diabetes or because of competing
costs from patients with other conditions. A new budget impact
model measures affordability as the monetary impact of adopting
a specific diabetes therapy or improving diabetes control by a
specific amount over the short-to-medium term, with flexible
input of such local variables as population size, glycemic control
and expected change in glycemic control, and with allowance for
savings achieved from reduced diabetes complications.

013

NEW MODELS OF IMPLEMENTING CGM

ATTD19-0516

CGM USE FOR TYPE 1 DIABETES – DIRECT
TO CONSUMER

R. Beck1

1Jaeb Center for Health Research, Tampa- Florida, USA

Despite the compelling evidence of the benefits of CGM, only
a minority of individuals with type one diabetes in the U.S. use
CGM and very few with type 2 diabetes do. In the most recent
T1D Exchange registry data, only about 30% of individuals with
T1D were using CGM at endocrinology centers with a strong T1D
focus. The percentage is almost certainly lower in community
endocrinology practices and substantially lower in primary care
practices in the U.S.

New approaches are needed to expand the use of CGM, par-
ticularly for individuals with T1D who are not being followed by
an endocrinologist, since its use will benefit most users and im-
prove glycemic control and reduce severe hypoglycemia.

A study is starting in the U.S. in which adults with T1D not
using CGM whose diabetes is being managed in a primary care
setting will be recruited for a study to evaluate the initiation of
CGM at home, with remote training being performed by certified
diabetes educators.

014

ADJUNCTIVE THERAPIES FOR T1D

ATTD19-0524

EMERGING ROLE OF ADJUNCTIVE THERAPIES
FOR T1D

S. Garg1

1Professor of Medicine and Pediatrics, Barbara Davis Center
for Diabetes at the University of Colorado Denver,
Aurora, USA

There are approximately 150-200 million people, worldwide,
needing insulin therapy for managing their diabetes. About 90%
of them are patients with type 2 diabetes (T2D). Only about 0.5–
1% are using some sort of insulin pump therapy despite the
approval of the first artificial pancreas by the FDA in September
of 2016. The first hybrid closed-loop system has been available in
the US for the past year, which has significantly reduced noc-
turnal hypoglycemia with improvement in glucose values as
reflected in both A1c and time-in-range (TIR). The continuous
glucose monitors have come a long way and now the majority of
them have an accuracy (MARD <10%) closer to blood glucose

meters (BGM). The newer iCGM systems do not require cali-
brations and are approved by the FDA as standalone systems and
if future systems qualify for iCGM, the approval process may
avoid PMA submission. We still need a consensus for uniform
reporting of CGM downloads so that a common provider can
interpret CGM information appropriately just like we do for
EKG.

Since the majority of people with Type 1 diabetes do not
achieve target A1cs (<7 or 6.5%) and more than 2/3 of the pa-
tients with Type 1 diabetes are getting overweight or obese, it is
important to find adjunctive therapies for patients with Type 1
diabetes, which might help achieving target A1cs without any
increase in weight. There were several studies that were reported
in the last year with SGLT 1 and 2 inhibitors used adjunctively
with insulin in patients with Type 1 diabetes. DEPICT (da-
pagliflozin reported in Lancet 2017) in Type 1 diabetes clearly
showed improvement in A1c, TIR, and weight loss with a small
increase in ketoacidosis. The second trial using a dual SGLT 1
and 2 inhibitor (inTandem 3-Sotagliflozin in Type 1 diabetes
reported in NEJM 2017) showed significant reduction in A1c,
hypgoclyemia, especially severe (less than 55mg/d) and weight
loss. There was a small increase in diabetic ketoacidosis (DKA),
which is known with all SGLT 2 inhibitors. Lastly, EASE 2 and 3
trials were reported in Diabetes Care, 2018 of using Empagli-
flozin in T1D and showed similar benefits and risks like Dapa and
Sota except authors recommended a smaller dose of 2.5 mg a day
to be considered for T1D (due to no increase in DKA risk, but
efficacy on A1c was about 50%) based on a small sample size in
EASE 3. If these drugs are approved for patients with Type 1
diabetes, this may be the new class of adjunctive therapies for
patients with Type 1 diabetes that may allow subjects to achieve
target A1cs without increasing hypoglycemia and/or weight. The
risk for DKA will need to be mitigated and proper education for
patients and providers may need to be provided. I’m excited
about the future for people with diabetes.

015

ADJUNCTIVE THERAPIES FOR T1D

ATTD19-0513

THE CONCEPT OF SGLT IN DIABETES

C. Mathieu1

1UZ Gasthuisberg KULeuven, Endocrinology, Leuven, Belgium

Central in the therapy of people with type 1 diabetes is the
replacement of all functions of the destroyed beta-cell in order
to achieve a physiological metabolic profile. Simply put, the
functions of the beta-cell cover continuous sensing of glycaemia
followed by the release into the portal system of appropriate
amounts of insulin, aimed at suppressing endogenous glucose
production, lipolysis and protein catabolism. In recent years,
better tools have become available to allow people with type 1
diabetes to take over these complicated tasks of the beta-cell.
Tools include capillary blood glucose monitoring, now even
continuous glucose monitoring systems and supportive educa-
tional tools and techniques accompanied by decision making
tools.

Insulin analogues have been developed to mimic more closely
the insulin excursions induced by a functioning beta-cell at
mealtimes or during steady-state. These analogues have greatly
improved quality of life in people with type 1 diabetes, mainly
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reducing hypoglycemic risk and allowing a more flexible life-
style.

Several issues still exist with present day insulin therapy, with
insufficient matching of insulin profiles to insulin needs resulting
in many people with type 1 diabetes not reaching HbA1c targets
and suffering from recurrent hypoglycemia. This risk of hypo-
glycemia, in particular nocturnal hypoglycemia, impacts on
quality of life and contributes to weight gain via defensive
snacking. Another, perhaps even more important problem is the
fact that exogenous insulin is administered in the periphery,
whereas the beta-cell secretes it in the portal system. As the liver
is the primary target for insulin effect, higher peripheral insulin
levels are induced by exogenous insulin for similar hepatic ef-
fects as when the beta-cell secretes insulin, leading to peripheral
over-exposure of tissues like adipose tissue and muscle to ana-
bolic insulin, leading to undesired weight gain in many patients.

Intuitively, clinicians have been experimenting with non-
insulin adjunctive therapies in type 1 diabetes, typically by in-
troducing agents used in people with type 2 diabetes. As such,
metformin has been used, with however, few and rather dis-
couraging data on long term effects. Recently, novel agents, like
GLP-1 receptor agonists and SGLT2/SGLT1-2 inhibitors have
been or are being tested as adjunct therapies, with interesting
results.

016

PSYCHOLOGICAL INTERVENTION TO INCREASE
THE USE OF TECHNOLOGY BY T1D PATIENTS

ATTD19-0504

ADHERENCE TO INSULIN PUMP BEHAVIORS IN
YOUNG CHILDREN WITH TYPE 1 DIABETES
MELLITUS: OPPORTUNITIES FOR INTERVENTION

S. Patton1

1University of Kansas Medical Center, Pediatrics, Kansas
City, USA

Background: Research shows that use of insulin pumps and
accompanying bolus calculator software can improve glycemic
outcomes in persons with type 1 diabetes mellitus (T1D).
However, for optimal insulin pump management, it is essential to
input into the pump a current blood glucose level (SMBG) and a
carbohydrate estimate if also consuming a meal/snack. Previous
research shows inconsistencies in the percent of days where
adolescents inputted these values into their pump and adminis-
tered insulin. Here, we describe similar pump adherence be-
haviors in a large sample of families of young children with T1D.

Methods: We collected pump data covering between 14–30
consecutive days from 116 children and examined adherence to
each essential pump adherence behavior (e.g., SMBG, carbo-
hydrate entry, and insulin use) as well as adherence to the
combination of these three behaviors.

Results: Young children had a mean age of 5.2 – 1.4 years.
Families completed SMBG ‡4 times on 99% of days, bolused
insulin ‡3 times on 95% of days, and entered carbohydrates ‡3
times on 93% of days. In contrast, families corrected for hy-
perglycemia (‡13.9 mmol/l) only 63% of the time and completed
these three pump adherence behaviors in combination for only
43% of boluses. The percent of days with ‡4 SMBG, ‡3 carbo-
hydrate entries, and percent of boluses where families completed
the three pump adherence behaviors in combination correlated
negatively with children’s mean daily glucose.

Conclusions: Families of young children with T1D had var-
iable rates of pump adherence behaviors and lower adherence
to recommendations to correct for hyperglycemia. Therefore,
families of young children with T1D may benefit from inter-
ventions that target pump adherence behaviors or include these
treatment targets within a multicomponent intervention to help
them to achieve optimal child glycemic control.

017

PSYCHOLOGICAL INTERVENTION TO INCREASE
THE USE OF TECHNOLOGY BY T1D PATIENTS

ATTD19-0497

PSYCHOSOCIAL ASPECTS AND DIABETES
TECHNOLOGY- HEAD TO HEAD OR HAND IN HAND?

K. Barnard1

1Bournemouth University, Faculty of Health & Social Science,
Bournemouth, United Kingdom

The ultimate goal of assessing the psychosocial aspects of dia-
betes technology is to optimise outcomes – both biomedical and
quality of life – for people living with diabetes and for those who
love them. In order to achieve this, it is necessary to explore the
relationship between technology and the psychosocial aspects of
that technology in the context of user experience, clinical guide-
lines and the inclusion of patient-reported outcome measures
(PROMs) alongside medical outcomes in research trials. Without
assessing the psychosocial aspects of a person’s everyday experi-
ence with diabetes technologies, there will remain a gulf between
the intended use of the device and the actual uptake and continued
use of such devices. New technologies must be developed with the
end user experience in mind, not simply in terms of human factors
(how an individual engages with the device itself) but also in terms
of how each user and their families are able to incorporate the
technology into their everyday lives to minimise diabetes-related
burden, improve outcomes and optimise quality of life. At the same
time, it is necessary to consider the balance between outcomes
versus cost and both sides of that equation very much depend upon
the stakeholder. My talk will address a crucial question i.e. how do
we best support individuals with T1D to use technologies to their
best advantage, whilst minimising the burden on everyday living
and maintaining cost-effectiveness?

018

PSYCHOLOGICAL INTERVENTION TO INCREASE
THE USE OF TECHNOLOGY BY T1D PATIENTS

ATTD19-0506

PREVENTING POOR PSYCHOSOCIAL AND
GLYCEMIC OUTCOMES IN TEENS WITH TYPE 1
DIABETES

K. Hood1

1Stanford University, Pediatrics, Palo Alto, USA

Diabetes devices and closed loop systems demonstrate in-
creased time in range, reduced hypoglycemia, and psychosocial
benefits. However, the uptake of certain devices (CGM for ex-
ample) are low and there have been issues with sustained use in
first generation closed loop systems. The purpose of this pre-
sentation is to review evidence to date on barriers to uptake and
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sustained use, as well as critical factors that may promote optimal
use of devices and closed loop.

019

PATIENT DECISION SUPPORT: CONCEPT
AND TOOLS

ATTD19-0494

DECISION SUPPORT SYSTEM FOR PATIENTS WITH
DIABETES: CONCEPT, GOALS AND FEASIBILITY

B. Kovatchev1

1University of Virginia, Center for Diabetes Technology,
Charlottesville- Virginia, USA

Our thesis is that the temporal density of the available data
determines the treatment that can be implemented. For example,
episodic blood glucose (BG) readings can yield information about
the risk associated with hypo- and hyperglycemic excursions
based on the dispersion of the data. Continuous glucose moni-
toring (CGM) yields dense data sets with data points that are
regularly spaced in time (e.g. every 5 minutes) known as time
series. This adds complexity to the analysis, but also presents
opportunities to control the dynamics of BG fluctuations in real
time. Both Advisory and Closed-Loop Control technologies are
based on the common idea that BG variability is a process in time
that has two principal components: risk, associated with the
amplitude of BG fluctuations, and time indicating the rate of event
progression. An Advisory or a Control algorithm then adapts the
amount and timing of insulin delivery to mitigate the magnitude
of postprandial glucose excursions and prevent hypoglycemia.

In this presentation we review the basics of automated dia-
betes decision support, the methods and components used by
decision support algorithms, as well as results from studies
testing the feasibility and utility of decision support for patients
with diabetes. We conclude that the feasibility of Advisory
Systems for diabetes has been demonstrated by recent clinical
trials, including pilot studies and larger-scale multi-center in-
vestigations using CGM and insulin delivery via insulin pumps
or multiple daily injections.

020

PATIENT DECISION SUPPORT: CONCEPT
AND TOOLS

ATTD19-0501

A BETTER CARE FOR DIABETES

P. Herrero1, M. Reddy2, P. Georgiou1, N. Oliver2

1Imperial College London, Electrical and Electronic
Engineering, London, United Kingdom
2Imperial College Healthcare NHS Trust, Medicine, London,
United Kingdom

Current decision support systems for insulin dosing in type 1
diabetes fall short to meet the recommended therapeutic targets. In
my presentation, I will give a brief overview of the state of the art in
decision support for insulin therapy aiming to tackle with the
problem of intra-day and inter-day variability. In particular, I will
focus on the science, engineering and clinical work currently being
done at Imperial College London on bolus-basal insulin decision
support using Run-to-Run control and Case-based Reasoning.

021

PATIENT-REPORTED OUTCOME MEASURES
(PROMS) AND OUTCOME DRIVEN MEDICINE

ATTD19-0496

EVALUATION OF PATIENT-REPORTED OUTCOME
MEASURES (PROMS)

K. Barnard1

1Bournemouth University, Faculty of Health & Social Science,
Bournemouth, United Kingdom

Patient-reported outcome measures (PROM) are a crucial part of
outcomes driven medicine; representing the patient perspective in
terms of quality of life, psychosocial functioning and successful
uptake and continued use of diabetes devices and therapies. Process
evaluation of PROMs and their interpretation in outcomes-driven
medicine however is less well-understood. Increasingly Payers are
demanding PROMs as part of their considerations for reimburse-
ment and regulatory approvals bodies are increasingly examin-
ing PROMs as part of their approvals processes. It is important,
therefore, that we are able to respond robustly and effectively to
ensure people with diabetes continue to receive access to the care
they require for optimal biomedical and psychological outcomes.
The ability to understand and interpret what represents a mean-
ingful difference in PROM across the different measures used is
crucial. Outcomes of well-being, psychosocial functioning, quality
of life, technology acceptance and functional health status for ex-
ample and how they link to psychological constructs and behaviour
change theory must be transparent. My talk will focus on the How,
What, Why, When and For Whom in PRO assessment and asso-
ciated contribution to decision-making processes.

022

PATIENT-REPORTED OUTCOME MEASURES
(PROMS) AND OUTCOME DRIVEN MEDICINE

ATTD19-0511

PROMS, APPS AND EXERCISE IN DIABETES

M. Riddell1

1York University & LMC Diabetes & Endocrinology, Muscle
Health Research Centre- Kinesiology & Health Science,
Toronto, Canada

High quality wearable technologies, applications (apps) and
connected smart phone technologies that focus on exercise
tracking and management in diabetes are in critical need. To
date, several high-quality apps have been developed by the fit-
ness industry that work seamlessly with wearables (i.e. foot pods,
smart watches, power meters, chest band heart rate monitors,
etc.) and app-based data trackers for monitoring daily step count,
heart rate, exercise performance, exercise recovery, sleep quality
and energy expenditures. A few emerging apps and technologies
are focusing on physically active customers with diabetes that
attempt to integrate diabetes-specific metrics such as continuous
glucose monitoring, self-monitoring of blood glucose, food in-
take and insulin dosing. Some even provide evidence-informed
recommendations on insulin dose titration and carbohydrate
snacking to help improve glucose control during planned exer-
cise. This presentation highlights emerging technologies that
help patients living with diabetes engage more safely and more
effectively with physical activity.
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PATIENT-REPORTED OUTCOME MEASURES
(PROMS) AND OUTCOME DRIVEN MEDICINE

ATTD19-0493

A MOBILE APP FOR THE SELF-MANAGEMENT OF
TYPE 1 DIABETES AMONG ADOLESCENTS: LESSONS
LEARNED FROM A RANDOMIZED CONTROLLED
TRIAL

M. Palmert1

1Hospital for Sick Children and The University of Toronto,
Division of Endocrinology- Department of Pediatrics,
Toronto, Canada

Many young people with type 1 diabetes mellitus (T1DM)
struggle to achieve blood glucose (BG) targets. Because ado-
lescents also demonstrate a strong propensity for new technol-
ogy, one wonders if mHealth apps are well-suited adjuncts to the
management of T1DM in this population.

We hypothesized that a tailored approach and inclusion of
an adherence mechanism would be needed for an app to be
successful. Thus, we interviewed adolescents with type 1 di-
abetes and their family caregivers and utilized thematic
analysis to identify priority design principles. This user-
centred approach identified themes such as youths having
roles related to data collecting rather than decision making;
the need for fast, discrete transactions; and the importance of
overcoming decision inertia. Design of the mobile app in-
cluded simple, automated transfer of glucometer readings and
gamification, whereby routine behaviors and actions are re-
warded and encouraged.

The app, bant, was first evaluated in a 12 week pilot study.
Satisfaction was high and frequency of self monitoring of
blood glucose (SMBG) increased during the short trial. User
feedback led to a refined app, which included out-of-range BG
trend alerts, coaching around potential causes and fixes of these
trends, and a point-based incentive system to support T1DM
self-management.

We then conducted a 12 month randomized controlled trial
among 92 adolescents. Forty-six youths were enrolled into the
treatment arm, and app satisfaction was assessed at 6 and 12
months using a 7-point Likert scale. At trial end, users ordered
bant’s 12 features based on perceived usefulness. 79% (30/38) and
76% (34/45) of respondents reported being ‘‘satisfied’’ or ‘‘very
satisfied’’ with bant at 6 and 12 months, respectively. The trending
feature was ranked the most useful component by 45% (20/44) and
second most useful by 38% (15/39) of subjects. At 3 months, 76%
(35/46) were moderately or highly engaged (uploaded ‡3 of 7 days)
and 24% (11/46) had low or very low engagement (uploaded <3 of
7 days). On average 35% (16/46 subjects) remained moderately or
highly engaged over the 12 month trial.

Linear mixed models showed no changes in primary (HbA1c)
and secondary (frequency of hypoglycemia, measures of self-care,
quality of life) clinical outcomes. However, exploratory analysis
demonstrated a significant association between increased SMBG
and improved HbA1c in the intervention group. For the subgroup
of bant users performing SMBG ‡5 daily, there was a significant
improvement in HbA1c of 0.58% (P = .02), while the parallel
subgroup in the control arm experienced no significant change in
HbA1c (decrease of 0.06%, P = .84).

In summary, bant shows promising ability to engage a subset
of adolescents and compliment their current clinical care.

Throughout the design and testing of bant, many lessons were
learned about the deployment of smartphone apps. Those les-
sons, along with the results of our clinical trials, will be presented
during this session.

024

DIABETES EDUCATION

ATTD19-0500

THE IMPORTANCE OF EDUCATION
IN CLOSED-LOOP

L. Messer1

1Barbara Davis Center for Diabetes, University of Colorado
School of Medicine- Pediatrics, Aurora- CO, USA

Education and support initiatives are being developed for
closed loop technologies, as hybrid closed loop (HCL) therapy is
now approved in multiple countries. Research and programmatic
development are needed to optimize delivery of education for
both clinician and individuals with type 1 diabetes.

Clinician education must include both general principles of
closed-loop therapy and device specifics. The CARES (Calcu-
late, Adjustment, Revert, Education, Sensor) paradigm can be
useful for distinguishing closed-loop from traditional pump
therapy and highlighting clinically meaningful distinctions be-
tween devices (Table). Clinicians must also consider their criti-
cal role in expectation-setting in order to poise individuals for
optimal use of closed loop systems.

Programs should include both initial closed-loop training and
ongoing support. For example, a pediatric center ‘‘HCL system
initiation’’ program uses group training and videoconference
paradigms to train individuals on HCL use. Phone follow-ups
emphasize carbohydrate ratio adjustments, responding to alerts,
and reducing hyperglycemia. Another strategy is to provide
targeted education and intervention for specific closed-loop ad-
herence or glycemic challenges. A novel multicenter study of a
videoconference-based intervention for families of young chil-
dren using HCL included focused strategies to address mealtime
behaviors, device troubleshooting, exercise and activity, and
hypoglycemia mitigation.

Ongoing work is needed to understand beneficial compo-
nents of closed-loop training programs. Both clinicians and
patients require fundamental understanding of the benefits and
limitations for closed-loop systems, and systematic ways to
optimize their use.

A-8 ATTD 2019 INVITED SPEAKER ABSTRACTS

D
ow

nl
oa

de
d 

by
 4

2.
10

7.
20

2.
11

2 
fr

om
 w

w
w

.li
eb

er
tp

ub
.c

om
 a

t 1
2/

18
/1

9.
 F

or
 p

er
so

na
l u

se
 o

nl
y.

 



025

DIABETES EDUCATION

ATTD19-0491

EDUCATION THROUGH FACEBOOK AND OTHER
SOCIAL MEDIA

G. Petrovski1

1Sidra Medicine, Pediatric Endocrine, Doha, Qatar

Type 1 diabetes (T1D) management is challenge for both
patients and health providers (HP). Technology and social media
can provide an additional opportunity to support care and im-
prove communication with HP. Social media enables support and
interaction in the online community. The social media platforms
and discussion forums are very popular in young people, which
provide unique opportunities for online diabetes education, in-
tervention, and support. The social media use in healthcare
identifies positive effects and outcomes: fosters patient’s edu-
cation, provides psychosocial support; enhances patient’s em-
powerment and reduces illness stigma.

Social media has additional unique support, which cannot be
offered in regular clinic visits, such as: perspective from the
patient’s point of view and an almost unlimited amount of time to
listen and share experience.

Facebook is the largest social media platform and important
source of information, support and engagement for patients with
chronic diseases. The communication between T1D patients and
HP using Facebook allowed active patient participation in the
decision-making process with improved glucose control in pa-
tients using insulin pump. Combined use of Facebook and Viber
can significantly decrease HbA1c level compared to patients
using Facebook only, where patients on insulin pump were more
likely to use both social media for T1D management.

We believe that in today’s challenging healthcare environ-
ment of limited budgets and resources with a desire to provide
better diabetes care, new methods of patient interaction using
social media can be beneficial. Social media can be additional
communication tool between T1D patients and HP and can im-
prove glucose control.

026

THERAPIES IN TYPE 2 DIABETES

ATTD19-0523

PUMPS IN T2D

N. Lalic1

1Faculty of Medicine University of Belgrade, Clinic for
Endeocrinology- Diabetes and Metabolic Diseases,
Belgrade, Serbia

The treatment with continuous subcutaneous insulin infusion
(CSII) using insulin pump has been proven to achieve near
normoglycemia in type 1 diabetes patients. In contrast, this
therapeutic approach was not implemented to a larger scale in
insulin-treated type 2 diabetes (T2D), and there is the lack of the
data on the requirements for optimal insulin pump therapy in the
different metabolic settings of T2D (insulin resistance, obesity,
dyslipidemia etc). However, the growing number of patients with
T2D showing the failure on previous insulin treatment has in-
spired the studies of the metabolic effects of insulin pump

treatment in these individuals. After small-scale inconclusive
studies, the OpT2mize trial has convincingly demonstrated an
ability of insulin pump treatment to significantly improve
HbA1c, but also blood glucose daily variability compared to
multiple daily injection insulin therapy. In addition, the study of
the use of insulin pump therapy in newly diagnosed T2D with
intensive removal of hyperglycemia resulted in more frequent
and longer clinical remission of the disease. The metabolic
changes underlying the improvement of blood glucose control
remain yet unclarified. In this context, our studies have demon-
strated slower reduction of blood glucose in response to the acute
insulin administration with the pump, but significantly better
reduction of HbA1c and insulin resistance in the subgroup of
highly insulin resistant patients. Our results signify that CSII
might be more efficient in patients with higher insulin resistance
and that a flexible approach in decreasing blood glucose is a
prerequisite for achieving treatment targets.

027

THERAPIES IN TYPE 2 DIABETES

ATTD19-0518

ADD ON TO BASAL INSULIN: PATIENT CENTERED
CONSIDERATIONS

J. Reusch1

1Professor of Medicine- Bioengineering and Biochemistry
Endocrinology- Metabolism and Diabetes Associate Director,
Center for Women’s Health Research University of Colorado
Anschutz Medical Campus SOM RMRVAMC Staff Physician
and Merit Investigator, USA, USA

Therapeutic intensification add-on to basal insulin: shared
decision making for success

Managing blood glucose levels in people with longstanding
type 2 diabetes often requires treatment intensification. For
people on basal insulin there are now many options, the most
crucial step is to recognize the need for additional therapy and
engage the patient in shared decision making. The consequences
of therapeutic inertia include life shortening and disabling car-
diovascular and microvascular complications. Once the decision
is made to intensify therapy delays should be minimized. At each
step of treatment intensification, it is important to do a formal
reassessment of diet, physical activity, sedentarism and sleep and
support the patient in additional strategies for behavior change.
The next step is to assess patient characteristics, most impor-
tantly the existence of atherosclerotic cardiovascular disease or
heart failure. For the 20% of people with concurrent heart disease
in diabetes, the use of either a GLP-1 receptor agonist or a
SGLT2 inhibitor should be considered. A brief overview of the
new and emerging CVOTs will be discussed and optimal choices
in light of predominant CVD or CHD. Other critical patient
characteristics that will inform shared decision making are the
A1c lowering needed, the need for weight loss or minimizing
weight gain, the risk of hypoglycemia, the ability to carry out a
complex regimen, renal function, concurrently conditions and
cost. Once the strategy has been set the clinic should support the
patient for cost-effective access to the medication, instruction to
minimize side effects and maximize safety and follow up in 3–6
months to determine efficacy. If the strategy is either not toler-
ated or not adhered to a new strategy should be envisioned by the
patient and provider.
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THERAPIES IN TYPE 2 DIABETES

ATTD19-0510

THE ROLE OF ABA1C POINT OF CARE TESTING
IN THE MANAGEMENT OF DIABETES
AND CARDIOVASCULAR DISEASE

O. Schnell1

1Forschergruppe Diabetes e.V., Munich, Germany

Diabetes is a highly prevalent disease also implicated in the
development of several other serious complications like cardio-
vascular or renal disease. It also places a tremendous financial
burden on both patients and health care systems. Glycated he-
moglobin A1c (HbA1c) testing has for decades been considered
to be one of the most important laboratory medical advances in
diabetes care and plays a key role in the management of diabetes.
HbA1c values represent average glycemic control over the past
2–3 months. They reflect a composition of both pre- and post-
prandial blood glucose levels. Regular HbA1c measurement is
recommended by international guidelines for all patients with
diabetes for the assessment of glycemic control by providing
information on long-term glycemic status and reliably predicting
a potential risk for diabetes-related complications. One potential
disadvantage of traditional HbA1c laboratory testing is that re-
sults are not available at the time of the patient visit due to the
turn-around time required for testing and reporting. This delay in
communicating results can delay intensification or modification
of treatment and reduce patient adherence to the treatment plan.
In response to this, HbA1c testing at the point-of-care is currently
increasing. The American Diabetes Association (ADA) recom-
mends point-of-care (POC) testing for HbA1c to offer more
timely treatment changes. The rapid availability of HbA1c re-
sults permits the discussion of the results face-to-face, and has
the potential to improve patient-doctor dialogue and patient
satisfaction, thereby facilitating improved glycemic control.
HbA1c testing at POC was shown to potentially improve diabetes
management if undertaken within an adequate comprehensive
quality management system. Continued evidence of the accuracy
improvements of various POC systems and cost-effectiveness
evaluations, together with the implementation of effective
quality control measures will support the expansion of these POC
testing systems as a key method for HbA1c testing in daily
practice.

029

WHAT PATIENTS DO WITH CGM DATA AND WHAT
THEY SHOULD DO

ATTD19-0507

MEDICAL NEED FOR TRAINING COURSES FOR
PATIENTS TO MAKE OPTIMAL USAGE OF CGM
(RTCGM AND ISCCGM)

N. Hermanns1, B. Kulzer1, D. Ehrmann1

1Research Institute of the Diabetes Academy Bad Mergentehim,
FIDAM, Bad Mergentheim, Germany

Continuous glucose data provides a more comprehensive
overview about glycemic control (e.g. trend arrows, previous

course of glucose, exposure to hypo-, eu-, or hyperglycemic
glucose values, glycemic variability) than traditional measures
like A1c or results of SMBG. These new parameters that be-
come accessible to people with diabetes via flash sensor-based
glucose monitoring (FSGM) or continuous glucose monitoring
(CGM) can facilitate treatment and adjustments. However, the
abundance of glucose data that are provided by FSGM or CGM
systems can also be perceived as challenging, burdensome or
overwhelming by people with diabetes. Given the amount and
new quality of glucose data, it seems crucial that people with
diabetes know how to interpret and apply these data. This
presentation will provide an overview about psychological and
practical challenges in using continuous glucose data. In ad-
dition, first results of a multi-centre, randomised, parallel trial
evaluating a new education and treatment programme for
people with diabetes using FSGM will be presented. In this
trial, all participants used FSGM; the intervention group re-
ceived the new education programme, named FLASH, whereas
the control group received no education. At the six-month
follow-up, the between-group difference in HbA1c reduction
was significant, favouring FLASH education compared to
the control group receiving no education (-0.28%, 95% CI 0.16
to 0.40 vs. -0.11%, 95% CI 0.00 to 0.22%; between-group
difference: -0.17% 95% CI: -0.01 to -0.33; p = 0.033). Parti-
cipation in FLASH education also resulted in significant im-
provements in time spent in the target glucose range, in
diabetes-related distress scores and in satisfaction with the
glucose monitoring method. FLASH education also resulted in
significant improvements in the use of glycaemic information
provided by FSGM and in reduced SMBG fingerstick testing.
Diabetes education programmes like the newly developed
FLASH programme are an effective tool to make optimal use of
continuous glucose data.

030

WHAT PATIENTS DO WITH CGM DATA AND WHAT
THEY SHOULD DO

ATTD19-0517

DECISIONS IN THE PSYCHOLOGY OF GLUCOSE
MONITORING

G. Reach1

1Avicenne Hospital APHP and Paris 13 University- Bobigny,
Avicenne Hospital APHP and Paris 13 University- Bobigny,
Bobigny, France

Using a continuous glucose monitoring system requires 5
decisions:

1. Decide to use this technology in general; 2. Decide to insert
this particular sensor; 3. Decide to download the data during the
lifespan of the sensor; 4. Decide to cogitate about the data; 5.
Decide to do something based on this reflection. Each of these
decisions relates to the achievement of an action. For philoso-
phers, deciding to act requires the formation of an ‘‘intention-
in-action’’, which itself follows that of a more general ‘‘prior-
intention’’ (1). For example, the formation of the ‘‘prior-intention’’
is caused by the desire to avoid diabetes complications, and this
‘‘prior-intention’’ leads to the formation of the ’’intention-in-
action’’ to perform actions 1–5 described above. These decisions
depend on many elements (for example, decision 2 requires the
sensor to be available).
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This conceptual framework explains the force of habit in the
realization of repetitive actions such as glucose monitoring (2). It
applies not only to Continuous Glucose Monitoring (CGM) but
also to the discontinuous measurement of blood glucose (DGM).
However, decision 4 is different for CGM and DGM: the patient
can write in his treatment logbook a false, normal, blood glucose
to escape the anxiety secondary to seeing a high value and the
need to cogitate about the data, but this is not possible in con-
tinuous monitoring. Decisions 4 and 5 are particularly interest-
ing: they may represent the main burden of glucose monitoring,
explaining that decision 3 is actually not taken. These decisions
3–5 will be rendered useless in a closed-loop system, explaining
the interest of this technology: closed-loop bypasses the step of
the formation of intentions, and thus avoids the cognitive and
emotional efforts linked to decision.

References

1. Searle, J. (1983). Intentionality: An Essay in the Philosophy
of Mind. New York, Cambridge University Press.

2. Reach, G. (2005) The role of habit in therapeutic adherence.
Diab Med 2005;22:415–420.

031

DATA DIABETES SCIENCE

ATTD19-0495

BUILDING A VIRTUAL IMAGE OF PATIENT – THE
VIP APPROACH TO PRECISION MEDICINE FOR
DIABETES

B. Kovatchev1

1University of Virginia, Center for Diabetes Technology,
Charlottesville- Virginia, USA

Arguably, diabetes mellitus is the best quantified human
condition: the genetic underpinning of type 1 diabetes is well
described and genetic markers for type 2 diabetes are emerging;
elaborate in silico models describe the action of the human
metabolic system, real-time signals such as continuous glucose
monitoring are available, and artificial pancreas systems control
blood glucose fluctuations in patients’ natural environment. The
data relevant to diabetes are generally structured in three time
scales: (1) Static characteristics derived from the genotype of a
person; (2) Episodic updates, typically every few months, through
electronic health records that are used for periodic treatment
adjustment, and (3) Real-time data, such as self-monitoring or,
particularly, continuous monitoring records, which enable precise
description of the dynamics of the metabolic system and ultimate
personalized medicine applications, such as real-time decision
support or closed-loop control.

We therefore propose to link these currently distinct develop-
ments into one coherent new concept – Diabetes Data Science –
and to introduce tools for building a Virtual Image of a Patient
(VIP). The VIP approach allows disparate data sets to congregate
and create an in silico ‘‘individual,’’ – a virtual match of a real
person that allows treatment optimization to occur in computer
simulation prior to be offered to physicians and patients. The
major objective of the VIP model is to broaden the understanding
of Precision Medicine for Diabetes beyond its traditional defini-
tion as a therapy initialized by a person’s genotype, to approaches
that are continually updated with electronic health records and
real-time monitoring driving personalized treatment algorithms.
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ULTRA RAPID ACTING INSULINS
AND TECHNOLOGY

ATTD19-0522

RAPID ACTING INSULIN, EXERCISE
AND CLOSED-LOOP

K. Dovc1

1MD- PhD, Department for Paediatric Endocrinology-
Diabetes and Metabolic Diseases UMC - University Children’s
Hospital Ljubljana, Ljubljana, Slovenia

Regular physical activity is important for people of all ages
and especially for those with chronic diseases. For individuals
with type 1 diabetes is physical activity challenged by numerous
factors causing glucose fluctuations during and after exercise,
including activity type (aerobic, anaerobic or mixed), duration of
the activity, level of hydration, the secretion of counter regula-
tory hormones as well as the amount of insulin and nutriments
in the body when the physical activity is performed (1,2). The
burden of regularly adjusting insulin therapy before, during and
after physical activity based on current treatment recommenda-
tions (3) is a significant challenge, especially in the pediatric and
adolescent populations, due to varying spontaneous activity
levels, developmental and hormonal changes, varying lifestyle
modalities and other factors.

Artificial pancreas is, based on results from numerous clinical
studies in the past decade, becoming a part of unsupervised
clinical care for people with type 1 diabetes (4,5) and has proven
to be safe and effective also when challenged with different
types of physical activity (6,7). The majority of present artificial
pancreas systems require manual insulin bolus for meals to
deliver insulin in so-called hybrid closed-loop manner (5).
While improvements seen in glycemic control with these state-
of-the-art devices are reassuring, users of hybrid closed-loop
systems still experience the everyday burden of feed-forward
actions, such as carbohydrate counting or exercise announce-
ment and still require pre-meal and pre-exercise insulin adjust-
ments to avoid glycemic excursion (8–11). To fully ‘‘close the
loop’’, these systems might benefit from shortening the time to
peak action for prandial insulin coverage and also faster insulin
clearance rate, which were recently reported with novel ultra-
rapid insulin analogs (12–14). Nevertheless, data on ultra-rapid
insulin analogs with closed-loop insulin therapy during physical
activity are scarce.

In this presentation we will present data on the possible ben-
efits and limitations of ultra-rapid insulin analogs for closed-loop
insulin therapy, challenged by unannounced/uncovered meals
and unannounced physical activity.
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INSULIN PUMPS

J. Sherr1

1Yale University, Pediatric Endocrinology, New Haven, USA

The first application of technology to improve the care of those
living with type 1 diabetes (T1D) can arguably be traced to the
dawn of insulin pump therapy in the late 1970s. Yet, integration of
this technology into the clinical care of youth remained minimal
until the turn of the century. Data on the use of pump therapy have
shown improvement in glycemia in observational studies; how-
ever, randomized control trials have demonstrated conflicting
results. More recently, registry data has reinforced that lower A1c
levels are demonstrated in pump users. Additional benefits of
pump therapy, extending beyond A1c, should be considered in
youth. Indeed, pumps serve as the foundational building blocks in
the midst of a technological revolution based on integration of
sensor data allowing for automation of insulin delivery.
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THE EUROPEAN PERSPECTIVE OF DIY FOR
CLOSED-LOOP

L. Petruzelkova1
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Charles University in Prague- Czech Republic., Department of
Pediatrics-, Prague, Czech Republic

The availability of official hybrid closed loop systems is
limited in routine care of patients with T1D. This situation has
led to massive expansion of non-certified Open Source Hybrid
Closed Loop Systems amongst these patients.

In contrast to the USA, where Loop is the most popular, In
Europe AndroidAPS is the most common. This open source
hybrid closed loop, which was created by Milos Kozak, is based
on the OpenAPS algorithm which works with a model predictive
control (MPC). The AndroidAPS app can be downloaded to any
smartphone with Android 5 and the pump is fully controlled by
the smartphone with AndroidAPS application. The CGM and
CSII data can be visualized on smartphone as well. This algo-
rithm, along with its additional features, does not have either a
Certification Europe (CE) marking or FDA approval. However,
the number of patients with T1D using this uncertified product is
still increasing and physicians are being more and more fre-
quently confronted with T1D patients using this system. Pivotal
data has shown the effectiveness of this system. Nevertheless,
long term safety data is still missing.

This presentation will show the preliminary results of In Silico
modeling by a UVA/Padova simulator of the AndroidAPS hybrid
closed loop, as well as an update of ongoing studies with An-
droidAPS. The Good News project, an international multicenter
safety study of AndroidAPS, will also be introduced.

A-12 ATTD 2019 INVITED SPEAKER ABSTRACTS

D
ow

nl
oa

de
d 

by
 4

2.
10

7.
20

2.
11

2 
fr

om
 w

w
w

.li
eb

er
tp

ub
.c

om
 a

t 1
2/

18
/1

9.
 F

or
 p

er
so

na
l u

se
 o

nl
y.

 



035

DO IT YOURSELF IN DIABETES
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‘‘#WEARENOTWAITING:’’ DIY DIABETES DATA AND
RESEARCH

D. Lewis1

1OpenAPS, Founder/Developer, Seattle, USA

Over the last several years, dozens of patients have developed
numerous novel tools and technologies to make living with type 1

diabetes easier. By sharing their work through open source
methods, thousands of people with diabetes have been able to
benefit from accessing and visualizing their data in new and novel
ways, in addition to making new combinations of diabetes devices
interoperable. These tools range from remote monitoring tools
to DIY closed loops such as OpenAPS. While most of these tools
are often designed for real-time use, the data created and collected
by these tools enable for significant new research into areas
of diabetes previously not addressed by traditional researchers.
This presentation will address the background of the #WeAre-
NotWaiting movement and the evolution of these diabetes tools
and technologies, as well as some of the current research and
potential future areas of research that this data can empower.
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Advanced Medical Technologies to Be Used in Hospitals
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ROLE OF COMPOSITE GLYCAEMIC INDICES:
A COMPARISON OF THE COMPREHENSIVE
GLUCOSE PENTAGON ACROSS DIABETES
SUBTYPES AND HBA1C

S. Rama Chandran1, R. A. Vigersky2, A. Thomas3, L.L. Lee4,
J. Ratnasingam4, A.T.B. Tan4, D.S.L. Gardner1

1Singapore General Hospital, Endocrinology,
Singapore, Singapore
2Medtronic, Medtronic, Northridge-CA, USA
3Medtronic GmBH, Medtronic GmBH, Pirna, Germany
4University of Malaya, Division of Endocrinology- Department
of Internal Medicine, Kuala Lumpur, Malaysia

Background: Complex changes of glycaemia occur in dia-
betes which no single measure can fully capture. The Compre-
hensive Glucose Pentagon (CGP) measures multiple aspects of
glycaemia to generate the Prognostic Glycaemic Risk (PGR),
which constitutes the combined relative risk of hypoglycaemia
and long-term complications. We compare components of CGP
and PGR across Type 1 and Type 2 Diabetes (T1, T2D) and
HbA1c.

Methods: Subjects: n = 60 T1D and n = 100 T2D who under-
went CGM. Mean glucose, %CV, Intensity of Hypoglycaemia
and Hyperglycaemia (INThypo & INThyper, O(AUC)2+(Time)2),
Time out-of-Range (TOR, <3.9mmol/L & >10mmol/L) and PGR
were calculated. PGR scores (median, 95% CI) for diabetes
subtypes and HbA1c tiers were compared.

Results: While HbA1c was lower in T1D (T1D-vs-T2D:
8.0 – 1.6% vs 8.6 – 1.7%, p = 0.02), mean glucose and median
INThyper were similar across T1D and T2D (both p > 0.05).
INThypo, %CV and TOR were all higher in T1D [T1D-vs-
T2D: 905(571, 1566) vs 18(0, 81) mg/dlxmin2; 40.5 – 9.4 vs
29.6 – 7.6%; 699 – 272 vs 591 – 364 min/day respectively, all
p < 0.05]. Across each HbA1c tier, the PGR remained con-
sistently and significantly higher in T1D (Figure 1). Whilst
mean glucose remained the same across HbA1c tiers, %CV,
TOR, INThyper and INThypo were significantly higher for T1D.
Even within the same HbA1c tier, the spread (95%CI) of each
parameter in T1D was wide (Figure 1).

Conclusion: T1D clearly demonstrates wider variation across
multiple glycaemic parameters in comparison to T2D. HbA1c alone
cannot capture this variation. Composite indices like CGP may en-
able ready comparison of multiple important glucose outcomes.
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FAMILY MIRNA 132 AND 134 EXPRESSIONS AND
THEIR RELATION TO DIABETES MELLITUS AND
MILD COGNITIVE IMPAIRMENT

I. Salama1, S. Sami2, S. Salama1, H. Attia3, G. Abdel-Latif1,
T. Rabah1, M. Hamed3, S. Kamel3, D. Elmosalami1, R. Saleh1,
W. Fouad1, A. Mohsen1

1National Research Center, Community Medicine Research,
Giza, Egypt
2National Research Center, Child Health Department,
Giza, Egypt
3National Research Center, Clinical and Chemical Pathology
Department, Giza, Egypt

Background: Understanding miRNAs-related pathways
could serve as novel targets for drug development for devastating
health conditions.

Objective: is to assess miRNA family 132 & 134 expression
among diabetics and its association with mild cognitive impair-
ment (MCI).

Methodology: This study recruited 150 diabetics and 150
healthy age and sex matched individuals. Micro RNA family 132
& 134 expressions were assessed and MCI was detected using,
ACE III cognitive test.

Results: Among diabetics, family 134 miRNA (134, 323, 382)
expressions are positively highly significant correlated with each
other P < 0.001. Among controls, the family miRNA132 (128, 132
and 874) expressions were significantly correlated with each other.
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Expression level of miRNA 874 was found to be significantly higher
among diabetics compared to controls, P < 0.0001. Logistic regres-
sion analysis revealed that higher miRNA 874 and miRNA 323
expressions were the significant predicting factors for DM with AOR
1.1 (1.05–1.12) and 1.1 (0.99–1.22) respectively. The prevalence of
MCI was significantly higher among diabetics (27.6%) compared to
controls (6.7%) with OR 5.3, P < 0.001. Among controls, total ACE
III score was significantly positively correlated with miRNA128 and
significantly negatively correlated with miRNA 134 expressions.
While, among diabetics, total ACE III score was not correlated with
the miRNA expressions. Higher miRNA 874 expression, female
gender and lower education level were the significant predicting
factors for MCI among diabetics with AOR 1.01 (0.99–1.2), 2.3
(0.97–5.7) and 0.62 (0.39–1.003) respectively.

Conclusion: MiRNA expression can be used as a minimally
invasive test for early detection of DM and MCI.

This project is supported financially by the Science and
Technology Development Fund (STDF), Egypt, Grant No: 15026
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Artificial Pancreas
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OPEN – OUTCOMES OF PATIENTS’ EVIDENCE WITH
NOVEL, DO-IT-YOURSELF ARTIFICIAL PANCREAS
TECHNOLOGY

K. Braune1, K. Raile1, B. Cleal2, I. Willaing2, A. Tappe3,
D. Lewis4, B. Hauck5, R. Scibilia6, E. Rowley7, W. Ko8,
G. Doyle9, T. Kechadi10, T.C. Skinner11, S. O’Donnell10

1Charité - Universitaetsmedizin Berlin, Department of
Paediatric Endocrinology and Diabetes, Berlin, Germany
2Steno Diabetes Center, Diabetes Management Research,
Copenhagen, Denmark
3AndroidAPS, AndroidAPS, Linz, Austria
4OpenAPS, OpenAPS, Seattle, USA
5#dedoc, German Diabetes Online Community,
Berlin, Germany
6Diabetes Australia, Diabetes Australia, Canberra, Australia
7T1International, T1International, Cheltenham,
United Kingdom
8International Diabetes Federation Europe, International
Diabetes Federation Europe, Brussels, Belgium
9University College Dublin, Michael Smurfit Graduate Business
School, Dublin, Ireland
10University College Dublin, The Insight Centre for Data
Analytics, Dublin, Ireland
11Københavns Universitet, Department of Psychology,
Copenhagen, Denmark

Digital innovations in healthcare up until recently have typi-
cally followed a ‘top-down’ pathway, with manufacturers lead-
ing the design and production of technology-enabled solutions
and patients involved only as ‘users’ of the end-product. How-
ever, this is now being disrupted by the increasing influence and
popularity of more ‘bottom-up’ and patient-led open source
initiatives. A leading example is the growing movement of
people with diabetes (PwD) who create their own ‘‘do-it-
yourself’’ artificial pancreas systems (DIY APS) through remote
control of medical devices with an open source algorithm.

The EU-H2020 funded project ‘‘OPEN’’ brings together an
international and intersectoral consortium of patient innovators,

clinicians, social scientists, computer scientists and patient ad-
vocacy organizations to establish an evidence-base surrounding
the impact of DIY APS on PwD and wider healthcare systems. Its
aims include the following: 1) to examine the clinical and quality of
life outcomes, as well as lived experiences, of DIY APS users
through a variety of quantitative and qualitative approaches; 2) to
make technological improvements in DIY APS through improving
the user experience as well as the predictive capacity of such
systems; 3) to explore barriers to scale-up, such as socioeconomic,
gender, ethnic and age-related inequalities in access to technolo-
gies needed for DIY looping, and how they might be resolved.

The DIY APS movement is an exemplary case study of his-
torical significance, and this research will have important lessons
and implications in a context where informed and connected
patients are driving and challenging current care models and
paradigms of medical innovation and regulation.
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Blood Glucose Monitoring and Glycemic Control
in the Hospitals
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DAILY GLUCOSE VARIABILITY IS ASSOCIATED
WITH NOCTURNAL HYPOGLYCAEMIA

L. Cardoso1, C. Baptista1, B. Luisa1, F. Carrilho1

1Centro Hospitalar e Universitário de Coimbra, Department of
Endocrinology- Diabetes and Metabolism, Coimbra, Portugal

Background and aims: Even with the advent of insulin
pumps and long-acting insulin analogues, nocturnal hypogly-
caemia is still common in patients with type 1 diabetes (T1D).
Our aim was to assess the relationship between nocturnal hy-
poglycaemia and glucose variability (GV) in T1D.

Method: We analysed 10778 hours of continuous glucose
monitoring of patients with type 1 diabetes (T1D) and extracted
3601 hours between 0 and 8 a.m.. All data points were collected
on iPro2TM.

Results: Most patients were female (n = 40; 57.1%), and
mean age, duration of disease and A1C was 30.3 – 9.6years,
17.1 – 9.2years and 7.9 – 1.1%. Mean glucose levels decreased
during the night in patients treated with insulin pumps (0–2a.m.:
168.8 mg/dL; 2–4a.m.: 172.8 mg/dL; 4–6a.m.: 165.4mg/dL; 6–
8a.m.: 158.3 mg/dL) and multiple daily injections [MDI] (0–2a.m.:
159.2 mg/dL; 2–4a.m.: 160.6mg/dL; 4–6a.m.: 153.2 mg/dL; 6–
8a.m.: 147.4mg/dL). However, the time spent in hypoglycae-
mia was substantially lower for patients treated with insulin
pumps than MDI (5.5% vs 11.1%), and it was lowest between
2–4a.m. (3.7%). and highest between 6–8a.m (7.8%) for the
former and two blocks of time were noticeable between 0–
4a.m. (9,4%) and 4–8a.m. (12.8%) for the latter. Time spent in
hypoglycaemia at night was correlated with 24 h glucose vari-
ability indexes (ie, CONGA [r = -0.10, p = 0.015], LI [r = -0.10,
p = 0.015], JINDEX [r = -0.09, p = 0.022], LBGI [r = 0.07,
p = 0.090], HBGI [r = -0.09, p = 0.030], GRADE [r = -0.12,
p = 0.022], MODD [r = -0.06, p = 0.162], MAGE [r = -0.11,
p = 0.009], ADDR [r = -0.17, p < 0.001], MValue [r = -0.08,
p = 0.051], MAG [r = -0.14, p = 0.001]).

Conclusion: Daily glucose variability was associated with the
time spent in hypoglycaemia at night, therefore patients at in-
creased risk of nocturnal hypoglycaemia would benefit from
strategies aiming to decrease glucose variability.
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TOWARDS AUTOMATED MACRONUTRIENT
ASSESSMENT

L. Bally1, D. Herzig1, A. Leichtle2, N. Previtali3, A. Briner3,
C. Stettler1

1Inselspital- Bern University Hospital and University of Bern,
Department of Diabetes- Endocrinology- Clinical Nutrition and
Metabolism, Bern, Switzerland
2Inselspital- Bern University Hospital and University of Bern,
University Institute of Clinical Chemistry, Bern, Switzerland
3snaq GmbH, snaq GmbH, Zurich, Switzerland

Introduction: The role of nutrition is crucial for the man-
agement of metabolic diseases such as diabetes and obesity.
However, accurate assessment of dietary intake remains chal-
lenging. Conventional approaches are often burdensome, indi-
cating a pressing need to develop a more effective tool.

Methods: We tested the accuracy of a novel automated image-
based macronutrient assessment tool in a pre-clinical setting at the
Bern University Hospital Kitchen. Fifty breakfast variants, each
consisting of 4 out of 40 food items from 7 categories (bread, ce-
reals, spreads, fruits, cheese, mash and yogurt) were assessed in
terms of macronutrient and energy content. Each meal was scanned
4 times. Reference data was derived from the true weight and in-
formation from a nutritional database. Primary outcome was mean
difference in estimated carbohydrate (CHO) content with 95%
limits of agreement [LoA]. Secondary outcomes were deviations in
protein, fat and energy estimation and method reproducibility.

Results: The mean(SD) error in estimated CHO content per
menu was 2.6 (6.5)g with LoA [-15.8, 21.1]. Protein, fat and energy
estimations varied by 1.4 (2.4)g [-3.7, 5.7], 1.0 (1.9)g [-4.8, 7.6] and
25.2 (45.5)kcal [-100.1, 150.5] from reference method. The coef-
ficients of variation between repeated scans were 15.5 (10.9)%, 14.2
(9.0)%, 15.2 (9.8)% and 13.9 (8.1)% for CHO, fat, protein and
energy content, respectively. Accuracy was lowest for yogurt
food items. When excluding yogurt items, LoA were [-10.3g,
10.0g], [-3.7g, 4.9g], [-3.1g, 4.1g] and [-68.5kcal, 82.6kcal] for
CHO, fat, protein and energy content.

Conclusion: Image-based automated macronutrient assess-
ment showed promising accuracy over a wide range of different
food items. Its potential clinical impact remains to be determined
under real-life settings.
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FEASIBILITY OF SAFETY SYSTEM WITHIN A NOVEL
PERSONALISED DECISION SUPPORT TOOL FOR
INSULIN DOSING

P. Avari1, Y. Leal2, M. Wos2, K. Sivasithamparam1, C. Liu3,
N. Jugnee1, M. Thomas1, M. Reddy1, P. Herrero3, C. Martin4,
J. Fernández-Real2, N. Oliver1, M. Fernández-Balsells2

1Imperial College London, Department of Diabetes and
Endocrinology, London, United Kingdom
2Institut d’Investigació Biomèdica de Girona Dr. Josep Trueta,
Diabetes, Girona, Spain

3Imperial College London, Department of Electrical and
Electronic Engineering, London, United Kingdom
4Oxford Brookes University, Department of Computing and
Communication Technologies, Oxford, United Kingdom

Background: The Patient Empowerment through Predictive
Personalised Decision Support (PEPPER) integrated system is
designed to provide personalised bolus advice for people with
Type 1 diabetes (T1DM). The system delivers insulin dosing
decision support based on case-based reasoning (CBR), coupled
with a safety system which includes predictive glucose alarms,
low glucose suspend for insulin pump users, and personalised
carbohydrate recommendations. We aimed to assess proof of
concept and feasibility of the PEPPER safety system.

Methods: This is a Phase 1 non-randomised open-labelled 8-
week study to assess the safety system outcomes (without CBR-
based insulin dosing decision support). Eight adults with T1DM
on multiple daily injections of insulin participated. Following
two weeks of unblinded continuous glucose monitoring (CGM,
Dexcom G5), participants completed six further weeks with the
PEPPER safety system active. Baseline outcomes derived from
the run-in period were compared with end-point.

Results: Participants were (median (interquartile range)) aged
38 (31.8–53.5) years, with a diabetes duration of 22.5 (18.0–
26.5) years and HbA1c 63 (57–66)mmol/mol. Percentage time
in hypoglycaemia (<3.0mmol/l) significantly decreased from
0.82% at run-in to 0.33% at endpoint (p = 0.02), with a significant
increase in percentage time in target (3.9–10.0mmol/l; p = 0.027).
The total number of alarms to carers significantly decreased
(p = 0.005). There was also a reduction in number of carbohydrate
recommendations.

Conclusions: The PEPPER safety system is safe and feasible
to use as a component of the overall system and to integrate with
the PEPPER adaptive bolus calculator. The data suggest the
PEPPER safety system has the potential to enable improvements
in hypoglycaemia and percentage time in range.

042

Clinical Decision Support Systems - Advisors

ATTD19-0243

SMART BOLUS CALCULATOR FOR PERSONALIZED
INSULIN DOSING USING CONTINUOUS GLUCOSE
MONITORING DATA AND PATIENT
CHARACTERISTICS

G. Cappon1, M. Vettoretti1, A. Facchinetti1, G. Sparacino1

1University of Padova, Department of Information Engineering,
Padova, Italy

Background and Aims: In type 1 diabetes (T1D) therapy,
insulin meal boluses (IMB) are usually computed by a ‘‘standard
formula’’ (SF) using current blood glucose (BG) concentration
provided by fingerprick devices. In this work, we investigate the
potential of integrating continuous glucose monitoring (CGM)
data and patient specific parameters to adjust and personalize the
IMB dose computed using SF.

Method: Using the UVa/Padova T1D Simulator, we gener-
ated in silico data of 100 virtual subjects undergoing single meal,
noise-free trials with different conditions in terms of preprandial
BG and glucose rate of change (ROC) and meal amount. For each
condition, we computed the optimal correction DIMB to be ap-
plied to IMB obtained with SF, to minimize the BG risk index
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(BGRI). We split data into training and test sets. In the training
set, we fitted a linear regression (LR) to predict DIMB using 10
features (carbohydrate-to-insulin ratio, correction factor, insulin-
on-board, carbohydrate-on-board, body weight, meal carbohy-
drate intake, target BG, basal insulin, preprandial BG and ROC).
In the test set, we compared performance of SF and LR in terms
of time in hypo/hyperglycemia and BGRI.

Results: Median results show a general improvement of the
glycemic performance with LR compared to SF: time in hypo-
glycemia 5.22% vs. 12.57%; time in hyperglycemia 21.93% vs.
21.92%; BGRI 6.94 vs. 8.75.

Conclusion: We showed how LR can exploit both CGM-
derived information and patient characteristics to effectively
personalize IMB computation and improve the glycemic out-
comes. Future development will involve the assessment of this
methodology in more challenging scenarios.
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Clinical Decision Support Systems - Advisors

ATTD19-0273

EFFICACY OF ADVANCED CARBOHYDRATE
COUNTING AND AUTOMATED INSULIN BOLUS
CALCULATORS IN TYPE 2 DIABETES: THE
BOLUSCAL2 STUDY, AN OPEN-LABEL,
RANDOMIZED CONTROLLED TRIAL

M.B. Christensen1, N. Serifovski1, A.M. Herz1, S. Schmidt1,2,
A. Gotfredsen1, L. Raimond2, E. Hommel2, P. Gaede3,
K. Nørgaard1,2

1Hvidovre Hospital, Dept. of Endocrinology,
Hvidovre, Denmark
2Steno Diabetes Center Copenhagen, Clinical research,
Gentofte, Denmark
3Slagelse Hospital, Dept. of Endocrinology, Slagelse, Denmark

Background and aim: Carbohydrate counting and use of
automated bolus calculators (ABC) can help reduce HbA1c in
type 1 diabetes but this approach has never been tested in type 2
diabetes. We evaluated the efficacy of advanced carbohydrate
counting and use of an ABC compared with manual insulin bolus
calculation in persons with type 2 diabetes.

Methods: A 24-week open-label, randomized controlled
study was conducted in 79 participants (mean age 62.5 – 9.6 yrs,
HbA1c 72 – 11 mmol/mol, diabetes duration 18.7 – 7.6 yrs) with
type 2 diabetes treated with basal-bolus insulin. Participants were
randomized 1:1 into two groups. ABC group received training in
advanced carbohydrate counting and use of an ABC. MC group
received training in advanced carbohydrate counting and manual
calculation of insulin bolus. Participants wore blinded CGM for 6
days at baseline and at study end. Primary endpoint was change
in HbA1c.

Results: After 24 weeks HbA1c significantly decreased
8.8 mmol/mol in ABC group and 9.0 mmol/mol in MC group
with no difference between groups (P = 0.96). Change in time
spent in glycemic ranges (%) and glycemic variability are given
in table 1. Glycemic variability decreased significantly in both
groups. There was no significant change in insulin dose or BMI
during the study.

Conclusion: Advanced carbohydrate counting and insulin
bolus calculation is an efficient, low-cost tool to reduce HbA1c
and glycemic variability in persons with basal-bolus insulin

treated type 2 diabetes. Similar effects were seen with use of an
ABC and with use of manual bolus calculation.

044
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ATTD19-0425

THE USE OF AN INSULIN SENSITIVITY-INFORMED
BOLUS CALCULATOR REDUCES AFTER-DINNER
HYPOGLYCEMIA FOLLOWING AN EARLY-
AFTERNOON EXERCISE SESSION: A PROOF-OF-
CONCEPT IN SILICO STUDY

C. Fabris1, M. Breton1

1Center for Diabetes Technology, University of Virginia,
Charlottesville, USA

Background: Insulin sensitivity (SI) regulates the impact of
insulin treatment decisions on glucose variability in individuals
with Type 1 Diabetes (T1D). SI fluctuations – frequent and large
in T1D – complicate insulin dosing and can lead to worsened
glycemic control. Here, we propose a new bolus strategy based
on monitoring SI changes, and present its in silico validation in
the control of one meal following an exercise session (increased
SI).

Methods: A 24-hour simulation was built using the UVa/
Padova T1D Simulator. One-hundred in silico adults received
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breakfast at 7AM, lunch at 12:30PM, and dinner at 7PM; a 45-
minute exercise session was simulated at 2:30PM. The dinner
bolus was computed using functional insulin therapy or the SI-
informed bolus calculator; the latter modulates the standard in-
sulin dose based on the ratio between a real-time estimate of SI
and the subject’s usual SI at the same time of day. Low and high
blood glucose indices (LBGI/HBGI) were computed from sensor
data in the 6 hours following dinner to assess hypo- and hyper-
glycemia exposure.

Results: Postprandial LBGI considerably decreased when
the SI-informed bolus calculator was used rather than standard
insulin therapy (DLBGI = 1.1); HBGI did not show relevant
difference (DHBGI = 0.01) [see Figure]. The number of hypo-
glycemia treatments administered in the same postprandial
period was reduced from 34 to 6 with the use of the SI-informed
calculator.

Conclusions: This in silico study shows the potential benefit
of modulating insulin boluses in real-time based on the subject’s
SI, and suggests the possibility of deploying this technique to
improve glucose control after physical activity.
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Closed-loop System and Algorithm

ATTD19-0167

HYBRID CLOSED LOOP THERAPY IN THE REAL
WORLD: 6 MONTH CLINICAL OBSERVATION OF
YOUTH WITH TYPE 1 DIABETES

C. Berget1, L.H. Messer1, T. Vigers2, R.P. Wadwa1,
R.H. Slover1, L. Pyle2, K.A. Driscoll1, G.P. Forlenza1

1University of Colorado School of Medicine, Barbara Davis
Center for Childhood Diabetes, Aurora, USA
2University of Colorado School of Medicine, Department of
Pediatrics, Aurora, USA

Objective: To describe the impact of the 670G Hybrid Closed
Loop (HCL) system on glucose control in a clinical sample of
youth with type 1 diabetes (T1D).

Methods: Youth starting the 670G HCL system for T1D care
enrolled in an observational study. Data on HCL use and gly-
cemic outcomes were obtained from pump downloads and chart
review during 2 routine follow-up clinic visits over 6 months
following initiation of HCL.

Results: Fifty-one youth (mean age 15.7 + 3.5 yrs.; 56% M;
baseline A1c 8.6% (7.8, 9.8) with T1D for 7.2 + 4.1 yrs, were
included. Nineteen individuals (37%) discontinued use of HCL
within 6 months of starting HCL therapy. After adjusting for
baseline A1c, the 32 youth who continued HCL exhibited an
increase in A1c from 7.8% at the 1st follow-up clinic visit to 8.1%
at the 2nd follow-up clinic visit ( p = 0.02 in a mixed model). Time
spent in HCL decreased from 71% to 61% between the 1st and 2nd

clinic visits ( p = 0.004). Sensor wear decreased from 81% to 72%
( p = 0.03). Time in range (70–180 mg/dl) decreased from 61% to
56% ( p = 0.02). System exits from HCL mode to standard pump
mode occurred once per day.

Conclusions: Youth experienced a decline in HCL use over
time, possibly contributing to the reduced sensor time in range
and increased A1c over time. Youth may need additional support
to maintain sensor wear and manage HCL exits to sustain HCL
use over time. Future research is necessary to understand reasons
for discontinuation of HCL therapy in youth.

046

Closed-loop System and Algorithm

ATTD19-0175

HIGH-INTENSITY INTERVAL EXERCISE VS.
MODERATE-INTENSITY EXERCISE IN ADULTS WITH
TYPE 1 DIABETES AND IMPAIRED AWARENESS OF
HYPOGLYCAEMIA USING CLOSED-LOOP INSULIN
DELIVERY

M. Lee1,2, S. Vogrin1, B. Paldus1, H. Jones1,2, S. McAuley1,2,
V. Obeyesekere2, J. Gooley2, R. Giri2, A. La Gerche3,4,
R. MacIsaac1,2, V. Sundararajan1, A. Jenkins1,2,5, G. Ward2,6,
D. O’Neal1,2

1University of Melbourne, Department of Medicine,
Melbourne, Australia
2St Vincent’s Hospital Melbourne, Department of
Endocrinology & Diabetes, Melbourne, Australia
3St Vincent’s Hospital Melbourne, Department of Cardiology,
Melbourne, Australia
4Baker Heart and Diabetes Institute, Clinical Research
Domain, Melbourne, Australia
5University of Sydney, NHMRC Clinical Trials Centre,
Sydney, Australia
6University of Melbourne, Department of Pathology,
Melbourne, Australia

Background: People with type 1 diabetes (T1D) and impaired
awareness of hypoglycaemia (IAH) have defective hormonal
counter-regulation to hypoglycaemia. However, their biochem-
ical responses to exercise have not been well-defined.

Aims: To evaluate counter-regulatory hormone responses and
glucose control using hybrid-closed-loop (HCL) among people
with T1D and IAH undertaking exercise.

Methods: Nine adults with T1D and IAH (5 men; median
[IQR] age 54 [44, 57] years; HbA1c 7.2% [6.5, 7.5]; Gold score 6
[5, 7]) undertook high-intensity interval exercise (HIIE) and
moderate-intensity exercise (MIE) stages, 45-minutes duration,
in random-order with HCL (Medtronic 670G) activated. Fre-
quent venous samples measured glucose, ketones, lactate and
counter-regulatory hormones. Biochemical parameters during
and 120-minutes post-exercise were assessed as time-averaged
mean AUC; HIIE and MIE results were compared using Wil-
coxon signed-rank test.
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Results: Compared with MIE, HIIE was associated with
greater increases in cortisol (385nmol/L*min [296, 428] vs.
295nmol/L*min [234, 313] respectively, p = 0.015) (Figure 1).
No significant differences in growth hormone or glucagon were
observed. Post-exercise, ketones increased similarly with HIIE
and MIE. Increase in sensor glucose from exercise commence-
ment to 120-minutes post-exercise was greater with HIIE than
MIE (HIIE +225mmol/L [+173, +504] vs. MIE -144mmol/L [-
274, -20], p = 0.028). Sensor glucose was <3.9mmol/L in only
one participant during each stage.

Conclusions: Among adults with T1D and IAH, our data
suggest preservation of counter-regulatory patterns of response
to exercise. This contrasts to documented impaired counter-
regulatory responses to hypoglycaemia in this group, suggesting
different pathways for the two stimuli. HCL appeared safe and
effective with exercise in this study.
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ATTD19-0268

AN INSULIN PUMP WITH PREDICTIVE LOW
GLUCOSE SUSPEND TARGETS THE TIME IN RANGE
MORE EFFECTIVELY THAN MDI WITH CGM UNDER
REPEATED PHYSICAL ACTIVITY.

L. Petruzelkova1, J. Soupal2, L. Plachy1, V. Neuman1,
P. Jiranova1, V. Plasova1, S. Pruhova1, Z. Sumnik1

1Motol University Hospital and 2nd Faculty of Medicine-
Charles University in Prague- Czech Republic, Department of
Pediatrics, Prague, Czech Republic
21st Faculty of Medicine- Charles University in Prague- Czech
Republic, 3rd Department of Internal Medicine, Prague,
Czech Republic

Background: Recent studies have shown that MDI with CGM
is as effective as CSII with CGM for glycemic control im-
provement in patients with T1D. A comparison between MDI
with CGM and an insulin pump equipped with automatic func-
tions in real life conditions is missing.

Objective: The aim of our study was to compare MDI with
CGM vs. CSII with Predictive Low Glucose Suspend (PLGM) in
children with T1D at a sports camp.

Methods: Thirty-three T1D patients (13 males aged 7-14
years) were included in the six-day study at a summer sport
camp. Patients were divided in two groups: PLGM-group
(n = 18) using insulin pump MiniMed�640G with Enlite sensor
and CGM-MDI-group (n = 15) monitored with DexCom G4 or
G5 sensors. All patients had similar physical activities several
times a day. Hypoglycemia was treated with dextrose using an
identical protocol for both groups. All CGM data were uploaded
afterwards and statistically processed.

Results: The groups did not significantly differ in mean
glycemia (7.5 – 1.1 vs 8 – 1 mmol/L for PLGM vs. MDI, re-
spectively; p = 0.2) or time spent in target range 3.9 to
7.8 mmol/L (59 vs 49%; p = 0.06). However, the PLGM group
spent a significantly longer time in the range 3.9 to 10 mmol/L
(80 vs 65%, p < 0.004) and significantly less time in hypogly-
cemia <3.9 mmol/l (3.5 vs 11%, p = 0.008) despite a lesser use
of dextrose for prevention and treatment of hypoglycemia (10g
vs 40g/patient/day; p < 0.02).

Conclusion: Our study showed that the main modality leading
to better glycemic control during and after physical activity is an
insulin pump with PLGM.
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Closed-loop System and Algorithm

ATTD19-0370

GLYCEMIC OUTCOMES AND SYSTEM ADHERENCE
BETWEEN AGE GROUPS IN PEDIATRIC SUBJECTS
USING A HYBRID CLOSED-LOOP PUMP

L. Norlander1, I. Tabatabai1, C. Berget2, M. Sethi2, S. Loebner1,
M. Town1, G. Florenza2, B. Buckingham1

1Stanford University, Pediatric Endocrinology, Palo Alto, USA
2University of Colorado, Barbara Davis Center for Diabetes,
Denver, USA

Objectives: Automated insulin delivery systems help indi-
viduals with Type 1 Diabetes increase euglycemia throughout
day and night. We compared use of the Medtronic MiniMed
670G Hybrid Closed-Loop (HCL) system between children ages
2-6, 7-13, and 14-21 during home use.

Methods: Subjects were grouped into 3 categories, ages 2-6
(N = 18), 7-13 (N = 19), and 14-21 (N = 10). Subjects used the
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670G pump and Guardian 3 Sensor in HCL mode (‘‘Auto
Mode’’). Data was obtained during a 2-week block in the month
after completion of the pivotal trial.

Results: There was significantly higher sensor wear in the
youngest subjects, 94% in 2-6 year olds (yo) vs 87% in 7-13yo
and 14-21yo (p = 0.005), and 2-6yo spent more time in HCL than
7-13yo, 87% vs 74% (p = 0.028). Pump wear was 100% for both
2-6 and 7-13yo, and 93% for 14-21. Percent time <70 mg/dl
was low for all three groups (3.7% for 4–6yo, 2.1% for 7-13yo,
2.9% for 14-21yo). There was no statistical difference in either
time in range (70-180mg/dl, 68% in 2–6yo, 68% in 7-13yo, 60%
in 14-21yo) or mean glucose (158 mg/dl in 2-6yo, 158 mg/dl in
7-13yo, 164 in 14-21yo).

Conclusions: This study found that sensor wear and time
spent in HCL was highest in 2–6yo. All groups maintained low
rates of hypoglycemia, ‡60% time in range, and similar mean
glucose levels. This aligns with our clinical experience that
management of HCL systems in younger children is primarily
done by parents, which helps with adherence. Overall the system
works well in all age groups when it is worn.
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ATTD19-0488

GLYCEMIC OUTCOMES DURING MINIMED 670G
SYSTEM USE IN CHILDREN AGED 2–6 YEARS
WITH T1D

S.W. Lee1, J. Shin2, T. Cordero1, F. Kaufman3

1Medtronic, Medical Affairs, Northridge, USA
2Medtronic, Clinical Research Biostatistics, Northrdige, USA
3Medtronic, Clinical Research and Medical Affairs,
Northridge, USA

Background and Aims: Three-month use of the hybrid-
closed loop MiniMed� 670G system improved glycated he-
moglobin (HbA1c) levels, day and night time glucose variability,
and time in target glucose range (TIR) compared to baseline, in
patients with type 1 diabetes (T1D) aged ‡14 years.1 Recently,
the system was approved for use in patients with T1D aged ‡7
years. Safety of the system when used at home by children with
T1D aged 2-6 years of age was evaluated.

Method: Data from patients (N = 42, 2–6 years of age) who
completed a 2-week baseline run-in phase in open-loop Manual
Mode followed by a three-month study phase with closed-loop Auto
Mode enabled were analyzed. Overall glycemic control and HbA1c
between the baseline run-in and study phase were compared.

Results: The mean – SD HbA1c reduced from 8.0 – 0.9%
(64.0 – 13.9 mmol/mol) to 7.5 – 0.6% (58.5 – 16.9 mmol/mol)
and overall mean TIR (70–180mg/dL [3.9-10mmol/L]) increased
from 55.4 – 13.3% to 63.6 – 9.3%, compared to baseline. Percen-
tage of time spent >180 mg/dL (<10.0 mmol/L) decreased from
41.0 – 14.7% to 33.0 – 9.9% and that £70 mg/dL (<3.9 mmol/L)
decreased from 3.6 – 2.6% to 3.4 – 1.6%.

Conclusion: In-home MiniMed� 670G system use in pa-
tients with T1D 2-6 years of age, similar to that observed in
adults and youth with T1D, has been safe and associated with
improved glycemic metrics.

Reference

1. Garg et al., Diabetes Technol Ther. 2017;19:155–163.
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Devices Focused on Diabetic Preventions

ATTD19-0248

A CONSENSUS MODEL TO IMPROVE THE
PREDICTION OF TYPE 2 DIABETES ONSET:
VALIDATION ON THE MULTI-ETHNIC STUDY
OF ATHEROSCLEROSIS DATA

M. Vettoretti1, E. Longato1, A. Zandonà1, Y. Li2, K. Madondo2,
J. Pagán2, D. Siscovick3, A. Facchinetti1, B. Di Camillo1

1University of Padova, Department of Information Engineering,
Padova, Italy
2The New York Academy of Medicine, Center for Health
Innovation, New York, USA
3The New York Academy of Medicine, Institute for Urban
Health, New York, USA

Objective: Several predictive models of type 2 diabetes
(T2D) onset exist to identify subjects at risk of developing T2D.
However, they often cannot be applied (missing model pre-
diction) because some of their input variables are missing or not
defined for certain groups of subjects (e.g. different racial/age
groups). To overcome this limitation, we developed a consen-
sus model that combined multiple existing models for T2D
onset prediction. We assessed the consensus model validity on
the Multi-Ethnic Study of Atherosclerosis (MESA) dataset.

Method: Subjects without diabetes at MESA entry visit were
divided into a training set (4124 subjects) and a test set (1031
subjects). Eight models of T2D onset from the literature were re-
calibrated using the T2D incidence in the training set and then
applied on the test set. For each subject, the consensus model pre-
diction was obtained as the weighted average of the predictions of
the recalibrated models applicable to that specific subject, assigning
larger weights to the models using variables collected in medical
examinations. Performance metrics were the concordance index (C-
index) and the expected to observed event ratio (E/O). The number
of subjects with missing model prediction (NM) was also assessed.

Results: The consensus model (C-index = 0.825, E/O = 0.828;
NM = 0) presented no missing predictions and performed similar to
the existing model with best discriminatory ability (C-index = 0.828,
E/O = 0.807; NM = 462) and remarkably better than the existing
model with minimum NM (C-index = 0.704, E/O = 0.697; NM = 1).

Conclusion: We proposed a consensus model for T2D onset
prediction, which overcomes the problem of missing values and
produces more robust risk predictions.
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Glucose Sensors

ATTD19-0059

REAL-WORLD REDUCTION OF PROLONGED
HYPOGLYCEMIA WITH FLASH GLUCOSE
MONITORING: THE IMPORTANCE OF SCANNING
AGAIN WITHIN THE NEXT HOUR

T. Danne1, S. Hynes2, Y. Xu3, S. Stoyan2, G. Hayter4, T. Dunn3

1Kinderkrankenhaus auf der Bult, General Pediatrics-
Endocrinology and Diabetes, Hannover, Germany
2Abbott Laboratories, Business Analytics & Strategy, Abbott
Park, USA
3Abbott Diabetes Care, Clinical Affairs, Alameda, USA
4Abbott Diabetes Care, Research & Development, Alameda, USA
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Aims: This analysis evaluates flash glucose monitoring
(Freestyle LibreTM) scan timing following discovery of low
glucose, with the specific aim to determine the reduction of
prolonged hypoglycemia episodes by those who scan within the
hour following a hypoglycemic scan reading.

Materials and methods: De-identified data provided glucose
readings from 40,341 readers and 275,777 sensors. 2.03 million
alert hypoglycemia events (at least two consecutive 15-minute
readings below 70 mg/dL) had a scan during the event. Any
subsequent ‘‘prolonged’’ serious clinically-relevant hypoglyce-
mia (120 or more consecutive minutes below 54 mg/dL) event
was determined, along with the time to the next scan (more than
10 minutes later). Odds ratios of prolonged hypoglycemia were
determined. In addition 20 equal-sized bins rank-ordered by time
to 2nd scan were found, and the fraction of prolonged hypogly-
cemia events was determined for each.

Results: The median time to the next scan was 57 minutes
[mean (SD) 91 (96) minutes, IQR: 27–119 minutes] and 59,109
(2.9%) had subsequent prolonged hypoglycemia. A 2nd scan
within the next 60 minutes reduced the likelihood of prolonged
hypoglycemia by 56% (OR: 0.44, 95%CI 0.43–0.44, p < 0.0001).
The soonest scans had a rate of 1.61% of prolonged hypogly-
cemia, while the latest scans had rate of 9.65% of prolonged
hypoglycemia, a relative rate increase of 599%.

Conclusion: This analysis shows that scanning a 2nd time
within the next hour is effective at reducing the rate of prolonged
hypoglycemia, and that waiting longer increases the rate.
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Glucose Sensors

ATTD19-0060

SHARING OF REAL-TIME CONTINUOUS GLUCOSE
MONITORING DATA IMPROVES DEVICE
UTILIZATION AND GLYCEMIC PARAMETERS
IN YOUTH

M. Derdzinski1, S. Puhr2, J. Welsh2, A.S. Parker1, T. Walker2,
A. Jimenez1, D. Price2

1Dexcom- Inc., Data, San Diego, USA
2Dexcom- Inc., Medical Affairs, San Diego, USA

Background and Aims: Those caring for children and ado-
lescents with diabetes often use glucose concentration and
trending information in management decisions. Continuous
glucose monitoring (CGM) systems from Dexcom� offer real-
time sharing and monitoring capability through the mobile app
feature, Share, and the companion Follow app. We explored
associations between data sharing/monitoring, CGM utilization,
and estimated glucose values (EGVs).

Methods: Anonymized device utilization and EGVs from
a convenience sample of 15,777 mobile app users ages 2–18
years that were voluntarily uploaded in the first half of 2018
were analyzed. Data from patients using the G6 sensor were
excluded. The presence or absence of a real-time monitor
(a ‘‘Follower’’) was established on 6/15/2018. Each day with
‡1 valid EGV was counted as a day of device usage. Between-
group comparisons were made with two-sided Welch’s t-tests
assuming unequal variances.

Results: Overall, 94.8% of the population used the Share
feature and had at least 1 Follower. The mean numbers of
Followers for patients ages 2–5, 6–12, and 13–18 were 2.8,
2.8, and 2.4, respectively. The presence of at least one Fol-
lower was consistently associated with lower mean EGVs,
more EGVs in euglycemia (70–180 mg/dL), fewer EGVs in
hypoglycemia and hyperglycemia, and significantly more
device utilization (Table).

Conclusion: Real-time sharing and following of CGM data
may improve device utilization and glycemic parameters
by facilitating timely interventions by parents and/or care-
givers or by improving self-care behaviors among youth with
diabetes.
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Glucose Sensors

ATTD19-0100

PREDICTIVE FACTORS OF THE ADHERENCE TO
THE REAL-TIME CGM SENSORS: A PROSPECTIVE
OBSERVATIONAL STUDY (PARCS STUDY)

T. Murata1, M. Matsuhisa2, A. Kuroda2, M. Toyoda3,
Y. Hirota4, K. Kato5, H. Sawaki6, A. Tone7, S. Kawashima8,
A. Okada9, N. Sakane10

1NHO Kyoto Medical Center, Diabetes Center, Kyoto, Japan
2Tokushima University, Diabetes Therapeutics and Research
Center-Institute of Advanced Medical Sciences,
Tokushima, Japan
3Tokai University School of Medicine, Division of Nephrology-
Endocrinology and Metabolism-Department of Internal
Medicine, Isehara, Japan
4Kobe University Hospital, Division of Diabetes and
Endocrinology-Department of Internal Medicine, Kobe,
Japan
5NHO Osaka National Hospital, Diabetes Center, Osaka,
Japan
6Arisawa General Hospital, Diabetes Center, Osaka, Japan
7Okayama University Hospital, Diabetes Center,
Okayama, Japan
8Kanda Naika Clinic, n/a, Osaka, Japan
9Okada Clinic, n/a, Fukuoka, Japan
10NHO Kyoto Medical Center, Division of Preventive Medicine-
Clinical Research Institute, Kyoto, Japan

We investigated factors that may influence CGM sensor ad-
herence in a prospective observational study.

Method: Forty-six patients with type 1 diabetes mellitus using
insulin pumps without CGM were recruited. After switching to
the sensor-augmented pump MiniMed 620G (Medtronic, Inc),
they were followed for one year. PAID (20 items) was used to
evaluate the emotional burden of diabetes, and HFS (HFS-B,
HFS-W) was used to evaluate the fear of hypoglycemia. CGM
data was downloaded to PCs for analysis. Patients wearing the
sensor for 60% or more of the time were considered adherent,
whereas those who wore it for less than 60% of the time were
considered non-adherent. P-values less than 0.05 were consid-
ered significant.

Results: Patients were aged 44.0 – 15.0 years old, and 73.9%
were female with a mean HbA1c of 7.7 – 1.0%. The adherent
group comprised 60.9% of the patients. There was no significant
difference in age, gender, BMI, HbA1c, total daily insulin dose,
annual mileage, income, reimbursement, or HFS (HFS-B, HFS-
W) score at baseline between the adherent group and non-adherent
group. The PAID score at baseline was significantly higher in the
adherent group (40.0 – 18.5 vs. 28.3 – 14.1, P = 0.044). No severe
adverse event (hospitalization due to diabetic ketoacidosis or se-
vere hypoglycemia) was observed. There was no significant dif-
ference in the change in HbA1c after 1 year between the groups
(-0.40 – 0.48 vs. -0.25 – 0.50, P = 0.328).

Conclusion: Higher CGM sensor adherence may be associ-
ated with heavier emotional burden of diabetes before starting to
use CGM. (UMIN-CTR: UMIN000016588)
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REAL-WORLD HYPOGLYCEMIA AVOIDANCE WITH
A PREDICTIVE LOW GLUCOSE ALERT DOES NOT
DEPEND ON FREQUENT SCREEN VIEWS

M. Derdzinski1, J. Welsh2, S. Puhr2, A.S. Parker1, T. Walker2,
A. Jimenez1, D. Price2

1Dexcom- Inc., Data, San Diego, USA
2Dexcom- Inc., Clinical Affairs, San Diego, USA

Background: Requiring users to have frequent interaction
with their glucose monitoring devices to improve control is
burdensome. We evaluated hypoglycemia reduction associated
with a predictive low glucose alert to determine its dependence
on screen view frequency in a new integrated continuous glucose
monitoring (iCGM) system.

Methods: We examined estimated glucose values (EGVs)
from a convenience sample of 15,000 patients who used
Dexcom G6 (Dexcom, Inc.) and its mobile app for at least 30
days between 5/1/18–8/31/18 with or without the ‘‘Urgent
Low Soon’’ alert (ULS) enabled. The ULS is activated when
an EGV £55mg/dL is forecasted within 20 minutes. Screen
view frequency was determined as the frequency with which
the trend screen was accessed on the app. Multiple screen
views within any 5-minute interval were counted as one.
Hypoglycemia exposure for patients in the top and bottom
quartiles of screen view frequency (>8.25 and <3.30 per day,
respectively) was calculated as the percentage of EGVs below
various thresholds.

Results: The ULS feature was left in the enabled (default)
state by >93% of users and its use was associated with signifi-
cantly lower frequencies of EGVs <55 and <70 mg/dL, regard-
less of whether patients viewed their screens frequently or
infrequently (Table). There were small (on average less than 2
minutes/day) differences in time in hypoglycemia between in-
frequent and frequent screen viewers.

Conclusion: Features such as the predictive ULS alert of
the G6 CGM system are associated with significant reduc-
tions in hypoglycemic exposure. These benefits do not re-
quire frequent device interactions, unencumbering iCGM
users.

A-22 ATTD 2019 ORAL ABSTRACTS

D
ow

nl
oa

de
d 

by
 4

2.
10

7.
20

2.
11

2 
fr

om
 w

w
w

.li
eb

er
tp

ub
.c

om
 a

t 1
2/

18
/1

9.
 F

or
 p

er
so

na
l u

se
 o

nl
y.

 



055

Glucose Sensors

ATTD19-0188

RELATIONSHIP BETWEEN HBA1C AND ESTIMATED
HBA1C IN PATIENTS WITH TYPE 1 DIABETES USING
FLASH GLUCOSE MONITORING

S. Charleer1,2, C. De Block3, F. Nobels4, C. Mathieu1,
P. Gillard1,5

1University Hospitals Leuven - KU Leuven, Endocrinology,
Leuven, Belgium
2Fonds Wetenschappelijk Onderzoek FWO, SB PhD Fellow,
Brussels, Belgium
3University Hospital Antwerp, Endocrinology,
Antwerp, Belgium
4OLV Hospital Aalst, Endocrinology, Aalst, Belgium
5Fonds Wetenschappelijk Onderzoek FWO, Senior Clinical
Investigator Fellow, Brussels, Belgium

Aims: To analyse the relationship between measured HbA1c
and estimated HbA1c (eA1c).

Methods: Nine hundred thirty-seven adults with type 1 dia-
betes on multiple daily insulin injection (75.6%) or insulin pump
(24.4%) from the FUTURE trial (NCT02898714) were included.

HbA1c was measured using Tosoh G8 HPLC Analyzer
(Biosciences, Inc., CA) and eA1c was derived from four weeks
FreeStyle� Libre� (Abbott Diabetes Care, CA) data at two time
points, 6 months apart. Haemoglobin glycation index (HGI) was
calculated as HbA1c-eA1c (both expressed as %) and values of
–0.42% (–3SD) were defined significant.

Results: Although HbA1c and eA1c correlated at both time
points (r = 0.814, p < 0.0001; r = 0.800, p < 0.0001), up to 49.2%
and 56.9% of paired samples differed >j0.42%j, respectively.
Bland-Altman plots suggest a proportional bias to more negative
HGI values for higher HbA1c. HGI grid-analysis (figure 1)
shows 20.3% of patients with HGI >0.42% (zone B) and 8.4% of

patients with HGI <-0.42% (zone C) at both time points, sug-
gesting a fast and slow glycosylation phenotype, respectively.
Thirty-five patients first presented with a positive difference and
second a negative difference (zone D) or vice versa (zone A). In
most patients (68%) an aberrant eA1c calculation due to missing
sensor data (data capture 68.2 – 15.8% vs 88.7 – 15.8% for whole
group, p < 0.0001) or possible false low glucose measurements
during nights accounted for this conversion.

Conclusion: HbA1c and eA1c are correlated but often major
differences exist between both parameters resulting from varia-
tions in glycosylation phenotype or aberrant eA1c calculation.
Both parameters are therefore not interchangeable and should be
used complementary.
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ASSESSMENT OF THE PERFORMANCE OF AN
IMPLANTABLE CGM SYSTEM WITH A NEW
GLUCOSE CALCULATION ALGORITHM

M. Christiansen1, T. Bailey2, L. Klaff3, R. Brazg4, A. Chang5,
C. Levy6, D. Lam6, D. Denham7, B. Bode8, R. Rastogi9,
K. Tweden10

1Diablo Clinical Research Inc, Endocrinology, Walnut
Creek, USA
2AMCR Institute, Endocrinology, Escondido, USA
3Rainer Clinical Research Center, Endocrinology, Renton, USA
4Rainer Clinic Research Center, Endocrinology, Renton, USA
5John Muir Health Clinical Research Center, Endocrinology,
Concord, USA
6Mount Sinai Diabetes Center, Endocrinology, New York, USA
7Clinical Trials of Texas, Endocrinology, San Antonio, USA
8Atlanta Diabetes Associates, Endocrinology, Atlanta, USA
9Senseonics, Clinical Engineering, Germantown, USA
10Senseonics, Clinical Sciences, Germantown, USA

Background: PRECISE II was a prospective, multi-center
blinded study that evaluated safety and accuracy of the novel
implantable Eversense CGM system through 90 days of con-
tinuous sensor wear in participants with type 1 or type 2 diabetes
(T1D, T2D). A mean absolute relative difference (MARD) of
8.8% with positive safety was achieved.

Methods: The glucose calculation algorithm (referred to as
SW602) was updated after the conduct of the study. The algo-
rithm converts raw data collected by the Sensor into glucose
readings. Changes within SW602 algorithm targeted accuracy
improvement in 1) early Sensor life and 2) hypoglycemic range
throughout the Sensor life. The efficacy measures of percent of
system agreement within 15 mg/dL or 15% of Yellow Springs
Instrument (YSI) reference glucose measurements (15/15%
metric) and MARD between paired Eversense and YSI reference
measurements through 90 days were evaluated with SW602.

Results: Ninety participants received the CGM system.
SW602 applied to the PRECISE II raw sensor data (15,753
matched pairs) resulted in 87% of CGM values within 15/15% of
reference values over the total glucose range of 40–400 mg/dL.
Performance in the very low hypoglycemic range (<54 mg/dL)
showed 89% of CGM values within 15mg/dL. The overall
MARD value against reference glucose values improved to 8.5%
(95% CI: 8.0, 9.1).
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Conclusions: The new glucose calculation algorithm,
SW602, applied to the PRECISE II study sensor values of
Eversense CGM system demonstrated an improved MARD of
8.5% compared to 8.8% with the original software through the
sensor’s 90 days wear time.
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ATTD19-0280

INCREASING USE OF CONTINUOUS GLUCOSE
MONITORING (CGM) AMONG ADULTS WITH TYPE 1
DIABETES: DIFFERENCES BETWEEN THE US T1D
EXCHANGE REGISTRY AND THE
GERMAN/AUSTRIAN DPV INITIATIVE

J. Hermann1,2, K. Miller3, I. Schütz-Fuhrmann4, D. DeSalvo5,
R. Holl1,2, D. Maahs6

1University of Ulm, Institute of Epidemiology and Medical
Biometry-ZIBMT, Ulm, Germany
2German Center for Diabetes Research DZD, German Center
for Diabetes Research DZD, Munich-Neuherberg, Germany
3Jaeb Center for Health Research, Jaeb Center for Health
Research, Tampa, USA
4City Hospital Hietzing, Department of Endocrinology,
Vienna, Austria
5Baylor College of Medicine/Texas Children’s Hospital, Section
of Pediatric Diabetes & Endocrinology, Houston, USA
6Stanford University School of Medicine, Department of
Pediatrics, Stanford, USA

Objectives: To assess change in CGM use over the past seven
years in adults with type 1 diabetes (T1D) in the US T1D Ex-
change (T1DX) and the German/Austrian DPV registries.

Methods: Data from N = 39,627 adults (‡18 years, T1D duration
‡1 year) were analyzed (DPV: N = 23,034; T1DX: N = 16,593).
Percentage of CGM use in the years 2011, 2013, 2015, and 2017 was
analyzed by registry, age group (18£26, 26£50, 50£65, ‡65 years),
and insulin delivery method (pump, injections). Multiple linear re-
gression was used to compare mean HbA1c by CGM use.

Results: Overall frequency of CGM use increased from 11% in
2011 to 32% in 2017 in the T1DX, and from 9% to 21% in the
DPV. Increase in CGM use was observed across all age groups for
T1DX, but only in young adults (18£26 years) in the DPV (5% in
2011 vs. 30% in 2017, p < 0.001; Figure, upper panel). CGM use
was more frequent in pump vs. injection users across all years in the
T1DX (Figure, lower panel, all p < 0.001), but only in 2011 and
2017 in the DPV (both p < 0.001). In 2017, mean HbA1c, adjusted
for age and gender, was lower in CGM users vs. non-users in both
registries (T1DX: 7.7 vs. 8.4%; DPV: 7.7 vs. 8.1%, both p < 0.001).

Conclusions: CGM use has increased considerably among
adults with T1D in the T1DX, but less so in DPV with the ex-
ception of the young adult age group. The differences in CGM
use are likely reflective of differences in insurance coverage,
provider beliefs and patient preferences.
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CGM AT DIAGNOSIS OF TYPE 1 DIABETES: IMPACT
ON GLYCEMIC AND PSYCHOSOCIAL OUTCOMES

S. Hanes1, R.P. Wadwa2, S.M. Clay2, I. Weber2, G. Forlenza2,
B. Buckingham1, L. Nally1, K.K. Hood1

1Stanford University, Pediatrics, Palo Alto, USA
2University of Colorado, Pediatrics, Aurora, USA

Initiation of CGM is shifting closer to onset of type 1 diabetes
(T1D). This pilot RCT assessed the impact of non-adjunctive CGM
use on youth recently diagnosed with T1D and their caregivers.

Data from 55 study participants, ages 2-17 (11.1– 3.6 years, 50%
female, 69% non-Hispanic white) and a caregiver were collected at
baseline, 3 and 6 months. Participants were randomized 2:1 to in-
tervention (n = 42, started Dexcom G5 within 40 days of diagnosis)
or control (n = 13, no real-time CGM and use blinded Dexcom G4
for 1 week/month for 6 months). Parents completed online validated
surveys about their diabetes-related distress (PAID-PR) and confi-
dence to manage hypoglycemia (Hypoglycemia Confidence) in
their children, and what they perceived as their child’s health-related
quality of life (QOL; PedsQL Proxy). HbA1c was collected at each
time point.

There were no significant differences at 6 months in time-in-
range (70–180mg/dL) or HbA1c, but the CGM group spent sig-
nificantly less time <70mg/dL at 3 months (2% vs 7%, p < 0.001)
and at 6 months (2% vs 5%, p = 0.002). Further, parents with
children using CGM had significantly greater confidence in
managing hypoglycemia (p = 0.02) than controls. However, a
trend toward greater perceived diabetes-related distress in CGM
parents versus controls was also observed (p = 0.05). Both groups
reported steadily increasing QOL over six months; no differences
between the groups.

Results highlight benefits of CGM early in the T1D course
on hypoglycemia and caregiver confidence in managing hy-
poglycemia across multiple situations, yet caregivers likely
need additional support to cope with additional burden of using
real-time CGM.
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ATTD19-0379

EFFECTIVENESS AND SAFETY OF A NOVEL
PERCUTANEOUS OPTICAL FIBER CONTINUOUS
GLUCOSE SENSOR (FIBERSENSE) IN CLINIC AND
HOME USE IN INDIVIDUALS WITH DIABETES AND
PREDIABETES

E. Chow1, A.O. Luk1, J. Ng2, V. Lee3, L. Kriváneková4,
R. Krivánek4, V. Tsui3, A. Müller4, J.C. Chan1

1The Chinese University of Hong Kong, Department of
Medicine and Therapeutics, Hong Kong, Hong Kong S.A.R.
2Prince of Wales Hospital, Department of Medicine, Hong
Kong, Hong Kong S.A.R.
3Powder Pharmaceuticals- Inc., Powder Pharmaceuticals- Inc.,
Hong Kong, Hong Kong S.A.R.
4EyeSense GmbH, EyeSense GmbH, Großostheim, Germany

Objective: To evaluate the effectiveness and safety of the
FiberSense, system, a percutaneous fiber-optic real-time con-
tinuous glucose sensor for home use in diabetic and prediabetic
individuals for 29 days.

Methods: 8 type 1, 10 type 2 insulin-treated diabetic and 4
prediabetic individuals were enrolled. 4 additional insulin-treated
diabetes patients on peritoneal dialysis with icodextrin were en-
rolled to evaluate maltose interference. Each wore a FiberSense
sensor on the upper arm or abdomen for up to 29 days. Subjects
attended four in-clinic measurement sessions on days 1, 7, 14 and 28
where FiberSense readings were compared against a standard lab-
oratory method (YSI glucose) every 10 minutes during a glucose
challenge. Self-monitored capillary blood glucose was performed at
least four times a day. Non-dialysis subjects wore a commercial
comparator CGM (Dexcom G4) during one of the study weeks.

Results: In an analysis of 19 (16 diabetes, 3 prediabetes)
subjects who completed up to 29 days of sensor wear (mean 28.4
days; 10 on abdomen and 9 on upper arm), the pooled mean
absolute relative difference (MARD) against YSI glucose was
14.9% (15.5%; 95%CI upper bound) across the full glycemic
range (n = 1716) as compared to MARD 15.1% (16.4%, 95%CI
upper bound) (n = 511) with Dexcom CGM. Consensus Error
Grid analysis yielded 99.6% of paired FiberSense measurements
in zones A plus B. There were no serious device-related adverse
events or sensor site reactions.

Conclusions: These early results provide encouraging evidence
that FiberSense CGM is acceptable and comparable in clinical
accuracy to existing commercial CGM over 29-day home use.
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DIFFERENCES BETWEEN INTERSTITIAL AND
CAPILLARY GLUCOSE DURING DIFFERENT TYPES
OF SUPERVISED EXERCISE

A. Girelli1, S. Bonfadini1, E. Cimino1, M. Saullo1, L. Correale2,
E. Ricagno2, O. Ferraro3, V. Natalucci4, M. Vandoni2

1UO Diabetologia, ASST Spedali Civili, Brescia, Italy
2Laboratory of Adapted Motor Activity LAMA- Department of
Public Health- Experimental Medicine & Forensic Science,
University of Pavia, Pavia, Italy

3Unit of Biostatistics and Clinical Epidemiology- Department of
Public Health- Experimental Medicine & Forensic Science,
University of Pavia, Pavia, Italy
4Department of Biomolecular Science, Carlo Bo University,
Urbino, Italy

Continuous and flash glucose monitoring (CGM and FGM)
accuracy may be altered by posture and by metabolic changes in
interstitial fluid glucose concentrations during exercise. The aim
of the study is to evaluate difference in the interstitial and blood
glucose during different type and intensity of exercise. 20 sub-
jects (12F/8M, 46.4 – 13.5years, 5CGM, 15FGM) with type 1
diabetes have been recruited for a 3-day educational camp fo-
cused on physical activity (PA) and management of insulin in-
tensive therapy (CSII/MDI). Subjects wore heart-rate monitor
during exercise sessions and recorded glycaemic values both
with sensor and capillary measurement. All subjects performed
activities: low intensity walking, moderate to vigorous intensity
jogging and high intensity (uphill running) and a mixed-intensity
activity (mountain hike) for 6 hours. The operator collected data
before, during and after every training session. Variables are
summarized as median and IQR. Concordance were tested using
a nonparametric method (Kendall’s test). During every task re-
corded capillary and sensor values were concordant (blood glu-
cose vs sensor pre exercise p = 0,017, post p = 0,013). Analyzing
the data according to the type of sensor, we found a constant
concordance for the values measured with FGM (p < 0.05). We
found a greater discrepancy, in all types of exercise, both with
FGM and with CGM, when blood glucose values above
180mg/dl. During exercise sessions on field there is a good
concordance between interstitial and blood glucose values even
if significative differences were found for higher glycemic val-
ues. This phenomenon could lead to bias in insulin management
and it requires in-depth studies.
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ADOLESCENTS AND YOUNG ADULTS WITH TYPE 1
DIABETES (T1D) EXPERIENCE SUBSTANTIAL
GLYCEMIC VARIABILITY

L. Kanapka1, K. Miller1, L. Laffel2

1Jaeb Center for Health Research, CITY Study, Tampa, USA
2Joslin Diabetes Center- Harvard Medical School, Pediatric
and Adolescent Section, Tampa, USA

Objectives: Teens and young adults (YAs) with T1D have
previously demonstrated inconsistent use of continuous glucose
monitors (CGM). Given improved CGM performance of modern
devices, we initiated an RCT to compare CGM use with BG
monitoring on A1c outcomes in 14-24 year olds with T1D. We
analyzed blinded CGM data collected at baseline in the trial to
assess glycemic indices.

Methods: Data from 138 young persons across 14 sites in the
USA were summarized. Major eligibility criteria for the RCT
included ages 14£25 yrs, T1D duration ‡1 year, no use of CGM
in previous 3 months, and A1c 7.5% to <11.0% (58£97 mmol/
mol). All participants wore a blinded Dexcom G4 CGM (505
algorithm) for up to 14 days to collect at least 200 hours of CGM
data.
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Results: Participants (49% male) had a median age 18 yrs and
median T1D duration 9 yrs; 61% were non-Hispanic white, 60%
had private health insurance, 55% used insulin pumps, and 34%
used CGM in the past. Median BG monitoring was 4 X/day and
mean A1c was 8.9 – 1.0% (74 – 10.9 mmol/mol). Mean CGM
glucose was 213 mg/dL(11.8 mmol/L) with median coefficient of
variation (CV) 42% (IQR 37–46%). Teens/YAs spent majority of
time in hyperglycemic range and <1 hour/D in hypoglycemic
range (Table).

Conclusions: Given that the overwhelming majority of
teens/YAs fail to achieve target A1c levels, use of CGM offers an
opportunity to guide T1D management in order to increase
glucose time in range and reduce glycemic variability; strategies
to maximize CGM use are needed.

062

Informatics in the Service of Medicine; Telemedicine,
Software and other Technologies

ATTD19-0324

EARLY DETECTION OF HYPOGLYCEMIA IN TYPE 1
DIABETES USING HEART RATE VARIABILITY
MEASURED BY A WEARABLE DEVICE

M. Koeneman1, M. Olde Bekkink1, B.E. de Galan1, S.J. Bredie1

1Radboud university medical center, Internal medicine,
Nijmegen, The Netherlands

Objectives: People with type 1 diabetes (T1D) are at risk of
severe hypoglycemia. Changes in heart rate variability(HRV)
occur at the initiation of hypoglycemia due to sympathetic
nervous system activity. We investigated the use of HRV
detection by a wearable device as an early alert for hypo-
glycemia.

Research Design And Methods: Proof of principle study
including 23 patients with T1D (14 women, mean age 42 – 11
years, mean diabetes duration 26 – 10 years). Patients were
asked to wear the VitalConnect HealthPatch during five con-
secutive days. Hypoglycemic eventswere defined as glucose
£70 mg/dL (£3.9 mmol/l) by finger stick measurement and
verified by continuous glucose monitoring. HRV was ana-
lyzed in standardized periods before a hypoglycemia was
recorded.

Results: Sixty-six hypoglycemic events were recorded.
Hypoglycemia caused a detectable increase in LF:HF and/or
decrease in RMSSD in 36 (55%) of the hypoglycemic events.
Eighteen hypoglycemic events (27%) showed a decrease in
LF:HF or an increase in RMSSD. Ten events (15%) were un-
classified. There were 2 events (3%) that clearly did not display

a change in HRV. Physical activity, glucose peak level before
hypoglycemia, sex, diabetes duration and rate of declining
glucose level all affected the difference LF:HF in linear
modeling.

Conclusion: Hypoglycemic events cause early changes in
HRV that can be detected by a wearable device in patients with
type 1 diabetes. Measuring real time HRV seems promising for
early detection of hypoglycemic events in people with diabetes.
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ATTD19-0334

LEVERAGING A BIG DATA SET TO DEVELOP A
MACHINE LEARNING ALGORITHM TO PREDICT
HYPOGLYCEMIA IN TYPE 1 DIABETES

C. Mosquera-Lopez1, R. Dodier1, N. Resalat1, N. Tyler1,
P. Jacobs1

1Oregon Health & Science University, Department of
Biomedical Engineering, Portland, USA

Background: We developed a machine-learning-based pre-
dictive algorithm for people with Type 1 Diabetes (T1D) that
incorporates past glucose measurements and insulin doses to
alert patients to hypoglycemia 30 minutes in advance.

Methods: We trained a long-short-term-memory recurrent
neural network using historic continuous glucose monitoring
(CGM) values and optionally insulin data to predict glucose
concentrations along a 30-minute prediction horizon. We used
a subset of the 4,000+ Tidepool Big Data Donation Dataset
(TBDDD) to optimize the network. The subset of the TBDDD is
a repository that contains information from 124 T1D data do-
nors (age 31 – 19 years, 15 – 14 years since diagnosis), corre-
sponding to 27,466 days of time-date-matched CGM and
insulin dosed to people using multi-vendor CGM and pump
devices.

Results: We evaluated the accuracy of the algorithm on a
separate dataset collected from 10 people with T1D during a
4-week trial under free-living sensor-augmented insulin-
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pump therapy (age 34 – 6 years, 6F, 31 – 20 hypoglycemia
events). The algorithm predicted 99% of glucose values
within the A region of the Clarke Error grid (RMSE = 7.55
mg/dL, MAE = 4.89 mg/dL). The algorithm predicted hypo-
glycemia with an accuracy of 90.87 – 0.06% with less than 1
false positive per week, surpassing the performance reported
by commercial CGM algorithms. Incorporating insulin as an
extra feature into the algorithm improved accuracy by 1%,
indicating that CGM alone can yield excellent prediction re-
sults (t = -2.49, p = 0.03).

Conclusions: Hypoglycemia can be accurately predicted 30
minutes in advance using machine-learning models trained on
big-data sets, yielding prediction accuracy that surpasses state-
of-the-art technologies when evaluated on an independent data-
set.

064

Informatics in the Service of Medicine; Telemedicine,
Software and other Technologies

ATTD19-0360

SIMPLE, MOBILE BASED ARTIFICIAL
INTELLIGENCE ALGORITHM IN THE DIAGNOSIS OF
DIABETIC RETINOPATHY

B. Sosale1,2, A. Sosale1,2, H. Murthy3, M. Naveenam3

1Diacon Hospital, Diabetology, Bangalore, India
2Primer Academy of Medical Sciences, Medical Education,
Bangalore, India
3Retina Institute of Medical Sciences, Ophthalmology,
Bangalore, India

Background: Screening is key for early detection of diabetic
retinopathy (DR). The aim of this study is to evaluate the per-
formance of an offline artificial intelligence (AI) algorithm for
the diagnosis of DR.

Methods: Dilated retinal images of 304 patients with diabetes
were captured using the Remidio smart-phone based fundus

camera at Diacon Hospital, Bangalore, India. The images were
graded by an ophthalmologist as per the International Diabetic
Retinopathy Classification System. Images [posterior pole
(macula centered), nasal field and superotemporal field of each
eye of each patient] were run offline on the AI software devel-
oped by Medios Technologies. The diagnosis of the AI was
compared with the ophthalmologist’s diagnosis.

Results: Analysis included images from 297 patients (7 clin-
ically ungradable), of which 121 had DR. Performance (fig ROC)
of the AI for referable cases of DR [moderate non-proliferative
DR (NPDR) or more severe disease or the presence of diabetic
macular edema (DME)] was as follows - Sensitivity 98.84%
(95% CI 97.62%–100%), Specificity: 86.73% (95% CI 82.87%–
90.59%). Performance of the AI for all cases of DR (mild NPDR
or more severe disease or the presence of DME) was as follows -
Sensitivity: 86.78% (95% CI 82.92%–90.63%), Specificity:
95.45% (95% CI 93.09%–97.82%). Sensitivity for the diagnosis
of severe NPDR, proliferative diabetic retinopathy and DME was
100%.

Conclusion: The Medios AI can open up new doors to make
DR screening more accessible. Larger studies are required for
further validation.
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ATTD19-0388

USING A SUPPORT VECTOR REGRESSION MODEL
TO PREDICT NOCTURNAL HYPOGLYCEMIA IN
PATIENTS WITH TYPE 1 DIABETES

C. Mosquera-Lopez1, R. Dodier1, N. Tyler1, L. Wilson2,
J. El Youssef2, J. Castle2, P. Jacobs1

1Oregon Health & Science University, Department of
Biomedical Engineering, Portland, USA
2Oregon Health & Science University, Harold Schnitzer
Diabetes Health Center, Portland, USA

Background: We present a support vector regression (SVR)
model to predict nocturnal hypoglycemia (<70 mg/dL) prior to
bedtime in patients with type 1 diabetes (T1D) using continuous
glucose monitoring (CGM).

Methods: We trained an SVR model to predict the minimum
nocturnal glucose concentration (MNGC) using CGM-derived
features. Key features included the glucose at bedtime, mean
glucose computed for time frames of 1 to 15 hours before bed-
time, and time in hyperglycemia (>180 mg/dL) during 6 hours
prior to bedtime. Model parameters were tuned using a subset of
the Tidepool Big Data Donation Dataset that contains over
27,000 days of CGM data from 124 T1D donors (age 31 – 19
years, 15 – 14 years since diagnosis).

Results: Performance was evaluated on data from 10 T1D
patients collected during a 4-week trial under free-living sensor-
augmented insulin-pump therapy (age 34 – 6 years, 6F, 18 – 10
years since diagnosis). Carbohydrates were not consumed after
bedtime for 115 nights and these were considered for evalua-
tion. The SVR model was able to predict 86.84% of nocturnal
hypoglycemia events by setting a minimum predicted MNGC
of 100 mg/dL. There was high correlation between the ac-
tual and predicted MNGC (R = 0.76, p < 0.01); the RMSE was
28.24 mg/dL.
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Conclusions: CGM data is useful when developing a SVR
model to predict nocturnal hypoglycemia using the MNGC in
patients with T1D. The proposed model can be used as a decision
support tool to help patients decide whether hypoglycemia
treatment recommendations are given to patients before bedtime
to prevent nocturnal hypoglycemia.
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ATTD19-0014

PREDICTORS OF AN INCREASED TIME IN RANGE IN
TYPE 1 DIABETES PATIENTS ON SENSOR-
AUGMENTED INSULIN PUMP WITH PREDICTIVE
LOW-GLUCOSE SUSPEND FUNCTION: A REAL-
WORLD DATA ANALYSIS

P. Beato-Vı́bora1, C. Quirós-López2, L. Lázaro-Martı́n1,
M. Martı́n-Frı́as3, R. Barrio-Castellanos3, E. Gil-Poch4,
F.J. Arroyo-Dı́ez4, M. Giménez-Álvarez2

1Badajoz University Hospital, Endocrinology, Badajoz, Spain
2Hospital Clinic i Universitari, Diabetes Unit, Barcelona, Spain
3Ramón y Cajal Hospital, Paediatric Diabetes Unit,
Madrid, Spain
4Badajoz University Hospital, Department of Paediatrics,
Badajoz, Spain

Background and aims: The aim was to analyse the effect of
the sensor-augmented pump with predictive low-glucose sus-
pend function (SAP-PLGS) on the percentage of time in range
70–180 mg/dl (TIR) in sensor data in real-life clinical practice.

Material and Methods: All the type 1 diabetes patients
treated with SAP-PLGS at 3 referral hospitals were evaluated.
Fourteen days of data from SAP-PLGS downloads were analysed
and percentage of TIR (70–180 mg/dl), time <54 mg/dl, <70 mg/dl,
>180 mg/dl and >250 mg/dl were calculated.

Results: 162 patients were included, 46 children, median time
on SAP-PLGS: 12 months, age: 32 – 17 years, 62% females,
diabetes duration: 19 – 13 years, HbA1c: 7.1 – 0.7%.

TIR was 67 – 13%, <54 mg/dl: 0.9 – 1.0%, <70 mg/dl:
3.4 – 2.7%, >180 mg/dl: 30 – 14% and >250 mg/dl: 7.4 – 6.9%.
TIR was significantly higher in children compared to adults
(71 – 11% vs. 66 – 14%, p = 0.013) and time >180 mg/dl was
significantly lower in children (26 – 12% vs. 31 – 15%, p = 0.011).
The sensor use was 6.0 – 0.8 days/week.

Differences between patients with TIR in the lowest quartile
(<59%) and patients in the highest quartile (>77%) were esti-
mated (Table 1). In a multivariate logistic regression analysis, the
predictors of a higher TIR were a lower HbA1c before SAP-
PLGS (p = 0.001), a higher percentage of bolus insulin before
SAP-PLGS (p = 0.003) and a higher time in suspension ‘‘before
low’’ during SAP-PLGS therapy (p = 0.001).

Conclusion: SAP-PLGS achieves an high percentage of time
in range in children and adults in a real-world clinical setting.
Predictors of an increased percentage of time in range could help
to select the optimal candidates for the system.
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ATTD19-0097

GLUCOSE TIME-IN-RANGE AFTER TYPE 1 DIABETES
EDUCATION IS NOT DIFFERENT BETWEEN ADULTS
USING INSULIN PUMPS AND MULTIPLE DAILY
INJECTIONS

S. McAuley1,2, S. Vogrin1, M. Lee1,2, B. Paldus1, L. Bach3,4,
M. Burt5,6, P. Clarke7, N. Cohen8, P. Colman9,
M. de Bock10,11,12, C. Hendrieckx13,14, D. Holmes-Walker15,16,
J. Horsburgh2, A. Jenkins1,2,17, J. Kaye18, A. Keech17,
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K. Kumareswaran3,8, R. MacIsaac1,2, R. McCallum19, C. Sims1,
J. Speight13,14, S. Stranks5,6, S. Trawley14,20, G. Ward2,21,
V. Sundararajan1, T. Jones10,11,12, D. O’Neal1,2

1University of Melbourne, Department of Medicine,
Melbourne, Australia
2St Vincent’s Hospital Melbourne, Department of
Endocrinology & Diabetes, Melbourne, Australia
3Alfred Hospital, Department of Endocrinology and Diabetes,
Melbourne, Australia
4Monash University, Department of Medicine Alfred,
Melbourne, Australia
5Flinders Medical Centre, Southern Adelaide Diabetes and
Endocrine Services, Adelaide, Australia
6Flinders University, School of Medicine, Adelaide, Australia
7University of Melbourne, Melbourne School of Population and
Global Health, Melbourne, Australia
8Baker Heart and Diabetes Institute, Diabetes,
Melbourne, Australia
9Royal Melbourne Hospital, Department of Diabetes and
Endocrinology, Melbourne, Australia
10Princess Margaret Hospital for Children, Department of
Endocrinology and Diabetes, Perth, Australia
11University of Western Australia, School of Paediatrics and
Child Health, Perth, Australia
12University of Western Australia, Telethon Kids Institute,
Perth, Australia
13Deakin University, School of Psychology, Geelong, Australia
14Australian Centre for Behavioural Research in Diabetes,
Diabetes, Melbourne, Australia
15Westmead Hospital, Department of Diabetes and
Endocrinology, Sydney, Australia
16University of Sydney, Sydney Medical School,
Sydney, Australia
17University of Sydney, NHMRC Clinical Trials Centre,
Sydney, Australia
18Sir Charles Gairdner Hospital, Department of Endocrinology
and Diabetes, Perth, Australia
19Royal Hobart Hospital, Department of Diabetes and
Endocrinology, Hobart, Australia
20Cairnmillar Institute, Psychology, Melbourne, Australia
21University of Melbourne, Department of Pathology,
Melbourne, Australia

Background: Insulin pumps provide greater dosing flexibility
than multiple daily injections (MDI), albeit at greater expense.
We compared sensor glucose levels after type 1 diabetes (T1D)
education among adults with T1D using insulin pumps versus
MDI.

Methods: Adults aged 25–70 years with T1D using pre-
existing pump therapy or MDI (and willing to consider pump), not
currently using real-time continuous glucose monitoring (CGM),
were eligible. Those using MDI were given glucose meters in-
corporating a bolus dose calculator (Accu-Chek� Aviva Expert,
Roche). All participants received diabetes and carbohydrate-
counting education with insulin dosing advice, then wore masked
CGM (Enlite� Sensor 3, Medtronic) for 3 weeks. The primary
outcome was CGM time-in-range of 3.9–10.0 mmol/L.

Results: Ninety-two adults participated (49 women; mean –
SD age 45 – 12 years; BMI 26.2 – 4.5 kg/m2; HbA1c 7.8 – 1.0%
[62 – 11 mmol/mol]). There were no significant differences in
sex, age, BMI or HbA1c between pump (n = 48) and MDI (n = 44)
users. After T1D education, there were no significant CGM dif-
ferences between pump and MDI users: time-in-range 54 – 12%
vs 53 – 13% ( p = 0.56); mean sensor glucose 9.6 – 1.4 mmol/L vs

9.6 – 1.4 mmol/L ( p = 0.99); CGM coefficient of variation
39 – 5% vs 40 – 7% ( p = 0.47); median [IQR] glucose time
<3.9 mmol/L 4.2% [1.3–7.6%] vs 4.2% [2.4–7.7%] ( p = 0.45);
nor for time in any hypoglycaemic or hyperglycaemic range, or
any CGM metrics during day or night only. However, a trend
towards less nocturnal hypoglycaemia associated with pump
therapy was observed.

Conclusions: Among adults with T1D, after T1D education
and insulin dosing advice, individuals using MDI can achieve
equivalent time-in-range to pump users in the absence of real-
time CGM.
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ATTD19-0130

ULTRA RAPID LISPRO (URLI) SHOWS FASTER
INSULIN ABSORPTION AND IMPROVED
POSTPRANDIAL GLUCOSE LOWERING VS LISPRO
DURING INSULIN PUMP USE IN PATIENTS WITH T1D

C. Kazda1, J. Leohr2, R. Liu3, T. Hardy4, S. Reddy2, S. Chua5,
X. Guo6, U. Hövelmann7, C. Kapitza7

1Eli Lilly and Company, Endocrinology Exploratory Medicine,
Neuilly-sur-Seine, France
2Eli Lilly and Company, Global PK/PD & Pharmacometrics,
Indianapolis, USA
3Eli Lilly and Company, Statistics-Diabetes, Indianapolis, USA
4Eli Lilly and Company, Medical-Diabetes/Endo- Insulins and
Devices, Indianapolis, USA
5Eli Lilly and Company, Clinical Pharmacology,
Singapore, Singapore
6Eli Lilly and Company, Computational Stats-Diabetes,
Indianapolis, USA
7Profil, Profil Institut für Stoffwechselforschung GmbH,
Neuss, Germany

URLi (LY900014), a novel ultra-rapid mealtime insulin in
Phase 3 development, is shown to reduce postprandial glucose
after subcutaneous injection. This study evaluated the pharma-
cokinetics and pharmacodynamics (PD) of URLi via continuous
subcutaneous insulin infusion (CSII) (Medtronic 640G). In a
double-blind, randomized cross-over study, 24 adult patients
with T1D received URLi or lispro (Humalog�) for 3 days. Mixed
meal tolerance tests (MMTT) were conducted on Days 1 & 3
after catheter insertion using a standard (1.5 U/min) single-wave
bolus with the same individualized doses.

URLi showed faster insulin lispro absorption on both days
compared to lispro. URLi reduced time to early half-maximal
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drug concentration by 37% (-8.5 min) and 32% (-5.3 min)
compared to lispro on Days 1 and 3 (both p < 0.0001). Area under
the insulin lispro concentration time curve (AUC) for the first
15 min was >50% higher than lispro after dosing with URLi on
Days 1 and 3 (p < 0.005).

URLi reduced 1-hour postprandial glucose excursion during
the MMTT by 45% on Day 1 (p = NS) and 47% on Day 3
(p = 0.059) compared with lispro (Fig). Accelerated URLi ab-
sorption was associated with trends toward lower postprandial
glucose excursion for the entire MMTT (57% and 20% reduc-
tions in DAUC [0–5h] on Days 1 & 3; both NS). The study was
not powered for PD assessment which may contribute to the lack
of statistical significance.

No differences were seen in the number or severity of hypo-
glycemic events or local tolerability between URLi and lispro.
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ATTD19-0164

PRELIMINARY ANALYSIS OF THE USE OF
PREDICTIVE LOW GLUCOSE MANAGEMENT
ALGORITHM IN PREGNANCIES OF WOMEN WITH
TYPE 1 DIABETES

A. Caretto1, N. Dozio2, L. Patti1, M. Castiglioni Teresa3,
S. Rosa3, C. Cellai1, E. Bosi2, M. Scavini2, A. Laurenzi1

1San Raffaele Scientific Institute, Department of Internal
Medicine- Diabetes & Endocrinology Unit, Milan, Italy
2San Raffaele Scientific Institute, Diabetes Research Institute,
Milan, Italy
3San Raffaele Scientific Institute, Department of Obstetrics and
Gynaecology, Milan, Italy

Background: Meticulous glycemic control in pregnant wo-
men with type 1 diabetes (T1D) is crucial. However, tight control
exposes pregnant women to an increased risk of hypoglycemia.
We studied the effects on glucose patterns in women using
sensor integrated pumps with predictive low-glucose manage-
ment (PLGM) algorithm.

Methods: We retrospectively analyzed anonymized data from
7 pregnant T1D women using MiniMed 640G system and fol-
lowed at our Diabetes and Pregnancy Clinic between March
2017 and March 2018, who voluntarily uploaded data on the
Carelink platform during each trimesters of pregnancy (tr1, tr2
and tr3).

Results: Patient compliance with CGM use increased in each
trimester, from a mean of 69% of the time in tr1 to 90% in tr3.
The median PLGM suspensions per patient daily was 3.3 (2.5 –
4.4). The percentage of PLGM suspensions that prevented glu-
cose values <70 mg/dL at any time of the day was 71%, 72%, and
77% in tr1, tr2 and tr3, respectively. Effectiveness in preventing
hypoglycemia was higher when the suspension was not preceded
by a bolus in the previous two hours. The use of PLGM resulted
in a median time spent <70 mg/dL or <55 mg/dL of 3.9% (1.2 –
4.6) and of 0.7% (0.1–1.1), respectively.

Conclusions: PLGM appears to be effective in preventing
hypoglycemia and could be a useful tool to improve glucose
management in pregnant women with T1D. As documented
outside pregnancy, the effectiveness of PLGM is higher when
hypoglycemia results from an inadequate basal rate, rather than
an inadequate bolus.
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EFFECT OF NATIONWIDE REIMBURSEMENT OF
SENSOR-AUGMENTED PUMP THERAPY IN A
PAEDIATRIC TYPE 1 DIABETES POPULATION ON
HBA1C, HYPOGLYCAEMIA AND QUALITY OF LIFE:
THE RESCUE-PAEDIATRICS STUDY

F. De Ridder1, S. Jacobs1, S. Charleer2, P. Gillard2,
K. Casteels2, S. Van Aken3, J. Vanbesien4, G. Massa5, P. Lysy6,
K. Ledeganck7, M. den Brinker8, C. De Block7

1University of Antwerp, Medicine, Antwerp, Belgium
2University Hospital Leuven, KULeuven, Leuven, Belgium
3University Hospital Gent, UGent, Gent, Belgium
4University Hospital Brussels, UGent, Brussels, Belgium
5Jessa Hospital, Paediatrics, Hasselt, Belgium
6Saint-Luc Hospital Brussels, Paediatrics, Brussels, Belgium
7Antwerp University Hospital, Endocrinology,
Antwerp, Belgium
8Antwerp University Hospital, Paediatrics, Antwerp, Belgium

Background: Long-term real-life data of sensor-augmented
pump therapy (SAP) in paediatric type 1 diabetes (T1D) patients
are lacking.

Objectives: To assess the impact of SAP in a nationwide
study of paediatric T1D patients on HbA1c, hypoglycaemia and
quality of life until 24 months[1].

Methods: Between December 2014 and February 2017, 75
children entered Belgian reimbursement system for SAP and
were followed for 12 (n = 73) and 24 months[2] (n = 25). Study
endpoints included evolution of HbA1c, hypoglycaemia and
quality of life[3].

Results: Seventy-three (97%) patients used SAP 12 months.
Baseline HbA1c (7.2 – 0.7%) decreased to 7.1 – 0.8% at 4
months (p = 0.024), remained stable at 8 months (p = 0.03) and 12
months (p = 0.15), and decreased to 7.0 – 0.8% at 24 months
(p = 0.55). Patients with a baseline HbA1c<7.5% (n = 46), had a
mean HbA1c of 6.8 – 0.5% and it stayed the same after 4, 8, 12
and 24 months. Subjects with a baseline HbA1c‡7,5% (n = 26,
mean HbA1c 8.0 – 0.4%) showed improvement at 4 months
(7.6 – 0.7%; p = 0.005), at 8 months (7.5 – 0.6%; p = 0.005) and
then stabilised at 7.6 – 0.7% at 12 (p = 0.062) and 24 months
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(p = 0.5). Time in hypoglycaemia (<70 mg/dl) decreased from
6.6 – 6.1% at baseline to 5.8 – 4.1% at 12 months (p = 0.037) and
to 4.5 – 5.4% at 24 months (p = 0.009). Time in severe hy-
poglycaemia (<50 mg/dl) did not change over time (1 – 2%).
Overall quality of life did not change, but only total scores were
evaluated.

Conclusions: Reimbursement of SAP in paediatric T1D pa-
tients improved HbA1c and decreased time in hypoglycaemia
without affecting overall quality of life.
[1] RESCUE study, ClinicalTrials.gov: NCT02601729
[2] Antwerp group
[3] Impact, satisfaction, worry, parents questionnaires
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640G MINIMED SYSTEM EFFECTIVENESS IN
CHILDREN AND ADOLESCENTS WITH TYPE 1
DIABETES: EDUCATION PLUS TECHNOLOGY
ENSURE HIGHER %TIME IN TARGET RANGE (70-160
MG/DL)

A. Scaramuzza1, M. Hosny Awad2, L. Bonetti1, M. Soliani1,
R. Del Miglio1, C. cavalli1

1ASST Cremona Hospital, Pediatrics, Cremona, Italy
2Mansoura University, Pediatrics, Mansoura, Egypt

Introduction: After a long lead-in period, artificial pancreas
(AP) technology is well on its way to revolutionizing the treatment
of diabetes, but no AP is currently approved. Recently data about
the use of a hybrid closed-loop (CL) insulin delivery has been
presented. We evaluated Minimed 640Gsystem (Medtronic, CA,
USA) for the comparable management of children with diabetes.

Methods: We prospectively analyzed data of all patients who
started 640G system at Cremona Hospital after its introduction in
Italian market after May 2015. Patients were evaluated according
compliance (>70%) of sensor usage.

Results: After 3 yrs (range 6–36 months, mean 22.5 – 4.8
months), 62 children and adolescents (mean age 11.42 – 3.35 yrs,
range 3–18 yrs, diabetes duration 6.01 – 3.36 yrs, baseline HbA1c
8.2 – 0.7%, final HbA1c 7.3 – 1.8%, p = 0.001) used PLGM sys-
tem. All patients have been instructed about the use of the system
according our recommendations (Pediatr Diabetes 2017). The pa-
tients who used the system over 70% showed about 75% of time
spent in target range (Table). No severe hypoglycemia or diabetic
ketoacidosis events were recorded during the observation period.

Table - Clinical characteristics and time in range, in hypo and
hyper in 62 pediatric patients using PLGM system

Conclusions: PLGM system, if used most of the time after a
systematic educational pathway, attains results that are similar to
those obtained using hybrid CL or fully AP, showing that waiting for
an AP or a more performant hybrid CL system, we already have
tools for the best possible care of patients with type 1 diabetes.
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EFFECTIVENESS AND SAFETY OF 6-MONTH
MINIMED 640G SYSTEM USE IN ADULT PATIENTS
PRONE TO HYPOGLYCEMIA

E. Bosi1, P. Choudhary2, H. De Valk3, S. Lablanche4,
J. Castañeda5, S. De Portu6, J. Da Silva5, L. Vorrink5, J. Shin7,
F. Kaufman8, O. Cohen9

1Diabetes Research Institute, IRCCS San Raffaele Hospital and
San Raffaele Vita Salute University, MIlan, Italy
2King’s College Hospital, Department of Internal Medicine,
London, United Kingdom
3University Medical Center Utrecht, Department of Internal
Medicine, Utrecht, The Netherlands
4Grenoble University Hospital, Department of Diabetology,
Grenoble, France
5Medtronic International Trading Sàrl, Clinical Research,
Tolochenaz, Switzerland
6Medtronic International Trading Sàrl, Health Economics,
Tolochenaz, Switzerland
7Medtronic, Clinical Research Biostatistics, Northrdige, USA
8Medtronic, Clinical Research and Medical Affairs,
Northridge, USA
9Medtronic International Trading Sàrl, Medical Affairs,
Tolochenaz, Switzerland

Background: Many adult patients with T1D are prone to
hypoglycemia. This is the largest randomized controlled trial
(RCT) to investigate the effectiveness and safety of the Mini-
Med� 640G system with SmartGuard� Suspend before low
technology compared to insulin pump therapy, in decreasing
hypoglycemia in hypoglycemia-prone patients.

Methods: This prospective, multi-center, RCT enrolled 169
patients (aged 24–75 years) with T1D duration ‡10 years, and
HbA1c level 5.8-10.0% (40-86 mmol/mol), with impaired hy-
poglycemia awareness or who experienced a severe hypoglyce-
mic event in the last 12 months. After a two-week baseline
run-in, 153 eligible patients (mean–SD of 48.2 – 12.4 years)
were randomized to MiniMed� 640G pump without continuous
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glucose monitoring or CGM (Control) or MiniMed� 640G
system with SmartGuard� Suspend before low (Intervention),
for six months. The mean number of sensor hypoglycemic
events, severe hypoglycemic episodes, and overall glycemic
control were evaluated for both groups.

Results: Results of the Control (N = 77, aged 47.4 – 12.5 years)
and Intervention (N = 76, aged 49.0 – 12.2 years) therapies during
the study phase are shown in the table. Mean number of sensor
hypoglycemic events/week was 4.13 and 1.12 (P < 0.0001), re-
spectively. The reported mean number of severe hypoglycemic
episodes was 18 and 3 (P = 0.0036), respectively. Change in HbA1c
did not differ significantly between groups (P = 0.4439) and no
DKA event was reported during the study.

Conclusion: Six-month use of Suspend before low effectively
reduced hypoglycemia in hypoglycemia-prone adults in com-
parison to pump therapy without CGM, with no increase in
HbA1c. These results show that MiniMed� 640G system therapy
clinically benefits patients impacted by hypoglycemia exposure.
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THE ULTRA-RAPID INSULIN BIOCHAPERONE
LISPRO BOLUSED BY INSULIN PUMP SHOWS
FAVOURABLE PHARMACODYNAMICS AND
PHARMACOKINETICS VS FASTER ASPART AND
INSULIN ASPART

G. Meiffren1, O. Klein2, C. Seroussi1, A. Ranson1, J. Arrubla2,
J. Correia1, M. Gaudier1, O. Soula1, R. Soula1, B. Alluis1,
B.W. Bode3, T. Heise2

1Adocia, Research & Development, Lyon, France
2Profil Neuss, Clinical, Neuss, Germany
3Atlanta Diabetes Associates, Research, Atlanta, USA

BioChaperone Lispro (BCLIS) is an ultra-rapid insulin lispro
formulation designed to better mimic the physiological timing of
prandial insulin action than current insulin analogs. This clinical
trial is the first to investigate the pharmacodynamic and phar-
macokinetic properties of the two ultra-rapid insulins BCLIS and
faster aspart (FIA) and of the insulin analog aspart (ASP).

Forty-three participants with type 1 diabetes were enrolled in this
phase 1, double blind, randomised, crossover clinical trial. Subjects
received a 0.15 U/kg bolus dose on top of a 0.01 U/kg/h basal in-
fusion of each insulin formulation administered with a pump under
automated euglycaemic clamp conditions (blood glucose target
5.5 mmol/L). PK was assessed using a validated assay.

BCLIS was associated with higher early exposure (LSM AU-
CINS 0–1h BCLIS 64; ASP 38; FIA 56 h.mU/L, p < 0.001 BCLIS
vs ASP; p = 0.028 BCLIS vs FIA) and lower late exposure (AU-
CINS 2–6h 67 vs. 86 vs. 82 h$mU/L, p < 0.001; p = 0.002) than
ASP and FIA (figure). BCLIS demonstrated faster-on and faster-off
activities than ASP characterized by a higher AUCGIR 0-2h (514
vs. 435 mg/kg, p = 0.037), lower AUCGIR 2-6h (615 vs 804 mg/kg,
p < 0.001) and an earlier time to late half-maximum GIR (tla-
te0.5GIRmax 209 vs 232 min, p = 0.013). Compared to FIA,
BCLIS exhibited a significantly faster-off, with a lower AUCGIR 2–6h

(615 vs 704; p = 0.049) and an earlier tlate0.5GIRmax (209 vs
228 min, p = 0.042). All three formulations were well tolerated.

Administered by pump, BCLIS exhibits ultra-rapid PK and
PD properties compared to ASP and favorable profiles compared
to the ultra-rapid FIA formulation.
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New Insulin Delivery Systems: Inhaled, Transderma,
Implanted Devices

ATTD19-0108

ULTRA-RAPID PROFILE OF INSULIN HUMAN
INHALATION POWDER MIMICS TIME-ACTION
PROFILE OF PHYSIOLOGIC ABSORPTION OF
GLUCOSE FROM MIXED-MEAL TOLERANCE TESTS
IN TYPE 2 DIABETES

M. Grant1, R. Bergenstal2, A. Peters3, F. Pompilio4, S. Bruce5,
D. Kendall6

1MannKind Corporation, Clinical Pharmacology, Westlake
Village, USA
2Park Nicollet, International Diabetes Center,
Minneapolis, USA
3Kerck School of Medicine, University of Southern California,
Los Angeles, USA
4MannKind Corporation, Medical Affairs, Westlake
Village, USA
5Kinexum Services LLC, Clinical Development, San
Diego, USA
6MannKind Corporation, Medical Development-
Regulatory/Safety, Westlake Village, USA

Background: Study MKC-TI-118 compared metabolic re-
sponses to 2 insulins demonstrating distinctly different pharmaco-
kinetic profiles. Technosphere� insulin (TI) inhalation powder
undergoes ultra-rapid absorption with a correspondingly fast onset
and quick rise to peak action with a short duration of effect.
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Subcutaneous insulin lispro (LIS) is absorbed more slowly with a
longer time to peak action and longer duration of glucose-lowering
effect.

Method: Twelve patients with type 2 diabetes underwent 2
mixed-meal tolerance tests after receiving LIS 10 U (n = 12) or TI
16 or 24 U (n = 6 per dose) in random order in a cross-over design.
Endogenous glucose production (EGP) rate and glucose absorp-
tion (Ra) and disposal rates (Rd) were derived from tracer data.

Results: With TI, the maximum Rd and maximum EGP
suppression occurred 30-45 minutes after the start of the meal
and coincided with the maximum Ra from the meal. With LIS,
pharmacodynamic effects peaked after the maximum Ra. TI’s
better match in timing produced a much tighter control of post-
prandial plasma glucose (PPG) in the early postprandial period,
while LIS produced early postprandial hyperglycemia (Figure).
The duration of PPG control is dose dependent. At the high dose,
the effect of TI ended approximately 120 minutes after dosing,
but the short duration of effect suggests a small supplemental
dose could be taken at that time to extend control with little risk
of late postprandial hypoglycemia.

Conclusion: These studies confirm that TI, with its well-
timed, insulin-mediated glucose disposal and suppression of
EGP, can handle early absorption of glucose during mixed meals.
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ATTD19-0062

NASAL GLUCAGON: A VIABLE ALTERNATIVE TO
TREAT INSULIN-INDUCED HYPOGLYCEMIA IN
ADULTS WITH TYPE 1 DIABETES

J. Suico1, U. Hövelmann2, S. Zhang3, T. Shen4, B. Bergman5,
J. Sherr6, E. Zijlstra7, B. Frier8, L. Plum-Morschel9

1Eli Lilly and Company, Chorus, Indianapolis, USA
2Profil Institut für Stoffwechselforschung GmbH, Project
development, Neuss, Germany
3Eli Lilly and Company, Global Statistical Science- Diabetes,
Indianapolis, USA
4Eli Lilly and Company, Global PK/PD & Pharmacometrics,
Indianapolis, USA
5Eli Lilly and Company, Clinical Development-Diabetes,
Indianapolis, USA
6Yale University School of Medicine, Department of Pediatrics
Endocrinology, New Haven, USA
7Profil, Project Development, Neuss, Germany
8Queen’s Medical Research Institute- University of Edinburgh,
British Heart Foundation Centre for Cardiovascular Science,
Edinburgh, United Kingdom
9Profil Mainz GmbH & Co. KG, Clinical Operations,
Mainz, Germany

Commercially available glucagon requires reconstitution and in-
jection, while investigational nasal glucagon (NG) is a ready-to-use
dry-powder spray formulation single use device for nasal adminis-
tration. This randomized, 2-period, crossover study was conducted to
demonstrate non-inferiority between intramuscular glucagon (IMG)
and NG as treatment for insulin-induced hypoglycemia (IIH).

Hypoglycemia (plasma glucose (PG) <3.3 mmol/L) was in-
duced by an intravenous insulin infusion. Five minutes after
stopping insulin, either 3-mg NG or 1-mg IMG was administered,
followed by PG measurements up to 90 min. Treatment success
(TS) was defined as increases to PG ‡3.9 mmol/L or increases of
‡1.1 mmol/L from PG nadir within 30 min of receiving glucagon.

The primary efficacy analysis showed all 66 patients achieved
TS by 25 min with mean time to TS: 11.4 (NG) and 9.8 (IMG)
min. Data demonstrated NG’s non-inferiority (upper limit of 2-
sided 95% CI of percentage of patients achieving TS [IMG-NG]
<10%). Glucose responses were similar within 40-min post-
glucagon (Figure).

Forty-eight (NG) and 51 (IMG) adverse events (AEs) were
reported, mostly mild and transient, with similar frequency in
both groups; AEs (‡5%): nausea (31% NG; 42% IMG), vomiting
(14% NG; 17% IMG), and headache (16% NG; 10% IMG). After
NG, symptoms (‡10%) from the Nasal and Non-nasal Score
Questionnaire included watery eyes; nasal itching, congestion;
runny nose; sneezing; redness and itchy eyes; and itchy throat.

NG was as efficacious and safe as IMG for IIH in adults,
supporting its use as rescue treatment for severe hypoglycemia.
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New Medications for Treatment of Diabetes

ATTD19-0201

BIOCHAPERONE TECHNOLOGY ENABLES THE
DEVELOPMENT OF PRAMLINTIDE-PRANDIAL
INSULIN COMBINATIONS

G. Meiffren1, A. Geissler1, Y. Meyer1, A. Ranson1, C. Fortier1,
O. Soula1, R. Soula1, Y.P. Chan1, B. Alluis1, R. Charvet1

1Adocia, Research & Development, Lyon, France

Pramlintide is the only amylin analog approved for the treat-
ment of diabetes. It is used as an adjunct to mealtime insulin by
T1D or T2D patients to achieve a better post-prandial glucose
control. Pramlintide affects the rate of postprandial glucose ap-
pearance by slowing down gastric emptying, inhibiting glucagon
secretion, and inducing satiety. The clinical use of pramlintide is
limited as it cannot be combined in a single formulation with a
prandial insulin due to pH incompatibility, resulting in a burden
of additional injections which limits its acceptability by patients.
In this work, BioChaperone� technology was used to develop a
stable co-formulation of pramlintide and human insulin (BC Pram
Ins) at neutral pH. The formulation is physically and chemically
stable for at least 6 weeks at 30�C and 9 weeks at 25�C, similar to
those of commercial insulin and pramlintide. Under simulated in-
use pump conditions at 37�C, BC Pram Ins shows physical and
chemical stability for at least 1 week, with insulin and pramlintide
recoveries higher than 95%. Following a single subcutaneous
administration to fasted healthy pigs, BC Pram Ins results in slower
absorption of pramlintide (LSM ratio [95%CI] DAUCPram0–30min:
0.45 [0.20; 1.05]), and a higher late exposure to pramlintide
(DAUCPram60-180min: 2.65 [1.44; 4.90]) compared to the separate
injections of human insulin and pramlintide.
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In conclusion, the in-vitro and preclinical pharmacokinetic
properties of BC Pram Ins support its clinical development as an
improved treatment compared to prandial insulins for postpran-
dial glycemic control in patients with T1D and T2D.
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New Medications for Treatment of Diabetes

ATTD19-0267

IMPACT OF BASELINE MEAN AMPLITUDE OF
GLUCOSE EXCURSIONS ON OUTCOMES IN
PATIENTS WITH TYPE 1 DIABETES TREATED WITH
DAPAGLIFLOZIN IN DEPICT-1 AND 2

M. Phillip1, C. Mathieu2, P. Dandona3, T. Oron1, L. Hansen4,
F. Thorén5, J. Xu6, A.M. Langkilde5

1Schneider Children’s Medical Centre of Israel- Institute for
Endocrinology & Diabetes, Sackler Faculty of Medicine- Tel-
Aviv University, Petah Tikva- Tel-Aviv, Israel
2University of Leuven, Clinical and Experimental
Endocrinology, Leuven, Belgium
3State University of New York at Buffalo, Department of
Medicine, Buffalo- NY, USA
4MedImmune, MedImmune, Gaithersburg- MD, USA
5AstraZeneca, AstraZeneca, Mölndal, Sweden
6AstraZeneca, AstraZeneca, Gaithersburg- MD, USA

Background and Aims: Dapagliflozin as adjunct to adjust-
able insulin reduced glucose variability and improved glycaemic
control compared to placebo, in patients with type 1 diabetes
(T1D) in two Phase 3 clinical trials (DEPICT-1 and 2). This post-
hoc analysis assessed the correlation between mean amplitude of
glucose excursions (MAGE) at baseline and change in HbA1c
and MAGE after 24 weeks of treatment.

Method: In the two studies patients were randomized to
dapagliflozin 5 mg, 10 mg or placebo. Interstitial glucose levels
were measured using continuous glucose monitoring (CGM)
and MAGE was calculated as the arithmetic mean of the dif-
ferences between consecutive peaks and nadirs of glucose
levels over 24 hours (provided that the differences were greater
than one standard deviation of the mean glucose value). Cor-
relation between baseline MAGE and change in HbA1c or

MAGE over 24 weeks was assessed using Pearson’s product-
moment correlation method.

Results: The analysis included 778 patients from DEPICT-1
and 813 patients from DEPICT-2. Patients were ‡18–£75 years
old with inadequately controlled T1D (7.7 ‡ HbA1c £11.0%);
baseline characteristics were balanced between groups. Baseline
MAGE and change in HbA1c over 24 weeks showed no corre-
lation. MAGE at baseline was correlated with change in MAGE
over 24 weeks: patients with high baseline MAGE had greater
reductions from baseline in MAGE at Week 24 across all treat-
ment groups in both DEPICT-1 and 2 (Figure).

Conclusion: Patients with higher baseline MAGE showed
greater improvement in glucose variability, while no correlation was
seen between baseline MAGE and change in HbA1c over 24 weeks.

Support: AstraZeneca

078

Other

ATTD19-0110

SELF-MANAGEMENT SUPPORT DELIVERED
DIGITALLY AND IN-PERSON IMPROVES CLINICAL
AND ECONOMIC OUTCOMES FOR PATIENTS WITH
TYPE 2 DIABETES

N. Kaufman1

1UCLA Shools of Medicine and Public Health, n/a,
Los Angeles, USA

Objective: To demonstrate that digital self-management
support for patients with type 2 diabetes can improve clinical and
economic outcomes.

Method: The intervention reported on in this study, Better
Choices Better Health-Diabetes (BCBH-D) service, originally
developed at Stanford University, is an intensive Diabetes Self-
management series of 2-hour sessions over 6 consecutive weeks
facilitated by 2 specially-trained peers. Participants are exposed
to content each week, create and implement action planes, com-
plete exercises, read posted materials, and interact with others in
their group. Participants receive Living a Healthy Life with
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Chronic Conditions, which contains program content and chap-
ters on a variety of chronic conditions. Subjects were recruited
from of a large U.S. national health plan between 2012 and 2014

Results: 242 participants received the program in-person and
1,010 received it digitally. The key results include:

� � Decreased A1C 0.45% at 12 months
� � Decreased A1C 1.27% at 12 months (Initial A1C>9%)
� � Reduced incidence of Depression 27%
� � Improved Medication Adherence by 16%
� � Increased Exercise 43 minutes Per Week
� � Reduced all-cause healthcare utilization and costs in

year post intervention
� � Decreased claims across variety of co-morbid con-

ditions and for Emergency Department, out-patient,
pharmacy and in-patient

� � Decreased healthcare utilization for comorbid con-
ditions - minimal change for diabetes-related utilization

� � Lower costs in the year post intervention (un-adjusted)
� � Total cost savings attributed to intervention was $815

in the year post intervention*

Conclusion: BCBH-D improves clinical and economic out-
comes in adults with type 2 diabetes leading to a lowering of A1C
and a 3::1 Return on Investment

079

Other

ATTD19-0276

ASSOCIATIONS BETWEEN DIABETES MELLITUS,
COGNITIVE IMPAIRMENT AND ALL-CAUSE
MORTALITY AMONG THE POPULATION OF 55
YEARS AND OLDER

A. Imaeva1, S. Shalnova1, A. Kapustina1, A. Deev1,
Y. Balanova1, G. Muromtseva1, V. Shkolnikov2

1Federal State Institution ’’National Medical Research Center
for Preventive Medicine’’ under the Ministry of Health of the
Russian Federation, Department of Epidemiology of Chronic
Non-Communicable Diseases, Moscow, Russia
2Max Planck Institute for Demographic Research, Laboratory
of demography, Rostock, Russia

Aim: Evaluate associations between cognitive dysfunction,
diabetes mellitus (DM) and all-cause mortality among the pop-
ulation of 55 years and older.

Methods: This study is part of the prospective cohort survey
‘‘Stress, aging and health’’ and 1876 participants aged 55 years
and older has been included. Cognitive function was assessed on
the scale of Mini-Mental State Examination (MMSE), cognitive
impairment was recorded for scores less than 24 on the basis of
30 points in total. Diagnosis of DM was based on levels of gly-
cated hemoglobin ‡6,5% and/or taking medication. The mean
follow-up was 9 years, 547 deaths occurred. Logistic regression
model was used to determine the risk of cognitive impairment in
the presence of DM. Association between cognitive impairment,
diabetes mellitus and all-cause mortality was evaluated by Cox
regression model.

Results: Overall, 19.2% of participants had DM, 19.1% -
cognitive impairment and 5% - both of diseases. The odds ratio
for cognitive impairment showed the significant linear increase
in relation to the presence of DM independent of potential
covariates (sex, age) [OR 1.62 (95%CI 1.21–2.16), p = 0.001].
The relative risk for all-cause mortality was significantly
higher among individuals with both DM and cognitive im-
pairment, after adjustment for sex and age (HR 1.57, 95%CI
1.18–2.07, p = 0.002) than in the case of presence only DM or
cognitive impairment.

Conclusion: DM was associated with a risk of cogni-
tive impairment among the population aged 55 years and
older. The risk for all-cause mortality increased by 57%
among individuals suffering from both DM and cognitive
impairment.
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Artificial Pancreas

ATTD19-0134

SMALL DOSES OF DASIGLUCAGON CONSISTENTLY
INCREASE PLASMA GLUCOSE (PG) LEVELS FROM
HYPOGLYCEMIA AND EUGLYCEMIA IN PEOPLE
WITH TYPE 1 DIABETES MELLITUS (T1DM)

U. Hövelmann1, M. Brændholt Olsen2, U. Mouritzen2,
D. Lamers1, B. Kronshage1, T. Heise1

1Profil- Neuss, Project Development, Neuss, Germany
2Zealand Pharma A/S, Clinical Development,
GLostrup, Denmark

Background and Aims: Currently available glucagon for-
mulations are of limited stability, which hinders their use in dual-

hormone artificial pancreas (DHAP) systems to prevent hypo-
glycemia. We characterized the pharmacokinetic and pharma-
codynamic properties of dasiglucagon, a novel, stable and liquid
formulated glucagon analog and promising candidate for use in
DHAP systems.

Method: In this randomized double-blind trial 17 patients
with T1DM received four single subcutaneous doses (0.03, 0.08,
0.2 and 0.6 mg) of dasiglucagon (4 mg/ml formulation) under
hypoglycemic (PG 56-66 mg/dL) or euglycemic (PG 100 mg/dL)
conditions. For comparison, three doses (0.03, 0.08 and 0.2 mg)
of a commercial glucagon (Glucagon, Eli Lilly) were investi-
gated at euglycemia.

Result: Dasiglucagon showed dose-dependent and rapid PG-
increases across all doses (mean increase 30 min post-dosing 24–
94 mg/dl from hypoglycemia and 39–80 mg/dL from euglycemia,
compared to 30–71 mg/dl with Glucagon) (figure). Median time
to increase in PG by >20 mg/dL was less than 20 min (18–
19.5 min) with 0.03 mg dasiglucagon and 9–15 min with higher
doses (Glucagon 13–14 min). In hypoglycemia, 0.03 and 0.08 mg
dasiglucagon re-established normoglycemia (PG ‡70 mg/dL)
within median times of 14 and 10 min, respectively. All patients
achieved a PG ‡70 mg/dL within 30 minutes post-dose at dose
levels of 0.08 mg and above.

Conclusion: Dasiglucagon rapidly and effectively increases
PG even in low doses and in a titratable and dose-dependent
fashion from both hypoglycemia and euglycemia. The PD profile
described supports dasiglucagon as a promising candidate for use
in dual-hormonal closed-loop AP systems.

Different doses of dasiglucagon and Glucagon (Mean–
SEM)

081

Artificial Pancreas

ATTD19-0320

EXPOSURE TO CLOSED LOOP BARRIERS USING
VIRTUAL REALITY

M. Lanning1, B. Agustin2, K. Hood1, D. Naranjo1

1Stanford University School of Medicine, Pediatric
Endocrinology, Palo Alto, USA
2Dartmouth College Geisel School of Medicine, The Dartmouth
Institute for Health Policy and Clinical Practice, Hanover, USA

Background: Closed loop insulin delivery (CL) represents a
major advancement in type 1 diabetes (T1D) management. In-
terventions are needed to increase uptake by addressing known
barriers.

Methods: A 4-scenario behavioral intervention using virtual
reality (VR) was developed to address most prevalent barriers
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(Image 1): devices and body image, perceived hassles of using
CL, de-skilling fears, and unwanted social attention. Goals of the
pilot were to assess feasibility and expose patients to CL. Surveys
were conducted pre and post participating in the VR experience.

Results: 20 adults with T1D completed the pilot (Table 1).
Reported motion sickness was low (10.33) and not different
among younger (<30) versus older (‡30) participants (p = 0.393).
The average time to complete VR was 14.1 minutes (8.8-39.9).
Willingness to use VR was maintained in 90% (n = 18). VR did
not change expectations of CL in 95% (n = 19). VR changed
perceived hassles of using CL in 25% (n = 5) with four concerned
over alarms and one over connectivity issues. Positive technol-
ogy attitudes, confidence in managing hypoglycemia, overall
perceptions of appearance, and positive affect maintained after
the intervention (Table 2). In fact, negative affect significantly
decreased after exposure and perceptions of being overweight
trended toward significance (Table 2).

Conclusions: The pilot showed this is a feasible and accept-
able intervention that exposed persons with diabetes to CL and
associated barriers, but maintained enthusiasm for use and ex-
pectations of CL.

082

Blood Glucose Monitoring and Glycemic Control
in the Hospitals

ATTD19-0072

IMMEDIATE AND SUSTAINED GLYCEMIC
IMPROVEMENTS DURING REMOTE PATIENT
MONITORING: REAL-WORLD EVIDENCE FROM
PILOT PROGRAMS

T. Sheng1, S. Babikian2, M. Greenfield Greenfield1

1Glooko, Clinical Development & Research, Mountain
View, USA
2Glooko, Product Development, Mountain View, USA

Mobile-enabled remote patient monitoring (RPM) has the
potential to improve health outcomes and access to care while
also reducing hospitalizations and costs. However, whether RPM
can improve glycemic outcomes in people with diabetes (PWDs)
is not well understood given RPM’s relative recency.

We evaluated real-world self-monitored blood glucose
(SMBG) data among PWDs enrolled in RPM pilot programs
across the United States. Enrolled PWDs were encouraged to
sync blood glucose (BG), medication, and lifestyle information
using the provided Glooko mobile app. Care teams monitored
PWDs remotely and provided coaching as needed. We analyzed
cross-sectional SMBG data at multiple times between enrollment
(213 PWDs) and 12 months of RPM (41 PWDs).

Among PWDs providing demographic information: median
age = 54 years (IQR: 46–60), 42.6% female, 86.0% type 2 dia-
betes. Average BG decreased over the first two months (from
11.1 mmol/L pre-RPM to 10.1 mmol/L, 9.3 mmol/L, respec-
tively) and remained stable at six (9.4 mmol/L) and twelve
months (9.0 mmol/L). Similarly, improvements were observed in
the proportion of in-range and hyperglycemic SMBG readings
(47.5% between 3.9-10.0 mmol/L; 23.6%> 13.9 mmol/L pre-
RPM, respectively) at month 2 (63.9%; 11.4%), and sustained at
6 (65.1%; 9.7%) and 12 months (68.2%; 7.9%).

In the current study, we observe immediate and sustained
improvements in glycemic outcomes during RPM. These find-
ings, along with evolving reimbursement models and enthusiasm

from healthcare systems, offer optimism for RPM. However, the
full scope of RPM’s value and the ability of healthcare systems to
implement and scale RPM programs remain to be seen.

083

Closed-loop System and Algorithm

ATTD19-0158

GLUCOSE CONTROL IN ADULTS WITH TYPE 1
DIABETES USING A MEDTRONIC ENHANCED-
HYBRID CLOSED-LOOP SYSTEM (E-HCL)

M. Lee1,2, B. Paldus1, H. Jones1,2, S. Vogrin1, V. Obeyesekere2,
C. Sims1, S. Wyatt1, G. Ward2,3, S. McAuley1,2, R. MacIsaac1,2,
B. Krishnamurthy1,2, V. Sundararajan1, A. Jenkins1,2,4,
D. O’Neal1,2

1University of Melbourne, Department of Medicine,
Melbourne, Australia
2St Vincent’s Hospital Melbourne, Department of
Endocrinology & Diabetes, Melbourne, Australia
3University of Melbourne, Department of Pathology,
Melbourne, Australia
4University of Sydney, NHMRC Clinical Trials Centre,
Sydney, Australia

Background: Additional refinements of closed-loop (CL)
systems are required to further enhance glucose control and user
acceptance among people with type 1 diabetes (T1D).

Aims: To explore Medtronic Enhanced-hybrid CL system (E-
HCL) system performance and glucose control in adults with
T1D.

Methods: Twelve adults with T1D and sensor-augmented
pump experience (7 men; median [IQR] age 48 [39–57] years;
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HbA1c 6.8% [6.2–7.2], 51mmol/mol [44–55]; diabetes duration
31 [13–41] years) participated. E-HCL incorporated refinements
to the current generation Medtronic HCL system: enhanced bo-
lus reminders; iterative changes broadening glucose and insulin
delivery parameters permitting persistence in CL; automated
correction boluses for hyperglycaemia; and non-adjunctive use
of sensor glucose. Following 1-week run-in using open-loop, E-
HCL was activated at the start of a 1-week supervised hotel
phase, followed by 3-weeks at-home. Primary outcome was
sensor glucose time-in-target range; run-in and E-HCL at-home
were compared by Wilcoxon Signed-Rank Test.

Results (Table 1): E-HCL resulted in greater time-in-target
range (85.3% vs. 75.0%, p = 0.003) and lower mean sensor glu-
cose (6.8 vs. 8.0mmol/L, p = 0.002). Time spent <3.9mmol/L
was greater with no difference in time <3.3mmol/L or
<2.8mmol/L. There were no episodes of severe hypoglycaemia
or ketoacidosis. Time spent in CL was 99.98%. Sensor mean
absolute relative difference (MARD) was 11.7%. All partici-
pants reported ‘very’ or ‘extreme’ satisfaction using E-HCL.

Conclusions: In this well-controlled cohort, our findings
suggest high time-in-target range, with few CL exits, positive
user experience and no major safety concerns using this E-HCL
iteration. Further refinements aimed at achieving full CL func-
tionality and longer-term home-based studies are required.

084

Closed-loop System and Algorithm

ATTD19-0170

USING MULTIVARIABLE NONLINEAR MODEL
PREDICTIVE CONTROL FOR A BIHORMONAL
CLOSED-LOOP ARTIFICIAL PANCREAS

H. Peuscher1, H.J. Lüddeke2

1Ulm University of Applied Sciences, Department of
Mechatronics and Medical Engineering, Ulm, Germany
2Diabetes Center Munich, Cosimastr. 2, München, Germany

Model predictive control (MPC) is the ‘‘forefront of current
research into closed-loop systems’’ (Hovorka 2011). However,
none of the approaches described in the literature seems to pro-
vide a thorough solution to the following challenges: i) account
for subcutaneous hormone application, ii) minimize the overall
consumption of exogenous hormones (e.g. by avoiding unnec-
essary counteracting, or by containing BG in a sensible interval
rather than forcing it to a specific equilibrium), iii) adopt a so-
phisticated physiological model to enable consideration of
known upcoming disturbances like announced meals.

We employ the UVA/Padova T1DMS simulator (The Epsilon
Group, Charlottesville, Virginia USA) to provide proof of con-
cept for a novel multivariable nonlinear MPC algorithm. It bases
upon a model similar to the latest Padova model to reconstruct
the current state of the virtual patient from past measurements
(moving horizon estimation) and to find the optimal control
signal in order to avoid both hyper- and hypoglycemia. For both
tasks, one has to define expedient cost functions that provide a
mathematical formulation of the conflicting goals. The controller
receives continuous BG and accepts meal announcements. While
most existing bihormonal algorithms use glucagon merely as a
rescue system, our controller defines both insulin and glucagon
dosage at the same time and thus in a coordinated way, such that
the pending effect of any already administered hormone is ac-
counted for in the prediction.

We found the controller to exhibit highly desirable behavior in
most situations; the example of a spontaneous meal is shown in
the figure.

085

Closed-loop System and Algorithm

ATTD19-0225

THE DESIGN OF AN OPTIMAL MONO- OR BI-
HORMONAL MEAL BOLUS DEVELOPED WITH A
FULLY INTEGRATED MPC-ALGORITHM AND
TESTED IN A GROUP OF VIRTUAL PATIENTS

H. Lueddeke1, H. Peuscher2

1Internist- Diabetologist, Diabetes Center Munich,
Pullach, Germany
2Ulm University of Applied Sciences, Department of
Mechatronics and Medical Engineering, Ulm, Germany

The optimal configuration of a meal bolus is a matter of dis-
cussion. Bi-hormonal algorithms generally prefer glucagon only
as a rescue system. With our fully integrated double MPC-
algorithm based on the Padova-model we assumed that also
postprandial regulations and consumption of both hormones
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could be improved. The UVA Padova T1DM Simulator
(T1DMS) was used for standard meal situations to test how the
bolus design can be optimized with this new algorithm (simul-
taneously published abstract). Reference was a standard bas-
al/bolus therapy.

Results: 1. The reference demonstrated best regulation with an
injection to meal interval of 30 min. 2. The algorithm regulates
meals with low carbohydrate (CH) contents by up-regulation of the
basal rate. 3. With higher CH contents it constructs a special bolus:
the basal rate is immediately set close to zero, the bolus is applied
and thereafter the basal rate recovers. 4. Very high (>60 g) CH
contents are difficult to cover - here the system prefers a combi-
nation of insulin and glucagon (picture) 5. With incorrect carbo-
hydrate estimation the updated system applies immediately after
the bolus a (low) additional bolus of glucagon, which regulates the
postprandial period safely. 6. The system applies insulin for un-
announced meals monohormonal conservatively low whereas the
bi-hormonal system is more aggressive - knowing, that the com-
pensation with glucagon is safe.

Conclusion: Our algorithm regulates the postprandial period
in this virtual setting adequately. It demonstrates bolus solutions
also for standard pump applications. Low dose MPC regulated
Glucagon may improve even the course of unannounced and
incorrect announced meals.
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ATTD19-0049

SERUM IRAP, A NOVEL DIRECT BIOMARKER OF
INSULIN-RESISTANCE AS A SCREENING,
DIAGNOSTIC AND DRUG DISCOVERY TOOL

S. Bottari1, N. Gonnet2, J.L. Cracowski3

1Grenoble - Alps University Medical School and Hospital-
Inserm U1209 & CNRS UMR 5309, Biochemistry,
Grenoble, France
2Grenoble - Alps University Hospital, Center for Clinical
Investigation, Grenoble, France
3Grenoble - Alps University Medical School and Hospital,
Center for Clinical Investigation, Grenoble, France

Insulin resistance (IR) affects more than half of the adult
population worldwide. Type 2 diabetes (T2D), which often fol-
lows, affects more than 450 million people and represents more
than 10 % of the health budget in industrialized countries.
A preventive public health policy is therefore urgently needed.
Indeed, early management of IR does not only strongly reduce its
evolution towards T2D but also strongly reduces the appearance
of cardiovascular comorbidity There is however currently no
simple and reliable test available for the diagnosis or screening of
IR. We therefore developed an ELISA for the quantitative de-
termination of a novel circulating biomarker of IR, IRAP. IRAP
is associated with and translocated together with GLUT4 to the
plasma membrane in response to insulin. Its extracellular domain
is subsequently secreted in the blood stream. In T2D, IRAP
translocation in response to insulin is strongly decreased.

Our patented sandwich ELISA is highly sensitive and specific,
robust and very cost-effective. Results of pilot studies indicate an
excellent correlation between serum IRAP levels and insulin
sensitivity. We therefore believe that serum IRAP is a direct
marker of insulin sensitivity and that the quantitative determi-
nation of its plasma levels should allow large-scale screening of
populations at risk for IR and T2D.

Similarly, simple companion tests allowing the assessment of
the efficacy of novel drugs aimed at improving insulin sensitivity
do not exist yet. As such serum IRAP appears as a useful alter-
native to the euglycemic hyperinsulinic clamp to monitor insulin
sensitivity in human in clinical trials.
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Glucose Sensors

ATTD19-0153

HYPOGLYCEMIA AVOIDANCE AFTER ADOPTION
OF A NEXT-GEN CGM SYSTEM INCLUDING A
PREDICTIVE LOW GLUCOSE ALERT

M. Derdzinski1, S. Puhr2, J. Welsh2, A.S. Parker1, T. Walker2,
A. Jimenez1, D. Price3

1Dexcom- Inc., Data, San Diego- CA, USA
2Dexcom- Inc., Clinical Studies, San Diego- CA, USA
3Dexcom- Inc., Medical Affairs, San Diego- CA, USA

Background: New features of continuous glucose monitoring
(CGM) systems may have measurable effects on usage and out-
comes. The G5 and G6 CGM systems (Dexcom, Inc.) are compa-
rably accurate and have adjustable low threshold alerts. A principal
difference between the systems is that G6 introduces the ‘‘Urgent
Low Soon’’ (ULS) alert, which is enabled by default and triggered
when an estimated glucose value (EGV) £55mg/dL is predicted in
the next 20 minutes. We evaluated the impact of the ULS alert by
comparing data from patients who transitioned from G5 to G6.

Methods: We examined device settings and EGVs from an
anonymized convenience sample of 1424 patients who used G5
and transitioned to G6 between 5/1/18 and 8/31/18. Data from
users with the low threshold alert setting of 70mg/dL (n = 658) or
80mg/dL (default; n = 766) were evaluated separately. Receiver
users, those who disabled the ULS alert, or those with less than
30 days of data immediately preceding or following the transition
to G6 were excluded.

Results: The ULS alert remained enabled among >97% of G6
users and was triggered less than once daily (Table). Hypogly-
cemia (<55mg/dL and <70mg/dL) and severe hyperglycemia
(>250mg/dL) decreased significantly after transitioning to G6,
whether users had a low threshold alert set at 70mg/dL or
80mg/dL. Time in range improved significantly for users with a
low threshold alert set at 70mg/dL, but not at 80mg/dL.

Conclusion: The ULS alert of the G6 CGM system may
contribute to significant reductions in hypoglycemia and im-
proved glycemic control among CGM-experienced users.
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ATTD19-0235

ASSESSMENT OF THE HYPOGLYCEMIC
PERFORMANCE OF AN IMPLANTABLE CGM
SYSTEM

M. Christiansen1, T. Bailey2, L. Klaff3, R. Brazg3, K. Tweden4

1Diablo Clinical Research Inc, Endocrinology, Walnut
Creek, USA
2AMCR Institute, Endocrinology, Escondido, USA
3Rainer Clinical Research Center, Endocrinology, Renton, USA
4Senseonics, Clinical Sciences, Germantown, USA

Background: A previous multi-center, prospective blinded
study, PRECISE II, evaluated safety and accuracy of the new
implantable Eversense CGM system in participants with type 1
or type 2 diabetes (T1D, T2D) demonstrated excellent accuracy
and safety. Data were collected in a new prospective, multi-
center unblinded study (PRECISION) to evaluate performance
specifically in the hypoglycemic range.

Methods: PRECISION evaluated the accuracy and safety of
Eversense among adults with T1D or T2D. Efficacy measures of
percent of system agreement within 15 mg/dL or 15% (15/15%
metric) of Yellow Springs Instrument (YSI) reference glucose
measurements and MARD between paired Eversense and YSI
reference measurements through 90 days for reference glucose
values from 40 to 400 mg/dL were evaluated. The primary safety
endpoint was incidence of device-related or sensor insertion/re-
moval procedure-related serious adverse events (SAEs) through
90 days post-insertion.

Results: Thirty-five participants received the CGM system.
Eighty-five percent (85%) of CGM values were within 15/15% of
reference values over the total glucose range of 40–400 mg/dL.
Hypoglycemic ranges of 40-60 and 61–80 mg/dL demonstrated
92% and 87% within 15 mg/dL and MADs of 8.1% and 8.6%,
respectively. Overall MARD value against reference glucose
values was 9.6% (95% CI: 8.9, 10.4). All sensors were functional
through day 90 with no device- or procedure- related SAEs.

Conclusions: The PRECISION study corroborated the find-
ings from PRECISE II of high accuracy and favorable safety of
Eversense CGM system through the 90-day sensor life. In par-
ticular, strong accuracy results were achieved in the hypogly-
cemic ranges and all sensors lasted 90 days.

089

Glucose Sensors

ATTD19-0299

EXPANDED REAL-WORLD USE CONFIRMS STRONG
ASSOCIATION BETWEEN FREQUENCY OF FLASH
GLUCOSE MONITORING AND GLUCOSE CONTROL

J. Lang1, S. Jangam1, T. Dunn1, G. Hayter1

1Abbott Diabetes Care, Research and Development,
Alameda, USA

Background and Aims: With the increased availability of
data with flash glucose monitoring (FreeStyle LibreTM system),
we have investigated glucose testing patterns and metrics in users
worldwide, expanding on previous analyses.

Methods: De-identified glucose data comprising of 470,643
readers and 4,112,626 sensors worldwide were analyzed, and
96% of the readers came from 26 countries on 6 continents with
at least 2,000 readers. Scan rate per reader was determined and
each reader was sorted into twenty equally-sized rank-ordered
groups, categorized by scan frequency.

Results: Users performed an average of 12 scans per day (me-
dian:10, interquartile range: 7–14). The estimated HbA1c decreased
from 8.2% to 6.7% (66.2 to 50.0 mmol/mol) as scan rate increased
from lowest to highest scan groups (3.6 and 39.5 scans/day, re-
spectively; p < 0.001). The time below 54 mg/dL decreased by 31%
(p < 0.001), from 34.2 to 23.7 min/day. Time above 240 mg/dL de-
creased from 6.0 to 2.2 h/day (63%, p < 0.001). Time in range in-
creased from 11.7 to 16.8 h/day (44%, p < 0.001). Overall, 62.9% of
readers had time in range >12 hrs/day, while comparing those below
and above 10 scans per day were 51.2% and 72.9%, respectively.

Conclusions: This expanded analysis of real-world use,
confirms prior observations that higher rates of scanning to self-
monitor glucose strongly associate with improved glucose
measures, including decreased mean glucose and time in hyper-
and hypoglycaemia as well as increased time in range.

Funded by Abbott Diabetes Care
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Glucose Sensors

ATTD19-0311

METABOLIC BENEFITS AND DIABETES-RELATED
DISTRESS WITH CONTINUOUS GLUCOSE
MONITORING USE IN ELDERLY TYPE 1 AND TYPE 2
DIABETES PATIENTS USING MULTIPLE DAILY
INJECTIONS OF INSULIN

Š. Vol�canšek1, M. Lunder1, A. Jane�z1
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1University Medical Centre Ljubljana, Clinical Department of
Endocrinology-Diabetes and Metabolic Diseases,
Ljubljana, Slovenia

Objective: Different challenges in diabetes care arise de-
pending on the patients’ age. Understanding older adults’ per-
ceptions of technology is important to assist with introducing it to
this population and maximizing the potential of devices that can
improve glycaemic control and quality of life. The aim was to
determine the effectiveness of continuous glucose monitoring
(CGM) introduction in elderly multiple daily injections (MDI)
users.

Methods: 25 participants (mean age 67 – 6 years, HbA1c =
7.1 – 0.7%, diabetes duration 33 – 15 years) with type 1 (n = 14)
and type 2 (n = 11) diabetes; treated by basal bolus MDI were
enrolled in the study. Use of a CGM device in blinded mode was
subsequently followed by real-time CGM. CGM data were
analysed to determine glycaemic control parameters, diabetes-
related emotional distress was measured by validated question-
naires. Differences were assessed with paired samples T-test;
results were reported as mean – SD.

Results: Significant improvements in time spent in target
range (TIR = 4.4–7.2 mmol/L) (34.8 – 14.4% vs. 42.2 – 12.7%;
p < 0.05) and in hypoglycaemia (TIH) (13.5 – 12.2% vs
8.5 – 6.3%; p < 0.05) as well as reduced glycaemic variability
expressed by glycaemic variation (CV) (37.3 – 11.1% vs.
32.9 – 6.3%; p < 0.05) were observed. Patients expressed overall
positive experience with new technology introduction, that did
not add to diabetes related distress (measured by Problem Areas
in Diabetes Questionnaire). Majority of included elderly were
eager to adopt new diabetes technology.

Conclusion: Introduction of CGM use in well controlled el-
derly with long standing diabetes results in significant clinical
benefit in glucose control (improved TIR, TIH and CV) without
imposing an additional diabetes treatment related emotional
burden.

091

Insulin Pumps

ATTD19-0057

PEDIATRIC ENDOCRINOLOGY FELLOWS’
EDUCATION AND KNOWLEDGE ABOUT INSULIN
PUMPS AND CONTINUOUS GLUCOSE MONITORS

B. Marks1, K. Garvey1, D. Stafford2, J. Wolfsdorf1

1Boston Children’s Hospital, Endocrinology, Boston, USA
2Stanford University, Pediatric Endocrinology and Diabetes,
Stanford, USA

Studies show improved glycemic control in pediatric patients
using insulin pumps and CGMs to manage type 1 diabetes (T1D).
Despite the increasing use of these technologies, recent data
show that the average A1c levels have increased in the United
States.

Sixty pediatric endocrinology fellows in North America have
been recruited to participate in an online educational curricu-
lum about the use of insulin pumps and CGMs. Data reported
are from a pre-test assessment. Despite consensus about the
need for pediatric endocrinologists to understand these tech-
nologies, only 28% of fellows report having a formal curricu-
lum at their institution. On a 5-point Likert scale (1: strongly

disagree, 5: strongly agree), fellows report suboptimal confi-
dence in their ability to manage patients using insulin pumps
(3.4 – 0.9) and CGMs (3.4 – 0.9). The mean score on 20 mul-
tiple choice questions was 36 – 10%; there were no significant
differences according to year of training. Mean scores on
questions addressing the following concepts were <20%: in-
sulin on board, features of different CGM systems, infusion set
selection, CGM calibration, managing insulin pump discon-
nections, CGM lag time.

Fellows’ knowledge and education about the use of insu-
lin pumps and CGMs for the management of T1D is subop-
timal. Fellows’ knowledge of these devices appears to be
extrapolated from knowledge of fingerstick blood glucose
monitoring and multiple daily injection therapy. An ongoing
study aims to assess the impact of an online, case-based ed-
ucational curriculum, Technology Knowledge Optimization
in Type 1 Diabetes (TeKnO T1D), on fellows’ knowledge of
these technologies.

092

New Insulin Analogues

ATTD19-0157

INTRANASAL INSULIN EFFECTS COGNITION IN
TYPE 2 DIABETES : A METANALYSIS

H.A. Jindal1

1MD Community Medicine, Department of Community
Medicine and School of Public Health-, Chandigarh-
India, India

Background: Type 2 Diabetes (T2DM) is a public health
problem. T2DM can adversely affect cognition and increase
dementia risk. This systematic review and metanalysis aimed to
examine cognitive effect of Intranasal insulin in adults with
T2DM.

Methods: A search of multiple electronic databases was
conducted (e.g., Cochrane, Pubmed, Embase, Scopus) were used
to locate articles written in English. The search strategy included
terms for Type 2 diabetes, Adult onset Diabetes, Non Insulin
dependent Diabetes, Diabetes Mellitus Type 2, Diabetes Type 2
complication etc. Articles that described intranasal insulin effect
on cognition, memory or brain function were included. Two
coders independently extracted data from all studies and both
sought consultation services from expertise in the field of
Community Medicine.).

Results: The full text of 70 studies were screened. After full
text screening, four studies met all criteria. One was a protocol
publication, One study was a conference abstract and two studies
were randomized control trials experimental quantitative re-
search designs. The studies demonstrated increased connectivity
of hippocampus regions with regions (medial prefrontal cortex,
inferior parietal cortex, posterior cingulate cortex) than those on
placebo,. Functional connectivity between hippocampus and
anterior cingulate cortex were associated with better Verbal
Fluency Score. Intranasal Insulin modify functional connectivity
among brain regions regulating memory and cognition compared
to placebo.

Conclusions and Implications: Diabetes does lead to func-
tional brain abnormalities. Intranasal insulin does lead im-
provement in the cognition and serves as a novel agent for Type 2
Diabetes but further research is warranted.
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ATTD19-0292

THE BRIGHT RANDOMISED STUDY: SIMILAR
GLYCAEMIC CONTROL AND LESS CONFIRMED
HYPOGLYCAEMIA WITH GLA-300 VS IDEG-100
DURING THE INITIAL TITRATION PERIOD

R. Ritzel1, A. Cheng2, J. Rosenstock3, Z. Bosnyak4, C. Devisme5,
P. Stella6, A.M.G. Cali7, X. Wang8, J. Frias9, R. Roussel10,
G.B. Bolli11

1Städtisches Klinikum München GmbH, Klinikum Schwabing
and Klinikum Bogenhausen, Munich, Germany
2University of Toronto, Division of Endocrinology and
Metabolism, Toronto, Canada
3Dallas Diabetes Research Center, Medical City, Dallas, USA
4Sanofi, Paris, Paris, France
5AIXIAL, Biostatistics and Programming, Boulogne-
Billancourt, France
6Sanofi, Budapest, Budapest, Hungary
7Sanofi, Tokyo, Tokyo, Japan
8Sanofi, Beijing, Beijing, China
9National Research Institute, Los Angeles, California, USA
10Assistance Publique Hôpitaux de Paris, Bichat Hospital,
Paris, France
11Perugia University, School of Medicine, Perugia, Italy

Background and Aims: BRIGHT demonstrated that insulin
glargine 300 U/mL (Gla-300) was non-inferior to insulin de-

gludec 100 U/mL (IDeg-100) for HbA1c reduction, with com-
parable incidence and rates of hypoglycaemia over 24 weeks.
This abstract focuses on the prespecified analyses of glycaemic
control and hypoglycaemia during the titration period (0–12
weeks) – an important time for patients new to insulin, which
may influence insulin persistence and adequate titration.

Method: This 24-week, multinational, multicentre, open-
label, two-arm, parallel-group trial (NCT02738151) included
insulin-naı̈ve adults with T2DM uncontrolled on non-insulin
antihyperglycaemic therapies. Participants were randomised 1:1
to Gla-300 or IDeg-100, administered once-daily during the
evening, titrated to a fasting self-monitored plasma glucose
(FSMPG) target of 4.4–5.6 mmol/L. Outcomes assessed included
change in HbA1c, FSMPG, and incidence and event rates of
hypoglycaemia, during the titration, maintenance and full study
periods.

Results: There was no significant difference (p = 0.67) be-
tween Gla-300 and IDeg-100 in HbA1c change from baseline to
week 12 (Table). Changes in FSMPG and insulin dose from
baseline to week 12 (Table) and week 24 (data not shown) were
similar with Gla-300 and IDeg-100. Gla-300 was associated with
a lower incidence and event rate of confirmed hypoglycaemia
(£3.9 mmol/L) at any time (24 h), and a lower event rate at night
(00:00–05:59 h), versus IDeg-100 during the initial 12-week ti-
tration period (Table).

Conclusion: During the initial 12 weeks of treatment in
insulin-naı̈ve people with T2DM, use of Gla-300 resulted in less
anytime (24 h) hypoglycaemia than use of IDeg-100, without
differences in glycaemic control.

Study sponsored by Sanofi: NCT02738151

094

New Insulin Delivery Systems: Inhaled, Transderma,
Implanted Devices

ATTD19-0338

DIABETES DURATION, BMI, AND HBA1C HAVE
GREATER EFFECTS ON PULMONARY FUNCTION
THAN INSULIN HUMAN INHALATION POWDER

D. Kendall1, J. Brain2, J. Buse3, D. Klein4, Y. Ma5, M. Grant6,
F. Pompilio7, K. Smith8

1MannKind Corporation, Medical Development -
Regulatory/Safety, Westlake Village, USA
2Harvard T.H. Chan School of Public Health, Department of
Environmental Health, Boston, USA
3University of North Caroline Medical Center, Division of
Endocrinology, Chapel Hill, USA
4PPD, Department of Diabetes and Endocrinology,
Bethesda, USA
5Maxwell Consulting Services, n/a, Jericho, USA
6MannKind Corporation, Clinical Pharmacology, Westlake
Village, USA
7MannKind Corporation, Medical Affairs, Westlake
Village, USA
8MannKind Corporation, Global Safety, Westlake Village, USA

Background: Technosphere� insulin (TI), a rapidly absorbed
inhaled insulin, may lead to improved patient compliance and
outcomes. Small, rapidly developing, nonprogressive, and re-
versible decreases in pulmonary function (PF) are seen with TI
treatment. However, diabetes-related factors, including BMI,
duration of diabetes, and glucose control (HbA1c), also affect PF.
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Method: To estimate contributions of these factors relative
to the TI-related treatment effect, PF was correlated with
baseline characteristics of patients with T1D (N = 446) and
T2D (N = 1108) participating in a 2-year safety study (MKC-
TI-030, NCT00308737).

Results: In the T1D cohort, diabetes duration negatively cor-
related with baseline FEV1 (-13 mL/y), while BMI and HbA1c

were not significant factors. In the T2D cohort, both baseline BMI
(-25 mL per kg/m2) and HbA1c (-47 mL per %HbA1c) negatively
correlated with baseline FEV1, while duration of diabetes was not
a significant factor. Over the 2-year study, mean FEV1 decreased
for patients receiving either usual care (injection therapy) or TI.
Treatment with TI was associated with an additional decrease of
approximately 56 mL in the T1D cohort and 41 mL in the T2D
cohort. Diabetes-related factors also contributed to a decrease in
FEV1 over 2 years: baseline BMI correlated with an additional
loss of 6 mL per kg/m2 in T1D, while elevated HbA1c increased
the loss in FEV1 by an additional 12 mL per %HbA1c in T2D.

Conclusion: The effect of TI treatment on PF is comparable to
effects due to diabetes-related factors (Figure). Unlike diabetes-
related effects, however, the TI effect has been demonstrated to
be reversible.
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New Medications for Treatment of Diabetes

ATTD19-0137

ONE YEAR FOLLOW-UP OF PATIENTS WITH TYPE 1
AND TYPE 2 DIABETES TREATED WITH INSULIN
GLARGINE U300 IN CLINICAL PRACTICE

P. Bramlage1, S. Lanzinger2, T. Danne3, S. Mühldorfer4,
G.M. Hess5, M. Naudorf6, R. Holl2

1Institute for Pharmacology and Preventive Medicine, IPPMed,
Mahlow, Germany
2University of Ulm, Institute of Epidemiology and Medical
Biometry- ZIBMT, Ulm, Germany
3Children’s Hospital, AUF DER BULT‘‘, Diabetology-
Endocrinology- Gastroenterology and Clinical Research,
Hannover, Germany
4Klinikum Bayreuth GmbH, Clinic for Gastroenterology,
Bayreuth, Germany
5Specialized Diabetes Practice, Medical Practice,
Worms, Germany
6Diabetes Center Lindlar, Medical Practice, Lindlar, Germany

Background and aims: Insulin glargine U300 (Gla-300) is a
new formulation of insulin glargine and is available in Germany
and Austria since 2015. We investigated the clinical profile of
Gla-300 in adult patients with type 1 (T1D) or type 2 diabetes
(T2D) in the first year of treatment.

Methods: Adult (‡18 years) patients with T1D/T2D and
treated with Gla-300 for at least 1 year included in the diabetes
patient follow-up registry (DPV) or the diabetes care evaluation
initiative (DIVE) were investigated. The clinical efficacy
(HbA1c, BMI and total insulin dose per kg) and safety (pro-
portion of ‡1 severe hypoglycaemia) of Gla-300 in the last six
months prior to Gla-300 initiation (Q0) and in quarters 1–4 (Q1-
Q4) were compared.

Results: A total of 476 patients with T1D and 1,157 patients
with T2D were studied (median age 51.4 years and 65.4 years,
respectively; diabetes duration 15.6 and years, respective-
ly). During Gla-300-treatment mean HbA1c decreased from
8.0% to 7.8% in T1D and from 7.9% to 7.4% in T2D (unadj.
p < 0.001). BMI increased in T1D (27.2 to 27.4 kg/m2,
p = 0.039), but did not change in T2D. Insulin dose increased
in T1D (0.43 to 0.47 IU/kg, p = 0.008) and in T2D (0.34 to 0.37
IU/kg, p < 0.001). No significant difference in the proportion
of ‡1 severe hypoglycaemia during Gla-300-therapy was
found in T1D/T2D.

Conclusions: Results of real-world data match to those of
prior randomized clinical trials and show that Gla-300 presents
an effective and safe option for the treatment of patients with
T1D and T2D.

Funding: Sanofi-Aventis.
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ATTD19-0198

BIOCHAPERONE GLUCAGON, A STABLE READY-TO-
USE LIQUID GLUCAGON FORMULATION ENABLED
BY BIOCHAPERONE TECHNOLOGY, IS WELL
TOLERATED AND QUICKLY RESTORES
EUGLYCEMIA AFTER INSULIN-INDUCED
HYPOGLYCEMIA

A. Ranson1, U. Hövelmann2, C. Seroussi1, D. Lamers2,
J. Correia1, E. Zijlstra2, G. Meiffren1, M. Gaudier1, O. Soula1,
D. Duracher1

1Adocia, Research & Development, Lyon, France
2Profil Neuss, Clinical, Neuss, Germany

BioChaperone Glucagon (BCG) is a stable, ready-to-inject,
aqueous formulation of human glucagon for hypoglyce-
mia rescue therapy enabled by the BioChaperone technology.
In this randomized, double-blind, three period, crossover
phase 1 clinical trial, we investigated the safety and efficacy
of two BCG formulations versus a commercially available
rescue glucagon formulation (GlucaGen� HypoKit, GEN) in
27 participants with type 1 diabetes. Under hypoglycemic
conditions (plasma glucose (PG) <60 mg/dL) induced by in-
travenous insulin infusion, participants received single sub-
cutaneous doses of 1 mg of BCG1, BCG2 or GEN. After
glucagon dosing, the intravenous infusion of insulin was
maintained until the end of the 4-h procedure at a rate corre-
sponding to 1- to 4-fold the usual basal insulin regimen of each
participant. Both BCG formulations were safe and well
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tolerated and the most frequent adverse event was mild nausea
with all three treatments. Both BCGs quickly restored plasma
glucose above 70 mg/dl after dosing (BCG1 11.5 – 5.0 min;
BCG2 10.0 – 3.5 min; GEN 7.3 – 1.8 min, p < 0.001 vs BCG1
& BCG2). Plasma glucose above 70 mg/dl was reached within
30 minutes by all but one patient with both BCGs and the mean
plasma glucose increase at 15 minutes was 29 – 17 mg/dl with
BCG1, 36 – 16 mg/dl with BCG2 and 47 – 11 mg/dl with GEN
(p < 0.001 vs BCG1 & BCG2). In conclusion, the BC tech-
nology allows the formulation of stable ready-to-use liquid
formulations of human glucagon suited for rescue therapy of
severe hypoglycemia.

097

New Medications for Treatment of Diabetes

ATTD19-0286

PHASE 3 COMPARISON OF DRUG PREPARATION
TIME AND THE SYMPTOMATIC RELIEF OF SEVERE
HYPOGLYCEMIA IN A READY-TO-USE LIQUID
GLUCAGON RESCUE PEN VERSUS GLUCAGON
EMERGENCY KIT

M. Christiansen1, S. Prestrelski2, M. Cummins Cummins2,
M.K. Junaidi2

1Diablo Clinical Research, Research & Development, Walnut
Creek- CA, USA
2Xeris Pharmaceuticals, Research & Development,
Chicago, USA

Objective: A novel ready-to-use stable liquid Glucagon
Rescue Pen (GRP; Xeris Pharmaceuticals) auto-injector, was
evaluated for relief of symptoms during rescue treatment of se-
vere hypoglycemia.

Method: A Phase 3 randomized, controlled, single-blind,
crossover clinical trial enrolled 81 adults with T1D to com-

pare subcutaneous 1 mg doses of the GRP versus Glucagon
Emergency Kit (GEK; Eli Lilly) to treat insulin-induced
severe hypoglycemia. Drug preparation time by trained
providers was recorded, and assessments of the overall sen-
sation of hypoglycemia were performed at each treatment
visit.

Result: Mean drug preparation time for GRP was significantly
faster than GEK (27.3 – 19.66 seconds, 97.2 – 45.06 seconds,
p < 0.0001). From decision to treat, subjects treated with GRP
experienced significantly faster mean time to resolution of the
overall feeling of hypoglycemia, compared to GEK (12.7 – 6.45
minutes, 15.3 – 8.01 minutes, p = 0.02). All subjects achieved
successful plasma glucose recovery. The overall incidence of
adverse events (AEs) was comparable in both groups; the most
commonly reported AEs were mild to moderate nausea (GRP
36.8%, GEK 33.2%) and vomiting (GRP 26.3%, GEK 14.1%).
No SAEs occurred related to GRP.

Conclusion: Prompt neurologic symptom relief is critical in
the rescue from severe hypoglycemic emergencies. From deci-
sion to treat, GRP resulted in faster delivery of a full glucagon
dose and achieved faster relief of the sensation of hypoglycemia
during insulin-induced severe hypoglycemia. GRP achieved
successful plasma glucose recovery in a reliable manner, was
safe and well tolerated, and had an incidence of nausea and
vomiting comparable to GEK. GRP is a viable alternative to
currently available GEK.
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ATTD19-0392

LIRAGLUTIDE-DEGLUDEC FIXED DOSE
COMBINATION IMPROVES NASH/NAFLD IN
PATIENTS WITH UNCONTROLLED TYPE II
DIABETES MELLITUS

K.P. Singh1, N. Bindra1, S. Prem1, M. Chhabra2, V. Rathi1,
R. Sharma1, P.E. Rai1

1Fortis Hospital, Endocrinology, Mohali, India
2Fortis hospital, Gastroenterology, mohali, India

Objective: Our previous studies have demonstrated that
standard treatment of diabetes does not cause significant im-
provement in NAFLD. Therefore, the present study was con-
ducted to evaluate the effects of Liraglutide-degludec fixed dose
combination (FDC) 3.6mg/100 IU on NAFLD with elevated
transaminases among patients with T2D. This combination has
recently been available in our country.

Material and Methods: A total of 34 patients (male-13,
female-21) with age group of 35–65 years, uncontrolled
with oral anti diabetic drugs and basal insulin were included in
the study. These patients had elevated transaminases and
NAFLD. Liraglutide-degludec FDC was given along with
other oral antidiabetic drugs and standard care. Selected
clinical and demographic profile and liver fat content were
recorded for all patients at both baseline and 24 weeks of
treatment. The hepatic steatosis was assessed using transient
elastography (Fibroscan) as CAP value and MR fat quantifi-
cation. Age, BMI, diabetes duration, FPG, PPG, HbA1c, lipid
profile, Microalbuminuria, RFT and LFT were also measured
at baseline and every 3 months. All adverse events were
recorded.
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Results:

Conclusion:

1. Liraglutide-degludec FDC is effective for reducing
hyperglycemia in uncontrolled diabetes

2. It also reduces hepatic steatosis and effectively cause
reversal of elevated transaminases as well as weight
reduction

3. We recommend liver histology study for efficacy of
this FDC in NASH treatment in T2DM
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ATTD19-0125

DIABETES ADVANCED NETWORK ACCESS (DANA) –
CONNECTING CARE TEAMS AND TECHNOLOGY:
PROVIDING AN INNOVATIVE TECHNOLOGY
RESOURCE REMOVING BARRIERS TO CARE

C. Broj1, K. Antinori-Lent2

1American Association of Diabetes Educators, Technology &
Innovation, Chicago, USA
2UPMC Shadyside Hospital, Nursing Education & Research,
Pittsburgh, USA

Background: Innovation is changing the way we manage,
monitor and treat diabetes. New technologies are emerging daily
and keeping up with the latest information is a challenge for any
clinician.

With the rapid evolution of technology, the proliferation of
patient-generated data, and the need to connect the care team
with the latest technology, a resource was needed to help prac-
titioners focus on what they do best—caring for their patients.

Methods: American Association of Diabetes Educators cre-
ated an online platform that provides a central repository of di-
abetes technology.

In 2017, AADE surveyed members and found:

� 93% of educators interested in learning new technolo-
gies

� 91% would recommend technology to patients,
� 85% did not have a centralized resource to learn more

In response to this need, AADE developed DANA, a robust,
always-current destination where

clinicians can:

� Research and review the latest devices and mobile apps
� Access technology-focused continuing education and

device training

� Participate in innovation-shaping research
� Search a repository of news and evidence-based re-

search

Results: Launched in August 2018, DANA is changing the
way educators work. A resource where members can learn about
the latest technology, is assisting in the adoption and utilization
of devices and apps in the clinical management of people with
diabetes. Averaging 4500 users a month, it’s becoming the go-to
technology tool for clinicians.

Conclusion: DANA is helping clinicians lead using technol-
ogy to achieve positive health outcomes. Case studies show
DANA is receiving enthusiastic feedback. AADE plans to extend
DANA with a robust phase II in 2019.
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ATTD19-0274

PRECLINICAL VALIDATION OF A CELL
ENCAPSULATION DEVICE TO TREAT TYPE 1
DIABETES

J. Magisson1, A. Sassi1, D. Xhema2, A. Kobalyan1,
C.T. Burcez1, P. Gianello2, R. Bouaoun1, S. Sigrist1

1Defymed S.A.S, R&D, Strasbourg, France
2Université catholique de Louvain, Laboratoire de Chirurgie
expérimentale CHEX, Brussels, Belgium

The bioartificial pancreas MailPan� consists of a pouch made
of semi-permeable membranes to encapsulate insulin-secreting
cells. Membranes are designed to allow rapid diffusion of glu-
cose, insulin, nutrients while rejecting IgG.

The selectivity of membranes was first validated in vitro.
Safety was then assed in rats, primates and pigs. Ability of the
device to prevent immunization of recipient against encapsu-
lated cells was assessed in rats. Finally, function of the device
filled with a rat beta cell line was assessed in a diabetic rat
model.

Diffusion tests performed on membranes revealed a rapid
passage of insulin, glucose and oxygen while no passage of
IgG was observed. Implantation of MailPan� device in peri-
toneal cavity of 6 non-diabetic Lewis rats resulted in a tran-
sient increase of a-2-Macroglobulin (a2M) and Monocyte
Chemoattractant Protein-1 (MCP-1), two weeks after im-
plantation, then rapidly resolved. These data together with
histological analyses after implantation in rat, pigs and pri-
mates showed that the device is very well accepted. Injection
of allogeneic islets in the device did not result in a significant
increase of plasmatic a2M and MCP-1, and no antibodies
against donor Major Histocompatibility Complex were de-
tected in the serum of recipients. In diabetic rats, MailPan�

device filled with rat beta cells was able to normalize gly-
caemia, and restore glucose tolerance.

Taken together, these data demonstrate that MailPan�

is one of the most promising solutions for cell therapy in
type 1 diabetes treatment, and could also be translated to
other cell therapy applications, which require an encapsula-
tion device.
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ATTD19-0061

CONTRADICTORY C-PEPTIDE EFFECTS ON
MICROVASCULAR AND MACROVASCULAR
ENDOTHELIUM IN DM2

Y. Gurfinkel Ilyich1, A. Ametov Sergeevich2,
G. Argimatova Shevketovna3, O. Suchkova3

1Lomonosov Moscow State University Medical Research and
Educational Center, Laboratory of Blood Microcirculation-
head, moscow, Russia
2Russian Medical Academy of Continuous Professional
Education Studies under The Ministry of Health Care of Russia,
Head of the endocrinology and diabetology chair,
Moscow, Russia
3Botkin City Hospital, brunch #1 Oftalmological,
Moscow, Russia

Background: For one-stage microvessels, macrovessels as-
sessment digital nailfold capillaroscopy with pulse tonometry
were performed. Between C-peptide three grades patients with
low (£400 pmol/l-1st) normal (400–999.9-2nd) and highly-
normal C-peptide (‡1000 pmol/l-3nd subgroup) levels vascular
parameters in context of same glycemia were compared. Thus, 3
glycemic control groups were formed: with HbA1C<7% (N = 46),
7£HbA1C<9% (N = 64) and HbA1C‡9% (N = 51).

Results: In HBA1C<7% C-peptide highly-normal level shows
a capillaroprotective effect with arterial (p2<0.005), venous
segment expansion (p2<0.005), capillary tortuosity decrease
(p2 = 0.02), but it has a negative effect on the arteries with en-
dotelial dysfuntion (p2 = 0.04), increased pulse wave velocity
(p2 = 0.05), pulse increase (P2 = 0.03).

In 7%£HbA1C<9% C-peptide highly-normal level reflected
capillaroprotective effect with less extent then in HBA1C<7%.
Capillary expansion with apex segment expansion (p2<0.01),
arterial segment expansion tendency (p = 0.06), and polymor-
phism (P2 = 0.26) were revealed. Among patients of 3rd subgroup
increased arterial stiffness, endothelial dysfunction, elevated BP
were found.

In HbA1C‡9% C-peptide highly-normal level positive capillary
effect wasn’t found, on the contrary it affects negatively capillaries
with tortuosity increase (p = 0.04), density decrease tendency
(p = 0.5), remodeling coeffiient increase tendency (p2 = 0.47). The
negative capillary reaction to C-peptide ‡1000 pmol/l under
HBA1C‡9% is probably associated with insulin resistance, glucose
toxicity. Macrovascular parameters didn’t differ significantly de-
pending on C-peptide level.

Conclusion: Different reactions of microvascular and mac-
rovascular endothelium to C-peptide highly-normal level in
DM-2 were revealed: in capillaries - favorable changes in their

expansion, tortuosity reduction, while in arteries - negative
changes with endothelial dysfunction and increased stiffness,
which may be associated with different microvascular and
macrovascular endothelium insulin receptors sensitivity.
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ATTD19-0075

SOME PARAMETERS OF CARBONYL AND
OXIDATIVE STRESS IN PATIENTS WITH TYPE 2
DIABETES MELLITUS AND MACROANGIOPATHY
OF THE LOWER EXTREMITIES

L. Kolesnikova1, N. Shemyakina2, E. Namokonov2,
M. Darenskaya1, L. Grebenkina1, S. Kolesnikov3

1Scientific Centre for Family Health and Human Reproduction
Problems, personalized medicine, Irkutsk, Russia
2Chita State Medical Academy, General and Specialized
Surgery, Chita, Russia
3Scientific Centre for Family Health and Human Reproduction
Problems- Moscow State University Lomonosov M.V.,
personalized medicine, Irkutsk- Moskow, Russia

Background and Aims: The complications are the main
cause disability and mortality of patients with diabetes.Oxidative
stress is considered important in the pathogenesis of vascular
complications. The aim is to study of carbonyl and oxidative
stress some parameters in patients with type 2 diabetes mellitus
(T2DM) and macroangiopathy of the lower extremities.

Methods: 40 men with T2DM and macroangiopathy of the
lower extremities, 20 men with T2DM without such complications
and 30 (healthy men) - control group were involved in the study.
Methods of high-performance liquid chromatography were used.

Results: The malonic dialdehyde content in the T2DM group
without macroangiopathy was higher than in the control group
(by 112%), and in the group with macroangiopathy of the lower
extremities there was an increase by 30% in relation to the control
and a decrease by 28% in relation to the group without complica-
tions. The development of macroangiopathy of the lower extremities
in patients with T2DM is accompanied also by an intensification of
carbonyl stress (an increase glyoxal (by 11 time) and methylglyoxal
levels (by 13 times)) in relation to the control group. There were also
changes in the antioxidant defense system in these patients.

Conclusion: The obtained results indicated on prevalence of
carbonyl and oxidative stress in patients with type 2 diabetes with
macroangiopathy of the lower extremities. The level of param-
eters of carbonyl and oxidative stress may be the criteria for the
development of vascular complications in patients with type 2
diabetes mellitus and macroangiopathy of the lower extremities.
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ATTD19-0227

REMOTE MONITORING OF CGM DATA FOLLOWED
BY TELE-CONSULTATIONS IN A PEDIATRIC TYPE 1
DIABETES POPULATION: CHOOSING THE RIGHT
PATIENTS TO ACHIEVE VALUE BASED HEALTH-
CARE

I. Gies1, J. Vanbesien1, A. Hansart1, M. Hamddan Lachkar1,
C. Devisscher1, B. Vermeulen2

1University Hospital Brussel, Pediatrics, Brussels, Belgium
2imec-UGent, IDLab, Gent, Belgium

Background and aims: Improvement of metabolic outcome
must be balanced against the economic burden of CGM use. We
wanted to characterize whether CGM use can be leveraged by
tele-consultations.

Methods: CGM data from 47 T1DM patients (3–18 years) on
Guardian Connect were automatically uploaded in the hospital files
between April and October 2017. Bi-weekly tele-consultations
were implemented. Patients were divided into a compliant group,
following the insulin treatment changes, and an uncompliant group.
HbA1C, time-in-hypo, days-in-hospital and QOL (DQOLY ques-
tionnaire) were measured in a cross-over study investigating 6
months before tele-consultations (T0), 3 and 6 months with tele-
consultations (T1;T2), and 6 months without tele-consultations
after a 6 months washout period (T3).

Results: Baseline HbA1C(–SD) for the total group was
7.7 – 1% and did not change significantly; time-in-hypo de-
creased from 8 – 5%(T0) to 5 – 3%(T2) (p = 0.002) and increased
to 6 – 4%(T3) (p = 0.143). HbA1C of patients with HbA1C >
7.5% at T0 decreased significantly from 8.3 – 0.6% to 8 – 0.7% at
T1 (p = 0.024), to 8.1 – 1% at T2 (p = 0.176) and increased to
8.3 – 0.9 at T3 (p = 0.495). In compliant patients (n = 8) with
baseline HbA1C >7.5%, HbA1C changed significantly from
8.1 – 0.5%(T0) to 7.6 – 0.4%(T1) (p = 0.029), 7.3 – 0.3% at T2
(p = 0.001), and to 7.9 – 0.9% at T3(p = 0.035). Number of seri-
ous hypos in this group decreased from 9(T0) to 1(T2) and 1(T3);
days-in-hospital (for diabetes) from 7(T0) to 0(T2 and T3). QOL
did not change significantly.

Conclusions: A real benefit from tele-consultations in pedi-
atric CGM patients was only seen in compliant patients with
HbA1C above 7.5%. Targeted use of tele-consultations can in-
crease the metabolic and economic benefit of CGM use.
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ATTD19-0241

DEAPP – DIABETES EDUCATION APPLICATION - A
NEW STRUCTURED EDUCATION PROGRAMME FOR
NEWLY DIAGNOSED CHILDREN WITH TYPE 1
DIABETES

M. Atkins1, J. Greening2, S. Lockwood-Lee2

1Birmingham Women’s and Children’s NHS Foundation Trust,
Diabetes Home Care Unit, Birmingham, United Kingdom
2University Hospitals of Leicester NHS Trust, Leicester
Children’s Diabetes, Leicester, United Kingdom

Our programme delivers the full Type 1 Diabetes curriculum
at diagnosis using a fun and exciting structured educational
course via Flipped Learning. Children first learn about Type 1
Diabetes by downloading ‘‘deapp’’, an educational application,
onto their own mobile devices. Following registration, patients
can sequentially view the whole curriculum by watching video
sessions.

The animated videos have been developed in collaboration
with clinicians, product designers and educationalists, to deliver
age and language appropriate content. Lesson plans cover a de-
fined curriculum that runs alongside the application. These are
matched to physical educational resources.

Diabetes health care professionals have had training on how to
use the application and test patient’s knowledge acquisition,
thereby ensuring consistency of delivery. This process of training
and education is a form of Flipped Learning. This is where the
patient first learns the theoretical knowledge and is tested by the
healthcare professional to check their application of that
knowledge.

Since March 2017, 133 newly diagnosed patients from across
ten sites have used deapp. Following completion of deapp edu-
cation, these patients have been signed off as safe for discharge.

Deapp demonstrates the ability to deliver structured education
to patients at diagnosis. The content is no different to previous
education at diagnosis; however it is using a new mode of de-
livery via the Flipped Learning approach. Essential findings have
shown that this education provides at least equivalent glycaemic
control and patients reported measures as to previous education.
Deapp is an easily accessible application that puts the fun back
into learning.
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ATTD19-0484

AYTOMATIC NUTRIENT ESTIMATION FOR
HOSPITALISED PATIENTS

M. Vasiloglou1, Y. Lu1, S. Christodoulidis1, T. Stathopoulou1,
Z. Stanga2, S. Mougiakakou1

1ARTORG Center for Biomedical Engineering Research,
University of Bern, Bern, Switzerland
2Division of Diabetes- Endocrinology- Metabolism and Clinical
Nutrition, Bern University Hospital ‘‘Inselspital’’,
Bern, Switzerland

Background and Aims: Dietary assessment and appropriate
nutrition management is of high importance for hospitalized
patients, as it is associated with improved outcomes, reduced
incidence of complications, and reduced length of stay. Although
various approaches have been applied, they are non- or semi-
automatic and rely on the expertise of the involved specialist.
Scope of the present research is to introduce a fully automatic,
portable system, able to real-time estimate the nutrient content of
a patient’s tray.

Method: The basic components of the system are: (i) an
RGBD sensor, (ii) a food image analysis module based on AI,
(iii) food image databases, and (iv) nutrient and recipe databases.
In a typical scenario, the meal is placed on a table under the
sensor before and after eating. The RGBD sensor captures colour
images together with depth. Then, the captured images are au-
tomatically processed by the food image analysis module, which
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utilizes the visual and nutritional databases to detect the food,
calculate the consumed quantity and estimate the calorie and
nutrient information.

Results: Preliminary results are presented in Figure 1.
Conclusion: The newly introduced and under development

system shows promising results and intendsto be used for die-
tary assessment of hospitalized patients in an attempt to tackle
malnutrition and support the nutrition management of diet-
related diseases, such as diabetes, in the case of hospitalised
patients.
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ATTD19-0039

A CONTROLLER FOR BLOOD GLUCOSE
REGULATION BASED ON MODULATION OF INSULIN
SENSITIVITY IN PEOPLE WITH TYPE I DIABETES

A. Güemes González1, P. Herrero1, P. Georgiou1

1Centre for Bio-inspired Technology- Institute of Biomedical
Engineering, Imperial College London, London,
United Kingdom

Background: Despite new technology developed for dia-
betes management, glucose control remains suboptimal es-
pecially during meals. In recent years, bioelectronic medicine
has shown promise for management of glucose fluctuations
by controlling the insulin sensitivity (SI) through modula-
tion of neural pathways. Within this context, in this work we
present a proof-of-concept of the first closed-loop system that
incorporates SI as an additional control variable for glucose
regulation.

Method: The coordinated bi-hormonal bio-inspired controller
(BiAP) for type 1 diabetes mellitus (T1DM) was extended by
including a standard proportional-derivative (sPD) controller to
determine the optimal SI from continuous blood glucose mea-
surements. The tuning of the parameters of the resulting hybrid
hormonal-insulin sensitivity glucose (InSiG) controller, and a
comparison in performance with BiAP, were carried out on a
virtual population of subjects with T1DM (n = 20, 10 adults and
10 adolescents). A statistical analysis of the differences between
controllers was performed using the parametric student paired t-
test (a = 0.01).

Results: InSiG significantly increased the percentage of time
glucose levels were within target (70–180 md/dL) to 99.4 – 1.0%
in adults and 96.4 – 4.6% in adolescents (p < 0.01), while not in-
creasing hypoglycemia. In addition, the insulin and glucagon do-
ses significantly decreased in adults and adolescents in comparison
with the bi-hormonal BiAP (p < 0.01).

Conclusions: The presented controller shows for the first time
the potential of controlling glucose through modulation of SI.
Moreover, these findings serve as motivation to design technol-
ogy to adjust the insulin sensitivity of the people with diabetes
through the nervous system, emphasising the future promise of
bioelectronic medicine.
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ATTD19-0055

INTRAPERITONEAL AND SUBCUTANEOUS
GLUCAGON DELIVERY IN PIGS: EFFECTS ON
CIRCULATING GLUCAGON AND GLUCOSE LEVELS

M.K. Åm1,2, I. Dirnena-Fusini1, A.L. Fougner3, S.M. Carlsen1,2,
S.C. Christiansen1,2

1Norwegian University of Science and Technology NTNU,
Department of Clinical and Molecular Medicine,
Trondheim, Norway
2St. Olav’s Hospital, Clinic of Medicine - Department of
Endocrinology, Trondheim, Norway
3Norwegian University of Science and Technology NTNU,
Department of Engineering Cybernetics, Trondheim, Norway

Glucagon has received renewed interest, and particularly in
the development of a dual hormone artificial pancreas (AP).
Most of the research investigates the double subcutaneous (SC)
approach, i.e. both measuring glucose and delivering insulin in
SC tissue. The slow dynamics of the SC tissue however, mo-
tivates for investigation of the intraperitoneal (IP) space both
for glucose sensing and hormone delivery. The effect of IP
glucagon delivery is poorly studied. The primary aim of this
study was to compare the glucose dynamics after IP and SC
glucagon delivery.

Ten anaesthetized, non-diabetic pigs (35–50 kg) were given
three different glucagon boluses in randomized order. Boluses
of 0.3 lg/kg and 0.6 lg/kg were given in the upper right part of
the IP cavity and a bolus of 0.6 lg/kg was injected SC. In addi-
tion, 1 mg glucagon was given IP as the fourth and last bolus to
test maximum glucose response. Blood samples were frequently
drawn for glucose and glucagon analysis. Endogenous insulin
and glucagon release were suppressed by repeated doses of so-
matostatin analogue.

Most of the glucagon boluses had a glucose increasing effect,
but the preliminary analysis shows great variation in glucose
responses:

The mean maximum effect on glucose was 1.66, 1.46 and
1.19 mmol/L for 0.6 lg/kg IP, 0.3 lg/kg IP and 0.6 lg/kg SC
glucagon, respectively.

Mean time to maximum effect was 21.2, 28.8 and 15.5 min for
0.6 lg/kg IP, 0.3 lg/kg IP and 0.6 lg/kg SC, respectively.

Results of glucagon analysis, statistical analysis and further
discussion will be presented.
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ATTD19-0111

LONG-TERM SAFETY AND TOLERABILITY OF
DASIGLUCAGON, A STABLE-IN-SOLUTION
GLUCAGON ANALOG

J. Castle1, M. Elander2, S. O’Halloran3

1Oregon Health & Science University, Department of Medicine-
Division of Endocrinology, Portland- OR, USA
2Zealand, Senior Toxicologist, Glostrup, Denmark
3Covance, Senior Study Director, Harrogate, United Kingdom

Several groups are developing fully integrated dual-hormone
artificial pancreas systems. These systems hold the potential to
transform management of type 1 diabetes, but in order to be
realized these systems require a stable-in-solution glucagon an-
alog suitable for chronic use. Dasiglucagon is a novel glucagon
analog stable in liquid formulation. The present studies evaluated
safety and tolerability of chronically administered dasiglucagon.

Rats and dogs were dosed s.c. daily for 26 and 39 weeks, re-
spectively, in 4 groups of 20 rats with 0 (vehicle), 0.5, 2, or
8 mg/kg/day; 4 groups of 4 beagle dogs with 0, 0.02, 0.1, or
0.3 mg/kg/day.

Chronic administration of dasiglucagon multiple times above
relevant human doses was well tolerated. All findings were con-
sistent with the known pharmacological effects of glucagon and
showed full/partial recovery after 4-week, treatment-free periods.
Glucose and insulin levels increased in all treated animals. In dogs,
heart rate increased at 0.1 and 0.3 mg/kg/day. Liver and kidney
weights increased at all dose levels in both species, and microscopic
pathology demonstrated an increase in hepatocyte glycogen vacu-
olation and increased incidence of background lesions in the kid-
neys (progressive nephropathy in rats and hyaline/granular casts in
dogs). Heart weights increased with no histopathological correlate.

The NOAEL (no observed adverse effect level) dose of
2 mg/kg/day in rats and 0.1 mg/kg/day in dogs represents expo-
sure multiples (AUC) of 22 and 2 compared to anticipated human
doses of up to 1 mg/day.

These findings support long-term human testing of dasiglu-
cagon in dual-hormonal artificial pancreas systems.
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ATTD19-0113

A BREAKTHROUGH IN DIABETES TREATMENT
REPLACING INSULIN

S. Herchcovici1

1Hadassah medical center, Recherche, jerusalem, Israel

Betalin Therapeutics is developing an Engineered Micro
Pancreas (EMP) based on our proprietary technology of tissue-
derived acellular micro-organ matrix technology, reducing or
eliminating diabetes patients’ dependence on insulin therapy.
The United States, along with other growing countries such as
China, have been affected by a dramatically increasing preva-
lence of diabetes. Today, the etiology of both type 1 and type 2
diabetes is thought to revolve around the dysfunction of b-cells,
the insulin producing cells of the body. When b-cells are attacked

either by chronic inflammation or autoimmunity, the loss of in-
sulin production leads to increased blood glucose levels and
eventually resulting in diabetes. Our product, EMP1 is a com-
bination of a micro-organ matrix (MOM), implanted with ß cells
mimicking the native human pancreatic insulin producing cell
function and restoring insulin production in patients with Type 1
& 2 Diabetes Mellitus (T1D & T2D). The 3D micro-scaffold
provides an essential supportive microenvironment for long-term
survival and functioning of islet cells (in particular beta cells),
thus ensuring long-term islet cells viability and insulin secretion.
The EMP is implanted using a simple procedure, wherein the
patient is provided with a local anaesthetic and the combined
product is injected using a larger-gauge needle or implanted
subcutaneously. The procedure, overall, does not require any
more invasive surgery. Our previous results showed that EMPs
are viable and secrete quantities of insulin per cell, similar to
freshly isolated human islets in a glucose-regulated manner, for
more than three months in vitro.
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ATTD19-0138

INTRAPERITONEAL INSULIN ADMINISTRATION IN
PIGS: EFFECT ON CIRCULATING INSULIN AND
GLUCOSE LEVELS

I. Dirnena-Fusini1, M.K. Åm1,2, A.L. Fougner3, S.M. Carlsen1,2,
S.C. Christiansen2

1Norwegian University of Science and Technology NTNU,
Department of Clinical and Molecular Medicine,
Trondheim, Norway
2St. Olav’s Hospital, Clinic of Medicine - Department of
Endocrinology, Trondheim, Norway
3Norwegian University of Science and Technology NTNU,
Department of Engineering Cybernetics, Trondheim, Norway

Objective: Investigate different insulin boluses after intra-
peritoneal delivery, with respect to the dynamics of insulin level
increase in blood and the effect on blood glucose level

Research design and methods: Eight anaesthetized, non-
diabetic pigs (36–42.6 kg, Mean – SD 39.5 – 2.7) were given
three different insulin boluses (2U, 5U or 10U) in the upper right
part of the peritoneal cavity. The order of boluses for the last six
pigs was randomized. Endogenous insulin and glucagon pro-
duction were inhibited by repeated octreotide and pasireotide
injections. The first pig was used to obtain information about
necessary infusion rate of glucose to maintain stable glucose
value throughout the experiments. The last seven pigs received a
continuous glucose infusion (8 g/h). Blood samples were col-
lected at least every 5 minutes. Exogenous and eventual detect-
able endogenous circulating insulin levels were measured with
ELISA kits (Mercodia, Sweden). The limit of detection of the
porcine insulin assay was 0.02lg/L and of iso-insulin assay it
was 0.13 lg/L.

Results: Octreotide and pasireotide had the wanted effect on
insulin production, and endogenous insulin was not detectable
(lower than 0.02lg/L) during the experiments.

Decrease of blood glucose level was observed 20 minutes after
all insulin boluses. Blood glucose level changed as expected: The
2U insulin bolus had the smallest blood glucose decreasing effect
and the 10U insulin bolus had the largest glucose level de-
creasing effect.
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Results of insulin analysis, statistical analysis and further
discussion will be presented.
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ATTD19-0147

INFLUENCE OF PHYSICAL ACTIVITY (IPA): A NEW
WAY TO QUANTIFY CUMULATIVE EFFECT OF
SPORT ON INSULIN SENSITIVITY

M. Doron1, R. Blanc1, H.M. Romero Ugalde1, P.Y. Benhamou2,
G. Charpentier3, S. Franc3, E. Villeneuve1, P. Jallon1

1Univ. Grenoble Alpes- CEA- LETI- F-38000 Grenoble
France., Univ. Grenoble Alpes- CEA- LETI- F-38000 Grenoble
France., Grenoble, France
2Univ. Grenoble Alpes CHU Grenoble 38043 Grenoble-
France., Univ. Grenoble Alpes CHU Grenoble 38043
Grenoble- France., Grenoble, France
3CERITD Bioparc Genopole Campus 3 bâtiment 5 1 rue Pierre
Fontaine 91058 Evry- France., Centre Hospitalier Sud-
Francilien, Evry, France

Objective: Physical activity (PA) commonly affects Com-
pensation Ratio (CR in U/(g/L)), a surrogate of insulin sensi-
tivity, but this effect is not quantified and disturbs the glycaemia
regulation. A new variable, named Influence of Physical Activity
(IPA) is proposed to explain the variability in insulin sensitivity.
It should include the cumulative effect of PA.

Method: IPA is defined from PA events (3-level based intensity
and duration) and, similarly to Insulin On Board, exponentially
decreases with time. When possible (far from meals events), an
event-specific evCR is estimated using insulin activity and gly-
caemia decrease. The relationship between evCR normalized by
the current CGM (nCR), and corresponding IPA is studied.

Results: Diabeloop DBLG1 is an artificial pancreas designed
for adults for which the closed-loop outpatient study containing
Continuous Glucose Measurement (CGM), insulin infusion,
meals and PA lasted 12 weeks (Id: NCT02987556). We focus on
two subjects who regularly performed PA. The linear correlation
between IPA and nCR for both patients was 0.54 (p = 0.004) and
0.62 (p = 0.05) respectively. This shows that the new IPA vari-
able can significantly explain the variation of nCR.

Conclusion: In this preliminary work we have demonstrated
the relevance of IPA and its correlation with nCR. Although
based on a few events, this new variable IPA paves the way to
quantify the impact of sustained PA on insulin sensitivity. This
conclusion should be confirmed with more observations. In
practice, this relationship could be used for a better diabetes
management, in particular for sizing compensation bolus after
PA or for hypoglycemia reduction.
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DIWHY–MOTIVATIONS, BARRIERS AND
RETENTION FACTORS OF DIY ARTIFICIAL
PANCREAS USERS IN REAL WORLD USE

K. Braune1, S. O’Donnell2, B. Cleal3, I. Willaing3, A. Tappe4,
D. Lewis5, B. Hauck6, R. Scibilia7, E. Rowley8, W. Ko9,
G. Doyle10, T. Kechadi2, T.C. Skinner11, K. Raile1

1Charité - Universitaetsmedizin Berlin, Department of
Paediatric Endocrinology and Diabetes, Berlin, Germany
2University College Dublin, The Insight Centre for Data
Analytics, Dublin, Ireland
3Steno Diabetes Center, Diabetes Management Research,
Copenhagen, Denmark
4AndroidAPS, AndroidAPS, Linz, Austria
5OpenAPS, OpenAPS, Seattle, USA
6#dedoc�, German Diabetes Online Community,
Berlin, Germany
7Diabetes Australia, Diabetes Australia, Canberra, Australia
8T1International, T1International, Cheltenham,
United Kingdom
9International Diabetes Federation Europe, International
Diabetes Federation Europe, Brussels, Belgium
10University College Dublin, Michael Smurfit Graduate
Business School, Dublin, Ireland
11Københavns Universitet, Department of Psychology,
Copenhagen, Denmark

Digital innovations in healthcare up until recently have typi-
cally followed a ‘top-down’ pathway, with manufacturers leading
the design and production of technology-enabled solutions and
patients involved only as users of the end-product. However, this
is now being disrupted by the increasing influence and popularity
of more ‘bottom-up’ and patient-led open source initiatives.
A leading example is the growing movement of people with di-
abetes (PwD) who create their own ‘‘do-it-yourself’’ artificial
pancreas systems (DIY APS) through remote-control of medical
devices with an open source algorithm.

Little is known about why PwD leave traditional pathways and
turn to DIY technology. This study aims to examine the moti-
vations of current DIY APS users and to explore the barriers to,
and facilitators of, building and maintaining such systems and
how they might differ by socioeconomic status, ethnicity, gender
and age. An online survey with 34 items will be distributed to
participants recruited through the Facebook group ‘‘Looped’’
and Twitter pages of the ‘‘DOC’’ (Diabetes Online Community).
Collected data will be transmitted to the REDCap database.
Additionally, participants will be invited to reflect on their mo-
tivations behind DIY-looping, to share their individual patient
journey, and to describe any changes they have experienced in
their day-to-day lives through a series of open-ended questions.

As part of the EU-H2020 funded ‘‘OPEN’’-project, this study
will provide a better understanding of the unmet needs of PwDs
and current challenges to uptake, which will, in turn, facilitate
dialogue and collaboration to strengthen the involvement of open
source approaches in healthcare.
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FUZZY CLUSTERING BASED SEASONAL
STOCHASTIC LOCAL MODELING FRAMEWORK
FOR GLUCOSE PREDICTION IN TYPE 1 DIABETES

J.L. Diez1, E. Montaser1, M. Rashid2, A. Cinar2, J. Bondia1

1Universitat Politècnica de València, Instituto Universitario de
Automática e Informática Industrial, Valencia, Spain
2Illinois Institute of Technology, Department of Chemical and
Biological Engineering, Chicago, USA
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Objective: Stochastic seasonal models (SARIMA/SAR-
IMAX) have shown improved glucose prediction compared to
their non-seasonal counterparts. However, seasonal models need
‘‘similar enough’’ glycaemic responses to correctly identify their
parameters. A fuzzy clustering based local modeling framework
is presented to take full advantage of seasonality for improved
glucose prediction.

Methods: Long-term simulated data (6 months for identifi-
cation, and 6 months for validation) were generated and parti-
tioned into a set of ‘‘event-to-event’’ time subseries, driven by
meals and night period, to enforce seasonality. Identification data
subset was clustered using a modified Fuzzy C-Means algorithm
and a SARIMA local model was identified for each cluster.
Glucose predictions were computed from weighted SARIMA
local models (WLM-SARIMA) following the cluster structure.
Finally, WLM-SARIMA and single model SARIMA forecasting
capabilities were compared for different prediction horizons
(PH) via the mean absolute percentage error (MAPE) by using
validation data.

Results: SARIMA (2,0,2) (1,0,1)99 achieved the following
MAPEs (%): 4.05, 8.11, 15.23, 19.01, and 21.53 (for PH of 30, 60,
120, 180, and 240 minutes, respectively). Using the same model
structure, the WLM-SARIMA approach MAPEs were signifi-
cantly lower: 3.14, 6.37, 11.93, 14.10 and 15.45 (p < 0.05 for all
PHs). WLM-SARIMA allowed to double the PH for a similar
MAPE. Additionally, WLM-SARIMA MAPE showed a lower
maximum MAPE and covariance than using the single SARIMA
model (WLM-SARIMA 4-h PH [maximum MAPE/covariance]:
56.37 / 102.20; SARIMA 2-h PH: 81.22 / 110.73).

Conclusions: WLM-SARIMA framework improves single
model SARIMA forecasting capabilities, and the longer the
prediction horizon the higher the improvement.

Funding: MINECO DPI2016-78831-C2-1-R; EU FEDER.
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DATA-DRIVEN ROBUST CONTROL FOR A CLOSED-
LOOP ARTIFICIAL PANCREAS

N. Paoletti1, K.S. Liu2, H. Chen3, S.A. Smolka2, S. Lin3

1Royal Holloway- University of London, Computer Science,
Egham, United Kingdom
2Stony Brook University, Computer Science, Stony Brook, USA
3Stony Brook University, Electrical and Computer Engineering,
Stony Brook, USA

Background and Aims: Designing a fully closed-loop arti-
ficial pancreas (AP) that operates independently of meal an-
nouncements is challenging because blood glucose (BG) levels
are significantly affected by unknown disturbances related to the
patient behavior, namely, meals and physical activity. The pur-
pose of this work is to study the application of data-driven
models of patient behavior to account for such unknown dis-
turbances in AP control.

Methods: We use a virtual patient based on the model of
Jacobs et al. (2016), which extends the Hovorka model to ac-
count for the effect of exercise. We develop a robust model
predictive controller (MPC) that derives the insulin therapy
maximizing the worst-case performance with respect to so-
called uncertainty sets, which capture the unknown future

patient behavior. We learn uncertainty sets from data using the
method of Bertsimas et al. (2018), which provides probabi-
listic guarantees that thus computed therapy accounts for all
behaviors induced by the unknown data-generating distribu-
tion. We evaluate our data-driven robust controller in differ-
ent in silico experiments, including one-day simulations with
patient behavior learned from population-wide survey data
(CDC NHANES).

Results: In the experiments using CDC NHANES data, our
data-driven insulin controller maintains, without announce-
ments, euglycemia for 89.78% to 94.2% of the time, with 1.11%
to 2.4% of the time in hypoglycemia.

Conclusions: Results show the promise of using predictive
data-driven models of patient behavior to enhance AP control
towards fully closed-loop insulin therapy.
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COMPARISON OF PARAMETRIC LINEAR MODEL
IDENTIFICATION TECHNIQUES FOR PREDICTION IN
TYPE 1 DIABETES

S. Faccioli1, S. Del Favero1

1University of Padova, Department of Information Engineering
DEI, Padova, Italy

Objective: We considered the problem of predicting future
values of glucose in Type 1 diabetes patients, exploiting infor-
mation on injected insulin, carbohydrates intake and past glucose
samples.

Derivation of individualized predictors is crucial to cope with
the wide inter- and intra-subject variability: in this direction, we
explored different parametric linear black-box identification
techniques to derive patient-tailored predictors.

Research Design and Methods: Different parameterizations
(i.e., ARX, ARMAX and BoxJenkins), and different automatic
techniques to choose individual-specific orders (i.e., parsimony
criteria, like AIC and BIC, and cross-validation) were consid-
ered. A model for each combination was identified using the
mainstream technique in system identification, the Prediction
Error Method, on 100 virtual subjects created using the UVA/
Padova T1D Simulator.
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In order to find the best model class and order selection cri-
terion, we computed Coefficient of Determination (COD) at
different prediction horizon, and compared the results using
ANOVA.

Results: Similar performances were found for the 5-min
prediction, both between model classes, and between order se-
lection criteria (median COD = 99.3%, and, respectively, p-
value = 0.5 and 0.3). Regarding the 3-hr prediction COD, the
table below reports the median values for the different combi-
nations, with the respective p-values.

Conclusions: No significant difference was found neither
between model classes, nor between order selection criteria.
However, the results suggest that we could use more complex
parameterization (ARMAX or BJ) in order to model a complex
system like the glucose-insulin one.
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MODEL-BASED ASSESSMENT OF EXERCISE EFFECT
ON INSULIN-INDEPENDENT AND INSULIN-
DEPENDENT GLUCOSE UTILIZATION IN HEALTHY
SUBJECTS

D. Romeres1, M. Schiavon1, A. Basu2, C. Cobelli1, R. Basu2,
C. Dalla Man1

1University of Padova, Department of Information Engineering,
Padova, Italy
2University of Virginia, Division of Endocrinology,
Charlottesville, USA

Background and Aim: Exercise effects on whole body glu-
cose utilization occur through insulin dependent (IDGU) and
insulin independent (IIGU) mechanisms. However, accurate
quantification of these processes by physiological models have
not been conducted in humans.

Methods: We studied six healthy subjects (age = 28.2 – 4.2 yr,
BMI = 23.6 – 1.0 kg/m2) during, before and after a 60 min exercise
session at 65% VO2max on three occasions. Glucose turnover
was measured with the isotope dilution clamp technique using
[6,6-2H2]glucose. Visits were randomized to V1: euglycemia-low
insulin; V2 euglycemia-high insulin and V3: hyperglycemia-low
insulin.

A battery of single-compartment kinetic models was tested,
differing in the time course of exercise induced changes in model
parameters: immediate vs delayed effect on IDGU and/or IIDU.
Model selection was based on parsimony criteria.

Results: The best model assumes an exercise induced im-
mediate effect on IIGU with a delayed effect on IDGU. The
model predicted that exercise effect on IDGU was significantly
higher in V1 vs. V2 or V3, while exercise effect on IIGU did not
differ between visits (Figure 1).

Conclusion: Results show that, in healthy subjects, exercise
acts both on IIGU and IDGU. However, while exercise effect on
IIGU was independent of prevailing glucose and insulin con-
centrations, the action on IDGU was significantly reduced in
hyperglycemic and hyperinsulinemic states.
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THE IMPACT OF TECHNOLOGY ON INTIMACY
AMONG ADULTS WITH T1D AND THEIR PARTNERS

K. Garza1, L. Weil E.G.2, L. Anderson3, D. Naranjo4,
K. Hood K.4, L. Laffel5, K. Barnard D.6, J. Weissberg-Benchell7

1Lurie Children’s Hospital of Chicago, Department of
Psychiatry, Chicago, USA
2Northwestern University Feinberg School of Medicine,
Department of Psychiatry and Behavioral Sciences,
Chicago, USA
3Lurie Children’s Hospital of Chicago, Psychiatry,
Chicago, USA
4Stanford University School of Medicine, Department of
Psychiatry, Stanford, USA
5Harvard Medical School, Joslin Diabetes Center,
Cambridge, USA
6Bournemouth University, Bournemouth University,
Bournemouth, United Kingdom
7Ann & Robert H. Lurie Children’s Hospital of Chicago and
Northwestern University Feinberg School of Medicine,
Department of Psychiatry, Chicago, USA

Background and Aims: Prior research examining relation-
ship intimacy among persons with type 1 diabetes (PWD) typi-
cally focuses on sexual dysfunction that can occur in T1D;
however, limited research examines the impact of diabetes
technology on intimacy and relationships among PWD. The
current study evaluated the expectations of PWD and their
partners for how advances in technology may impact physical
intimacy.
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Methods: The INSPIRE study usedfocus groups and inter-
views to explore expectations for automated insulin delivery
systems. The current analysis extracted data regarding the impact
of technology on relationship intimacy among adults with T1D
(n = 113) and their partners (n = 55).

Results: Thirty-five (30.9%) PWD and seven (12.7%) part-
ners made references to intimacy, and two primary themes were
identified: (1) vulnerability of PWD in romantic relationships
and (2) challenges technology presents for physical intimacy.
Participants expressed hope that new technology maydecrease
vulnerability by increasing control over diabetes disclosure and
lowering visibility of diabetes tasks. Participants expressed hope
that regardless of new technology complexity, the systems would
be small, unobtrusive, limit risk of injury during intimacy, and
decrease interference during intimate moments. Surprisingly,
participants also reported reduced fear about diabetes compli-
cations due to improved control.

Conclusions: PWD expressed hopes that new technology will
improve relationship intimacy through flexibility in diabetes
management, increased control regarding diabetes disclosure,
improved technology, and smaller devices. Patient-reported
outcomes should be incorporated in system development and
provider discussions within clinic appointments because the
impact of these systems on intimacy and relationships may in-
fluence technology uptake and continued use.
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THE ROLE OF INFLAMMATION IN LIMITING
EFFECTIVE CONTINUOUS SUBCUTANEOUS INSULIN
INFUSION

U. Klueh1, C. Kesserwan1, Y. Qiao2, D. Kreutzer2

1Wayne State University, Biomedical Engineering, Detroit, USA
2University of Connecticut School of Medicine, Surgery,
Farmington, USA

Background and Aims: Currently there is little known about
the contribution of biological/tissue processes that leads to the
loss of blood glucose regulation seen during Continuous Sub-
cutaneous Insulin Infusion (CSII). The aim of these studies is to
demonstrate that inflammation at sites of insulin infusion con-
tributes to the short lifespan of CSII in vivo.

Method: For these studies, we developed murine models of
‘‘Open Loop’’ (OL) CSII and a modified ‘‘air pouch’’ model
(APM). The AMP allows infusion as well as lavage of cells and
fluids at the CSII infusion site for subsequent analyses. The re-
maining air pouch tissue is analyzed by standard histopathology.

Results: Using APM and OP models our studies demonstrated
that, 1) insulin excipients (diluents) induce infusion site inflamma-
tion in mice; 2) diluent induced inflammation compromised blood
glucose regulation (BGR); 3) co-infusion of Humalog (insulin +
diluent), saline or diluent with the addition of anti-inflammatory
agents (dexamethasone or cromolyn) suppressed Humalog and
diluent induced inflammation in diabetic mice as well as extended
CSII to over 7 days. Additional studies using fluorescent insulin
demonstrated insulin uptake by leukocyte and insulin degradation.

Conclusion: We demonstrated that insulin/diluent induces
inflammation and inhibits insulin-induced regulation of blood
glucose in diabetic mice. This further supports our hypothesis that
one of the underlying reasons for CSII failure is the inflammatory

reaction caused by insulin formulations and subcomponents. We
also showed that CSII longevity is extended when mitigating the
insulin induced tissue reaction using anti-inflammatory drugs.
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SLOWED MEAL APPEARANCE MAY ENABLE
HYBRID CLOSED LOOP SYSTEM IN TYPE 1
DIABETIC PATIENTS: IN SILICO RESULTS

D. Lv1, M. Breton1

1University of Virginia, Center for Diabetes Technology,
Charlottesville, USA

Background/objective: Several novel adjunctive treatments
in type 1 diabetes (T1D) result in slowed and/or delayed post-
prandial glycemic rise (e.g. pramlintide, GLP1-RA, SGLT1).
Their association with hybrid closed-loop (HCL) systems may
free patients from carbohydrate counting, while maintaining
adequate glycemic control.

Method: We combined the UVA HCL system with a new
meal control module combining temporarily increased basal rate
triggered by meal announcement (snack/regular/large size with-
out carbohydrate counting) and body-weight dependent priming
bolus triggered by glycemic rise. This new carbohydrate inde-
pendent methodology was compared to standard HCL (using
carbohydrate counting and carbohydrate:insulin ratios) using the
UVA/Padova T1D simulator. Single meals of varying size were
simulated in 100 virtual adults, from a variety of fasting glycemic
states. Meals were slowed down to achieve half-appearance of
60min on average. Glycemic control was assessed by computing
time spent between 70mg/dL and 180mg/dL and time spent be-
low 70mg/dL over the prandial excursion.

Results: The new carbohydrate independent strategy achieved
similar or better protection against hypoglycemia and similar
glycemic control when compared with HCL, but for particularly
large meal. For these, hypoglycemia exposure was significantly
reduced, but at the cost of time spent in range; see Figure 1.

Conclusion: A new closed loop strategy, independent of pran-
dial carbohydrates estimation, was shown in-silico to have similar
performances and an improved safety profile when compared with
standard HCL in case of mild prandial delays/slow down com-
mensurate with available non-insulin adjuvants. Combining such
methodology with automated meal detection and/or eating pattern
recognition may enable fully automated closed loop systems.
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COULD CLOSED-LOOP INSULIN DELIVERY BENEFIT
INDIVIDUALS APPROACHING THE END OF LIFE? A
CASE REPORT

C. Boughton1, L. Bally2, S. Hartnell3, M. Wilinska1, A. Coll3,
M. Evans3, C. Stettler2, R. Hovorka1

1University of Cambridge, Wellcome Trust–MRC Institute of
Metabolic Science, Cambridge, United Kingdom
2Bern University Hospital, Department of Diabetes-
Endocrinology- Clinical Nutrition & Metabolism,
Bern, Switzerland
3Cambridge University Hospitals NHS Foundation Trust,
Wolfson Diabetes and Endocrine Clinic, Cambridge,
United Kingdom

Glucose management for people with diabetes approaching the
end of life can be very challenging due to variable oral intake, stress
responses to severe illness and medications used for symptom re-
lief. Healthcare professionals try to balance avoidance of symp-
tomatic hypo- and hyperglycaemia with a minimally invasive
approach to glucose monitoring and insulin administration.

During a randomised controlled trial comparing closed-loop
insulin delivery with standard insulin therapy in hospitalised
patients receiving enteral/parenteral nutrition, one participant
required palliative care. The participant was a 79 year old female
who presented following a large intracranial haemorrhage which
was managed with an external ventricular drain. After obtaining
consent for participation in the trial, closed-loop insulin delivery
was commenced. Her clinical condition deteriorated during the
study period and focus switched to palliation. Glucose control for
the study period was safe with no glucose-related harm. Mean
sensor glucose was 11.3 mmol/l (SD 4.3), the percentage of time
in target glucose range 6–15 mmol/l was 70.5% and time in
hypoglycaemia <3.9 mmol/l was 2.0%.

Closed-loop systems may provide a safer and less burdensome
approach to glucose management in individuals towards the end
of life. Factory-calibrated real-time continuous glucose sensors
obviate the need for finger-stick glucose measurements, and in-
sulin pump therapy is less intrusive than frequent insulin injec-
tions. Closed-loop delivers insulin in a glucose-responsive
manner, accommodating highly variable day-to-day insulin re-
quirements, and allows for personalised glucose targets. Ac-
ceptability of this technology to patients, family members and
healthcare professionals needs to be determined.
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CLOSED-LOOP INSULIN DELIVERY TO MANAGE
INPATIENT NUTRITIONAL SUPPORT: A
RANDOMISED CONTROLLED TRIAL

C. Boughton1, L. Bally2, F. Martignoni2, S. Hartnell3,
D. Herzig2, A. Vogt4, M. Wilinska1, A. Coll3, M. Evans3,
C. Stettler2, R. Hovorka1

1University of Cambridge, Wellcome Trust–MRC Institute
of Metabolic Science, Cambridge, United Kingdom

2Bern University Hospital, Department of Diabetes-
Endocrinology- Clinical Nutrition & Metabolism,
Bern, Switzerland
3Cambridge University Hospitals NHS Foundation Trust,
Wolfson Diabetes and Endocrine Clinic, Cambridge,
United Kingdom
4Bern University Hospital, Department of Anaesthesiology and
Pain Medicine, Bern, Switzerland

Glucose management is challenging in patients requiring en-
teral/parenteral nutrition in hospital with frequent adjustments and
interruptions of nutrition, in addition to the effects of acute illness.

Fully-automated closed-loop (CL) insulin delivery was eval-
uated in non-critical care patients receiving enteral/parenteral
nutrition. In a randomised controlled trial, 43 patients received
closed-loop (n = 21) or conventional insulin therapy with masked
continuous glucose monitoring (n = 22) for up to 15 days. Study
groups were comparable in age (66(14) vs. 69(10)years; CL v
control), HbA1c (56(17) vs. 57(19)mmol/mol) and pre-study
insulin dose (0.6(0.4) vs. 0.6(0.3)units/kg).

The proportion of time when sensor glucose was in target range
5.6-10.0mmol/l was 32.0 percentage points (p < 0.001; primary
endpoint) greater during CL compared to control. Mean sensor
glucose was 2.9mmol/l lower during CL compared to control
(p = 0.001). CL significantly decreased time above target by 32.6
percentage points (p < 0.001), while the proportion of time below
3.0mmol/l was comparable between groups (p = 0.37). Total daily
insulin and carbohydrate intake were comparable between groups
(ns). No severe hypo-/hyperglycaemia with ketonaemia occurred
in either group.

CL-insulin delivery is a promising tool to improve glycaemia
during nutrition support in hospital.
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KALMAN FILTER-BASED NOVEL METHODOLOGY
TO ASSESS INSULIN PUMP PRECISION FOR
ARTIFICIAL PANCREAS EFFICIENCY

S. Girardot1, F. Mousin1, J. Vezinet2, S. Hardy1, J.P. Riveline3

1Explor Center - Air Liquide Healthcare, Medico-Technical
Department, Gentilly, France
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2ENAC French Civil Aviation School, Signal Processing and
Air Navigation, Toulouse, France
3Lariboisière Hospital. APHP. Paris-Diderot University,
Centre universitaire du diabète et de ses complications.,
Paris, France

Introduction: Insulin pump is nowadays one of the trendiest
treatment for type 1 diabetes and is about to become artificial
pancreas (AP) major component.

Insulin pump accuracy and performances are essentials and
have not been so much studied so far, especially in a context of a
closed-loop system. Gold-standard assessment method appears
limited.

Methods: A leading edge assessment method based on a
double measurement - direct mass flow meter and a micro-
gravimetric bench test - combined with a bayesian-based algo-
rithm optimizing the measurements (ie: Kalman filter) is pre-
sented here.

It advantages and performances are illustrated while assessing
two insulin pumps from the market at 0.1UI/h and 0.5UI/h basal
rate.

Results: The new proposed methodology offers a double
reading - volume and flow rate - with a much more timewise
precise measurement (from 0.03Hz to 10Hz). Direct instanta-
neous flow rate is displayed for the first time.

Then, measurement accuracy is considerably improved: pe-
diatric basal rate is read with a 1.2%error for 15.3%error before.

Pumps are unequal in terms of precision, specifically for
smaller basal rate:

Pump#1 (0.5UI/h): MARD = 3.2%, Pump#1(0.1UI/h): MARD =
13.3% (p = 0.02)

Pump#2 (0.5UI/h): MARD = 8.7%, Pompe#2(0.1UI/h): MARD =
23.6% (p < 10-3)

Conclusion: This innovative method to assess insulin pump
administration highlights an imprecision of insulin delivery,
especially for lowest basal rate as used in pediatric.

An accurate delivering error identification might feed AP
control algorithm.
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ATTD19-0469

EDGE COMPUTING FOR PERSONALIZED ADAPTIVE
ARTIFICIAL PANCREAS

Y.J. Shin1

1University of Connecticut, Biomedical Engineering,
Storrs, USA

A fully automated artificial pancreas must be robust to the
effects of various disturbances such as meals, exercise, stress,
and sleep on blood glucose levels. Since these disturbances and
the patient body may dynamically change over time, a per-
sonalized adaptive artificial pancreas approach is desired. This
approach should not only adapt its control algorithm (e.g., PID
or adaptive MPC) on an individual basis but also flexibly in-
tegrate other components such as meal detection, performance
assessment, and fault detection as they become available.
However, the adaptive and flexible nature is quite challenging
to achieve using conventional embedded system approaches
due to their limited capability and flexibility. IoT (Internet of
Things) edge computing is a technology that has the potential
to address this issue by extending the power of cloud com-
puting to local (edge) devices such as single-board computers.
Container-enabled edge computing makes it possible for local
devices to deploy multiple containers from cloud repositories
as often as needed. These containers can interact with each
other within the device while individual container is executing
a specific function such as a control algorithm. Although edge
computing is cloud-enabled, edge devices can run even when
they are offline or have intermittent connectivity to the cloud.
Here, a proof-of-concept edge computing for personalized
adaptive artificial pancreas is presented. A control algorithm
wrapped within a container is pulled from the cloud to a local
device and used to interact with the UVA/PADOVA Type 1
Diabetes Simulator. Critical issues such as security and reli-
ability are also discussed.
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ATTD19-0023

REMOTE MONITORING FOR THE DIABETES
MELLITUS TYPE 1 AS AN EFFECTIVE TOOL
TO IMPROVE DISEASE COMPENSATION

M. Koshmeleva1, J. Samoilova1, E. Khramova2

1SSMU, Endocrinology and diabetology department,
Tomsk, Russia
2Tyumen State Medical University, Endocrinology and
diabetology department, Tyumen, Russia

The aim: To evaluate the clinical and metabolic efficiency of
remote monitoring of the children with diabetes mellitus type 1.

Materials and Methods: The study included 80 patients with
diabetes mellitus type 1 receiving pump insulin therapy, aged 8-
18 years, who were divided into 2 groups: 1 - patients with a
remote monitoring and 2 - patients with the standart monitoring
(40/40). The first group patients remotely transmitted data on
self-monitoring, insulin therapy to the doctor for recommenda-
tions, using the program CareLink iPro-2, Guardian. Patients
from the second group were visiting a doctor at their place of
residence. All patients done analysis of HbA1c. Using the
EasyGV calculator, the following indexes were determined: SD,
CONGA, LBGI, HBGI, MAGE, M-value. The statistical pro-
cessing of the results was carried out using the IBM SPSS Sta-
tistics 20.0.0 program. The significance of the differences was
evaluated according to the Mann-Whitney U test. Significant
differences were considered when p < 0.05.

Results: HbA1c had a significant decrease in the measurements
in group 1 compared to group 2 (v2 = –0.450, p = 0.014). Since
HbA1c does not always reliably reflect the level of compensation,
an analysis of the variability parameters, which was lower in group
1 than in the 2: SD (v2 = 0.022, p = 0.022), CONGA (v2 = –0,853,
p = 0.001), J-index (v2 = –0.504, p = 0.005), LBGI (v2 = –0,451,
p = 0.014), HBGI (v2 = –0.053, p = 0.003), MAGE (v2 = –0.480,
p = 0.008), M value (v2 = –0.593, p = 0.001).

Conclusions: Remote monitoring of patients with diabetes
mellitus type 1 is an effective method of observation and leads to
a decrease in the variability of glycemia and improvement of
disease compensation.
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ATTD19-0026

THE PREVALENCE OF COMPLICATIONS IN TYPE 2
DIABETICS IN DIABETES CENTERS IN DUBAI.

H. Al Sabbah1, M. Alketbi1

1Zayed University, Public Health Nutrition, Dubai, United
Arab Emirates

Background: Diabetes complications have been increasingly
prevalent among type 2 diabetics during the past decades causing
high rates of morbidity and mortality. Measures of the prevalence
of diabetes complications will lead to preventive decisions and
planning of health care.

Objective: To assess the prevalence rates of complications in
Type 2 diabetics in two Diabetes Centers in Dubai.

Methodology: A cross-sectional descriptive analytical study
conducted among type 2 diabetics attending diabetes centers in
Dubai. Data was collected form secondary source using patient’s
records from two diabetes centers involved in the study. Random
sampling technique was used to collect 150 patients proportion-
ally allocated according to the total patients (4700 attending pa-
tients) available in the two diabetes centers.

Results: The study showed that the most dominant prevalence
type of complications: Hyperlipidemia (84%), Neuropathy (34%),
Dyslipidemia (32%),

Retinopathy (28%), Lethargy (21.3%), and Nephropathy
(16.7%). The associations made between three variables each
separately (Date of First Visit,

HbA1c, and Fasting Blood Glucose) with the prevalence type
of complications, showed significant differences in some types:
Dyslipidemia, Hyperlipidemia, Neuropathy, Retinopathy, and
Joint & Bone pain.

Conclusion: There is a reasonable correlation between dif-
ferent variables and the prevalence of complications among the
diabetic population, thus studies should always follow up on this
issue in order to have clear associations to prevent complications
from occurring in the first place.
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ATTD19-0030

INVESTIGATION OF TITRATION METHOD IN BASAL
INSULIN THERAPY WITH VILDAGLIPTIN +
METFORMIN USING CONTINUOUS GLUCOSE
MONITOR: RANDOMIZED CROSSOVER STUDY

S. Takeishi1, H. Tsuboi1, S. Takekoshi1

1Inuyama Chuo General Hospital, Diabetes, Inuyama-
city, Japan

We investigated whether previous administration of metfor-
min or insulin in increased dose for intervention (’Insulin In-
crease’) improves glycemic control earlier in patients treated
with long-acting insulin and vildagliptin, who are hospitalized
for glycemic control (PLVHG).

This study was conducted during hospitalization. Thirty patients
with type 2 diabetes treated with long-acting insulin and vilda-
gliptin 100 mg (Vildagliptin100) were randomly classified into two
groups. After hospitalization, the patients’ fasting plasma glucose
levels were stabilized by insulin glargine 300 U/mL (Glargine300),
and then they wore a continuous glucose monitoring device
(FreeStyle Libre Pro) (day 1). Vildagliptin100 were continued
during the research period. Group1: (a)Patients received metformin
500 mg (Metformin500) from days 3 to 7. (b)The dose of Glar-
gine300 was increased according to an algorithm on day 5 and was
then maintained [(a):metformin, (b):insulin increase. (a), next,
(b):MI]. Next, metformin was washed out and the Glargine300
dose was maintained on days 8 and 9. (b)Then, Glargine300 was
increased according to the algorithm on day 10 and was then
maintained until day 14. (a) Patients received Metformin500 from
days 12 to 14 [(b), next, (a):IM]. Group2: Vice versa.

A 15% reduction was significantly achieved earlier (mean
glucose level and standard deviation [24-h, 0:00–8:00, and
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8:00–24:00]) in patients on MI than in those on IM. Glycemic
variability percentage wasn’t significantly different between
patients on MI and those on IM (table).
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ATTD19-0031

EARLY COMBINATION EFFICACY OF
VILDAGLIPTIN IN BASAL-BOLUS INSULIN THERAPY
WITH METFORMIN: RANDOMIZED CROSSOVER
STUDY

S. Takeishi1, H. Tsuboi1, S. Takekoshi1

1Inuyama Chuo General Hospital, Diabetes, Inuyama-
city, Japan

We investigated an early combination efficacy of vildagliptin
in basal-bolus insulin therapy with metformin (BBIM) in patients
hospitalized for glycemic control (PHG).

This study was conducted during hospitalization. Thirty pa-
tients with type 2 diabetes treated with basal-bolus insulin (BBI)
regimens (insulin glargine 300 U/mL [Glargine300]+glulisi-
ne)+metformin 500 mg (Metformin500) were randomly classi-
fied into two groups. After hospitalization, the patients’ fasting
plasma glucose levels were stabilized by BBI (Glargine300 dose :
total amount dose of glulisine [per day] = 2 : 3), and then they
wore a continuous glucose monitoring device (FreeStyle Libre
Pro) (day 1). Metformin500 and the dose and rate of BBI were
maintained during the research period. Group1: (a)Patients re-
ceived vildagliptin 100 mg (Vildagliptin100) from days 3 to 7.
(b)The dose of metformin (Dmetformin) was increased (500 /

1000 mg) from days 5 to 7 [(a):vildagliptin, (b):metformin in-
crease. (a), next, (b):VM]. Next, vildagliptin was washed out and
Dmetformin was decreased (1000 / 500 mg) on days 8 and 9.
(b)Then, Dmetformin was increased (500 / 1000 mg) from
days 10 to 14. (a)Patients received Vildagliptin100 from days 12
to 14 [(b), Next, (a):IM]. Group2: Vice versa.

A 15% reduction was significantly achieved earlier (mean
glucose level and standard deviation [24-h, 0:00–8:00, and 8:00–
24:00]) in patients on VM than in those on MV. Glycemic var-
iability percentage was significantly lower in patients on VM
than in those on MV.
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ATTD19-0034

THE ASSOCIATION OF HYPOGLYCEMIA WITH
ENDOCRINE PATHOLOGY

C. Aneji1, M. Yafi2

1University of Texas at Houston Health Science Center,
Pediatric Neonatal Intensive Care Medicine, Houston, USA
2University of Texas at Houston Health Science Center,
Pediatric endocrinology, Houston, USA

Background: Hypoglycemia is one of the most common
metabolic problems in neonatal medicine. The most frequent
causes of hypoglycemia in neonatal intensive care units are re-
lated to non- endocrine factors. Stress, prematurity and infections
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are some examples. Endocrinology causes such as neonatal hy-
perinsulinemia and panhypopituiarism are not as common.

Aim: To review the association between neonatal hypogly-
cemia and endocrine pathology.

Method: A retrospective review of billing report from one
high volume, University-based neonatal intensive care unit
(NICU) from January 2016 through December 2016 was con-
ducted. Billing reports were analyzed using ICD 10 codes for
hypoglycemia or neonatal hypoglycemia as a primary diagnosis
and its association with hyperinsulinism, adrenal insufficiency,
growth hormone deficiency and hypopituitarism as a co-
diagnoses.

Result: Out of a total of 2890 cases of hypoglycemia, only 140
(4.8%) of the total were due to endocrine pathology. Of the
hypoglycemic patients with underlying endocrine causes, the
majority, and 77 (55%) had a diagnosis of hyperinsulinism.
Forty-six patients (32.9%) had adrenal insufficiency while 17
(12.1%) had either growth hormone deficiency, hypopituitarism
or panhypopituirarism.

Conclusion: Endocrine causes of neonatal hypoglycemia in
the NICU were rare. Endocrine testing should be reserved for
cases that have high clinical suspicion for growth hormone de-
ficiency (micropenis, mid-facial line defect), adrenal insuffi-
ciency (abnormal electrolytes) or severe cases that do not get
better over time (hyperinsulinism). All other etiologies of neo-
natal hypoglycemia including prematurity, stress, infections,
feeding patterns, growth restriction and large for gestation should
be considered first prior to obtaining complicated and expensive
hypoglycemia critical samples work up.
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ATTD19-0058

HYPOGLYCEMIA IN DIABETES ASSESSED WITH
CONTINUOUS GLUCOSE MONITORING IN A SHORT-
TERM LONGITUDINAL STUDY

A. Morosanu1,2, M. Morosanu1

1Diamed Obesity SRL, Diabetes, Galati, Romania
2‘‘Lower Danube’’ University Galati, Kinetotherapy,
Galati, Romania

Background and aims: Hypoglycemia is usually the unde-
tected pitfall and obstacle in diabetes treatment and control and
increases the risk for severe complication in diabetes. The aim of
this study was assess continuous (interstitial) and intermittent
(capillary) glucose in detecting and treating hypoglycemia dur-
ing a three-months study in persons with diabetes.

Methods: 55 persons with type 1 diabetes (T1D,24) and type 2
diabetes (T2D,31) were investigated by blinded continuous
glucose monitoring (CGM) for three days,while testing capillary
glycemia four times a day. 21 persons (13 T1D,8 T2D) per-
formed a second monitoring visit after three months. Parameters:
percentage of CGM glucose <70 mg/dl (%CGMG <70), number
of CGM hypoglycemic episodes (periods with at least one in-
terstitial glucose value <70 mg/dl), and number of known hy-
poglycemic episodes (on glucose meter and/or symptomatic),
mean amplitude of glucose excursions (MAGE).

Results and discussion: %CGMG <70 were 3.25% for the
whole group, 5.55% for T1D, 1.47% for T2D. CGM hypogly-
cemic episodes averaged 2.07 for the entire group, 3.42 for T1D,
1.03 T2D. Known hypoglycemic episodes averaged 1.02 for the
entire group, 2.04 for T1D, 0.23 for T2D. CGM hypoglycemic
episodes (total and diurnal) were significantly more frequent than
known hypoglycemic episodes. % CGMG <70, CGM hypogly-
cemic episodes and known hypoglycemic episodes were signif-
icantly higher in T1D. Known hypoglycemic episodes, but not
CGM hypoglycemic episodes,were more frequent in insulin
treated T2D. CGM hypoglycemic episodes and known hypo-
glycemic episodes were directly correlated with glucose vari-
ability (MAGE). Both CGM hypoglycemic episodes and known
hypoglycemic episodes decreased in T1D and increased in T2D
at second monitoring visit.

Conclusions: CGM proved to be an essential tool in detecting
asymptomatic hypoglycemia in diabetes persons. It is important
to take appropriate therapeutic measures in order to reduce and
not increase hypoglycemic events in diabetes.
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ATTD19-0063

TO PARTICIPATE IN AN IMPROVEMENT
COLLABORATIVE IN A NEIGHBORING COUNTRY –
EXCELLENT RESULTS IN METABOLIC CONTROL OF
PEDIATRIC TYPE 1 DIABETIC PATIENTS

M.A. Pulkkinen1, S. Kiiveri1, R. Jussila1, L. Hanberger2,
K. Åkesson2, U. Samuelsson2

1University of Helsinki and Helsinki University Hospital,
Hospital for Children and Adolescence, Espoo, Finland
2Linköping University, Department of Medicine and Health
Sciences- Division of Pediatrics, Linköping, Sweden

Many pediatric diabetes centers fail to reach HbA1C target
levels. In Sweden data from a national pediatric diabetes quality
registry, SWEDIABKIDS, was used to analyze factors that affect
the diabetes control. Centers with better metabolic outcome
showed higher compliance with guidelines, aimed at a lower
HbA1c, teams were devoted, and had a positive attitude. Based
on these findings a quality improvement collaborative (IQ) was
conducted in Sweden 2011. The IQ had duration of 18 months,
including learning-sessions with lectures on improvement
methods, teamwork, and sharing experiences. Between the
learning sessions, the teams identified improvement areas at their
centers, and started interventions. Since the start of IQ mean
HbA1c in swedish pediatric T1D patients has decresed from 62,
6 mmol/mol to 56, 8 mmol/mol. Almost all swedish pediatric
diabetic centers have participated to one of the three IQs.

Our pediatric diabetes team from Helsinki University Hospi-
tal, Jorvi, participated to IQ3 (2014–2016) as a first team from
another country. We are the second largest pediatric diabetes
center in Finland, taking care of approximately 400 children with
T1D. Before the IQ3 start mean Hba1c in Jorvi pediatric diabetes
population was 64 mmol/mol, and only 27 % of the patients
reached Hba1c target (< 58 mmol/mol). As IQ3 ended, mean
HbA1c was 62 mmol/mol, and 34 % reached target. The
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improvement work has continued, and currently mean HbA1c is
57.5 mmol/mol and 55% of the patients reach HbA1c target.

To participate in a quality improvement collaborative facili-
tates pediatric teams to improve local care, even over borders.
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ATTD19-0073

THE EFFECT OF MOTIVATIONAL INTERVIEW AND
INTENSIVE EDUCATION ON HBA1C VALUES AND
GLUCOSE VARIABILITY IN POORLY CONTROLLED
TEENS WITH TYPE 1 DIABETES

M.A. Pulkkinen1, A.K. Tuomaala1, K. Kaunisto2, M. Ojaniemi2,
P. Tossavainen2, T. Sarkola1, P. Miettinen1, T. Laine1,
R. Lapatto1, K. Wehkalampi1, M. Hero1

1University of Helsinki and Helsinki University Hospital,
Hospital for Children and Adolescence, Helsinki, Finland
2Oulu University Hospital and University of Oulu, Children’s
Hospital, Oulu, Finland

Introduction: Poor glycemic control during adolescence
markedly increases the incidence of micro- or macrovascular
complications during subsequent years. Despite novel technol-
ogies for diabetes treatment, poor metabolic control is a common
problem during adolescence. Our aim was to study, if Motiva-
tional interview (MI), used by diabetes doctor, trained for use of
MI, combined with standard education helps adolescence to
improve their glucose control.

Materials and Methods: This randomized, controlled,
follow-up study was conducted in 49 T1D patients with poor
diabetes control, aged 13–17 years, 50 % males, for 1 year. Pa-
tients came to diabetes outpatient clinic every 3 months, and in
every visit MI was used, in control group visits were done as
before. CGM was conducted in 0, 6 and 12 months.

Results: The glucose control in MI and control groups are
shown in table 1.

Conclusion: Though few patients in the Motivational inter-
view group clearly improved their glucose balance during the
study, statistically significant difference was not found between
groups during a one year follow up. It is interesting to see if the
difference is seen during longer follow-up.
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ATTD19-0146

GLYCEMIC OUTCOMES IN INPATIENT WITH
DIABETES FROM A LARGE UNIVERSITY HOSPITAL

Y. Ruan1, A. Kollan2, A. Lumb3, G. Tan D3, J. Davies2, R. Rea3

1University of Oxford, RDM, Oxford, United Kingdom
2University of Oxford, Big Data Institute, Oxford,
United Kingdom
3Oxford University Hospitals NHS Foundation Trust, Oxford
Centre for Diabetes- Endocrinology and Metabolism, Oxford,
United Kingdom

Introduction: We analysed data obtained from inpatients
with diabetes admitted to a large university hospital.

Methods: We retrospectively assessed both laboratory and
point-of-care blood glucose values in inpatients at Oxford Uni-
versity Hospitals. Based on the blood glucose values, the inpa-
tients were grouped into normal glycaemia (4.0–10mmol/l),
hyperglycaemia (>10mmol/l), mild to moderate hypoglycaemia
(2.3–3.9mmol/l) and severe hypoglycaemia (<2.3 mmol/l). Mor-
tality rates were compared between the groups with and without
hypoglycaemia. We assessed time of day distribution of the hy-
poglycaemic and hyperglycaemic values.

Results: We analysed data obtained from 21, 463 inpatients
with diabetes [11,960 males, age 69 (19) years, mean(SD)] who
underwent 47,418 admissions between year 2014 and 2018. We
analysed 830,631 blood glucose values with a mean (SD) of 10.1
(4.8) mmol/l. The proportion of hyperglycaemic values was
40.0% and these were observed in 78% of patients. The pro-
portion of mild to moderate hypoglycaemic values was 2.4%
(in 25% of patients) and the proportion of severe hypoglycaemic
values was 0.25% (in 5% of patients). A high proportion of hy-
poglycaemic values were between 23h00 to 08h00 and hy-
perglycaemic values were between 09h00 to 00h00 (Figure 1).
Compared to the group of inpatients without any hypoglycaemic
values, the mortality rate was higher in groups with mild to
moderate hypoglycaemia (odds ratio 1.9, 95% confidence in-
terval [1.7, 2.0]) and severe hypoglycaemia (odds ratio 2.5, 95%
confidence interval [2.2, 2.9]).
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Conclusion: Analysis of glycaemic control in inpatients with
diabetes demonstrates a high prevalence of hyperglycaemia and
hypoglycaemia. Patients who experience hypoglycaemia are
associated with a higher mortality rate.
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ATTD19-0190

EFFECT OF DULAGLUTIDE VERSUS LIRAGLUTIDE
ON GLUCOSE VARIABILITY AND OXIDATIVE
STRESS AND ENDOTHELIAL FUNCTION IN TYPE 2
DIABETES PATIENTS

M. Ohara1, H. Nagaike1, Y. Kohata1, M. Hiromura1,
T. Yamamoto1, T. Hayashi1, T. Fukui1, T. Hirano1

1Showa University School of Medicine, Department of
Medicine- Division of Diabetes- Metabolism- and
Endocrinology, Tokyo, Japan

Background: We aimed to evaluate evaluate the efficacy of
dulaglutide versus liraglutide on oxidative stress and endothelial
function in type 2 diabetes patients.

Methods: Twenty-two patients with type 2 diabetes who treated
with liraglutide for at least 24 weeks were randomized to either
continue liraglutide or receive dulaglutide for 12 weeks. Primary
endpoints were changes in diacron-reactive oxygen metabolites (d-
ROMs) test as a marker of oxidative stress and the endothelial
function by reactive hyperaemia index (RHI: EndoPAT� system).
Secondary endpoints were changes in body weight, glucose vari-
ability, diabetes treatment satisfaction questionnaire status scores
(DTSQs) and eating behavior.

Results: There were no significant differences in changes of d-
ROMs and logarithmic-scaled RHI (L-RHI) between the two
groups after 24 weeks of treatment. However, compared with
liraglutide, treatment of dulaglutide significantly improved in the
mean glucose levels, mean amplitude of glycemic excursions.
Convenience of DTSQs improved in the dulaglutide group. No
statistically significant change in fasting plasma glucose, hemo-
globin A1c and body weight was observed between two groups.

Conclusions: The present study suggest that once-weekly du-
laglutide is similar to once-daily liraglutide for oxidative stress and
the endothelial function. In addition, switching from liraglutide to
dulaglutide improved convenience by decreasing in the number of
injections without deteriorating glucose metabolism.
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ATTD19-0257

DIGITAL DIABETES MANAGEMENT TOOL FOR
MONITORING AND COUNSELLING OF PATIENTS
TREATED AT APOLLO SUGAR DIABETES CLINIC
ACROSS INDIA

S. Shah1, K. Dash2, B. Jaganmohan3, J. Sai4, H.R. Boda4,
A. Ahmed4, U. Ayyagari5, S. Das6, S. Venkataraman5,
M. Yadhav7, A.K. Trupti1, C. Poornima8, V.K. Kolukula8,
S.R. Joshi9

1Apollo Sugar Clinic, Diabetes and Endocrinology,
Mumbai, India
2Apollo Sugar Clinic, Diabetes and Endocrinology,
Raipur, India
3Apollo Sugar Clinics, Diabetes and Endocrinology,
Bangalore, India
4Apollo Sugar Clinics, Diabetes and Endocrinology,
Hyderabad, India
5Apollo Sugar Clinics- Apollo Hospital, Diabetes and
Endocrinology, Chennai, India
6Apollo Sugar Clinics- Apollo Hospital, Diabetes and
Endocrinology, Bhubaneswar, India
7Apollo Sugar Clinics, Diabetes and Endocrinology,
Raipur, India
8Apollo Sugar Clinics Limited, Diabetes and Endocrinology,
Hyderabad, India
9Lilavati Hospital and Research Centre, Diabetes and
Endocrinology, Mumbai, India

Background and Aim: To evaluate the advantages of health
interactions(HI) on self-monitoring of blood glucose(SMBG) in
diabetes patients through Apollo Sugar Mobile App.

Methods: Apollo Sugar app (ASapp) is the brain child of
Apollo Sugar Clinics, which is developed to serve and engage
diabetes patients beyond clinic visits. ASapp captures HI’s,
SMBG, prescription and diet, and patient’s queries with 24/7
sugar buddy. HI’s were categorized based on diet, insulin, med-
ication, SMBG, hypoglycemia, blood glucose (BG), and exercise.
Diabetes educate on the advantages of ASapp and encourage to
interact. Descriptive statistics was applied to analyse the data.

Results: From a total of 883 patients, 17000 HI’s were captured,
of which only 6600 were meaningful on diet (29%), exercise (5%),
medication (10%), insulin (5%), hypoglycaemia (3%), SMBG
(24%) and diabetes education (20%). Among these 333 (38%) pa-
tients were regularly monitoring SMBG. 70% of the patients re-
corded SMBG >2times/week and 30% atleast once/week. Nearly
42% of patients have achieved Pre-meal (70–130 mg/dL) and 74%
achieved post-meal (<180 mg/dL) BG and 9% of patients recorded
hypoglycaemic BG. At start the pre-meal and post-meal SMBG
were 176mg/dl and 179mg/dl, and reduced to 155mg/dl and
160mg/dL, respectively in an average of 3 months. At baseline mean
HbA1c was 8.6% and at follow up HbA1c reduced to 8.1% with a
mean reduction of 0.4%

Conclusions: The current analysis indicates that patients’ in-
teractions with health coach through an Apollo Sugar app is an
advanced method of behavioural and clinical care, to achieve long
term continuity of care for change in outcomes of hard end points.
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ATTD19-0364

ASSESSING THE BENEFITS OF A PAINLESS LANCING
DEVICE IN A SUBSET OF PATIENTS FEARFUL OF
FINGER PRICKING

R. Warrier1, S. Badarudeen2, A. Shankar1, G. Krishnan1,
L. Ramachandran1, K. Thampiraj1, S. Jothydev1, J. Kesavadev1

1Jothydev’s Diabetes Research Centre, Diabetology,
Trivandrum, India
2Med Center Health Orthopaedics & Sports Medicine,
Orthopaedics & Sports Medicine, Lexington- KY, USA
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Self-monitoring of blood glucose (SMBG) has been re-
commended by the American Diabetes Association as the gold
standard of glucose monitoring. There are a few patients in-
cluding children and adults who are fearful of finger pricking,
due to either real pain or needle phobia. Pricking the fingertips
for glucose monitoring is in fact, more painful than the insulin
shots, the latter being virtually painless with the new slender tiny
needles. Genteel� is a novel vacuum-based lancing device that
claims to be relatively painless by decreasing the depth of lancet
penetration and thus decreasing the nociceptive stimuli while
lancing. A randomized crossover trial was conducted over 6
months, comparing Genteel� versus conventional lancing de-
vice. Study subjects: T1DM and T2DM patients on multiple
daily insulin injections and fearful about finger pricking for
glucose monitoring; n = 15, age 39.27 – 18.41y, 40% males,
52.33% T2DM. Subjects reported significantly lower pain scores
using Genteel� (p < 0.0001), and also higher SMBG testing
frequency (p = 0.0002). The difference in pain scores with
Genteel� was also significant when compared with the subject’s
initial perceived pain score prior to randomization (p < 0.0001).
Effect size ‘r’ was determined to be 0.660 (pain score) and 0.602
(SMBG frequency), suggestive of a large effect size difference
between the 2 groups. We, therefore, conclude the utility of
Genteel as a relatively painless lancing device for all ages with
fear of pricking and could be a good alternative to the traditional
ones. Structured SMBG will invariably improve the glycemic
control and long-term outcomes.
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GLYCATED ALBUMIN AS A GLYCAEMIC MARKER
IN PATIENTS WITH ADVANCED CHRONIC KIDNEY
DISEASE AND ANEMIA: A PRELIMINARY REPORT

C. Bellia1, M. Zaninotto2, C. Cosma2, L. Agnello1, B. Lo Sasso1,
G. Iacolino1, C.M. Gambino1, M. Plebani2, M. Ciaccio1

1University of Palermo, Department of Biopathology and
Medical Biotechnologies, Palermo, Italy
2University-Hospital of Padova, Department of Laboratory
Medicine, Padova, Italy

Background: Glycemic homeostasis in diabetic chronic
kidney disease (CKD) is usually monitored by HbA1c. Glyctaed
Albumin (GA) has recently suggested as a preferred glycemic
marker in subjects with CKD with respect to HbA1c for its
shorter half-life and its independence from the altered erythro-
cytes turnover. The aim of this study was to evaluate the rela-
tionship between GA and glycemic measures in subjects with
advanced CKD (stage 3 to 5) in relation to anemia.

Methods: eighty-one subjects with eGFR <30 ml/min per
1.73m2 were included in the study. Laboratory test results and
tog complete medical history were collected at the enrollment.
GA was measured on plasma-EDTA by quantILab� Glycated
Albumin (Instrumentation Laboratory, A Werfen Company).

Results: the study included 81 subjects, 46 (57%) males, 45
(55%) diabetics. HbA1c was correlated with Hb (r = 0.39;
p = 0.0003), and no significant correlation was detected between
plasma GA and serum albumin (p = 0.82). A significant associ-
ation between FPG and GA (r2 = 0.41; p < 0.0001), and between
FPG and HbA1c (r2 = 0.42; p < 0.0001) was detected in the whole
study population. Patients with moderate/severe anemia had
lower HbA1c than patients with no anemia, while both FPG and
GA were comparable between the two groups. Multivariate re-
gression analysis showed that GA was the strogest predictor of
FPG in patients with moderate/severe anemia while HbA1c
didn’t (r2 = 0.55; p < 0.0001 for the model).

Conclusions: GA is significantly associated to FPG in patients
with advanced CKD and anemia and it can be considered an
useful test to control glycemic status in this setting.
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EFFECTS OF METFORMIN OR ACARBOSE AS ADD-
ON TO INSULIN THERAPY ON GLYCEMIC
VARIABILITY IN TYPE 2 DIABETES

J. Lu1, M. Xiaojing1, Z. Lei1, M. Yifei1, Y. Lingwen1, L. Wei1,
Z. Wei1, B. Yuqian1, Z. Jian1, J. Weiping1

1Shanghai Jiaotong University affiliated sixth people’s hospital,
Endocrinology and metabolism, Shanghai, China

Aims: Glycmeic variability (GV) has been suggested to
contribute to the development of chronic diabetic complications.
The aim of the study was to investigate the effects of metformin
or acarbose as add-on to insulin therapy on GV in type 2 diabetes.

Methods: 914 patients with type 2 diabetes were cross-
sectionally surveyed. Study patients were stratified into: 1) in-
sulin alone (INS group, n = 575); 2) insulin with metformin
(INS+MET group, n = 175) ; and 3) insulin with acarbose (IN-
S+ACA group, n = 164). All participants underwent continuous
glucose monitoring (CGM) for 72 h, and 3 metrics of GV in-
cluding standard deviation (SD), coefficient of variation (CV),
and mean amplitude of glycaemic excursions (MAGE) were
calculated. Besides, time in range (TIR [3.9-10mmol/L]) was
also assessed.

Results: Although HbA1c were comparable between the 3
groups (P = 0.529), there were significant differences in SD
(P = 0.011) and TIR (P < 0.001) but not in CV or MAGE (both
P > 0.05) among the 3 treatment groups. Patients with INS+MET
exhibited significant lower SD and higher TIR than those with
INS or INS+ACA (all P < 0.05 after Bonferroni correction).
Multiple regression analysis revealed that, after adjustment of
age, diabetes duration, body mass index, HbA1c and fasting C-
peptide, INS+MET (vs. INS) was significantly associated with
SD (P = 0.031) and TIR (P < 0.001), but not CV (P = 0.740) or
MAGE (P = 0.117). In addition, HbA1c and fasting C-peptide
were found to be consistently linked to all the GV metrics and
TIR.
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Conclusions: INS+MET seems to be associated with more
stable glucose control compared with INS and INS+ACA.
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ATTD19-0013

THE RELATIONSHIP BETWEEN INSULIN THERAPY
AND CARDIOVASCULAR DISEASE IN PATIENTS
WITH TYPE 2 DIABETES

L. Janani1, A. Ebrahim Valojerdi2, N. Azadi2, R. Aghili3,
K. Tanha2

1Department of Biostatistics- School of Public Health- Iran
University of Medical Sciences- Tehran- Iran., Department of
Biostatistics, Tehran, Iran
2Department of Biostatistics- School of Public Health- Iran
University of Medical Sciences- Tehran- Iran, Department of
Biostatistics, Tehran, Iran
3Endocrine Research Center- Institute of Endocrinology and
Metabolism- Iran University of Medical Sciences- Tehran-
Iran., Endocrine Research Center, Tehran, Iran

Aim: The aim of this study is exploring the relationship be-
tween insulin therapy and cardiovascular disease by controlling
on potential confounders using Bayesian and Doubly Robust
propensity score approaches.

Method: In this study, data from an observational study of 458
diabetic type2 patients of the endocrine research center at Iran
University of Medical Sciences (2008–2011) in Tehran, Iran
were used. Cardiovascular events, type of diabetes treatment
(insulin therapy compared to oral drug) and cardiovascular risk
factors were assessed. Then using Bayesian and Doubly Robust
propensity score methods, the relationship between insulin
therapy and cardiovascular disease considering possible con-
founders, were investigated.

Result: Totally, 312 (68.1%) patients were insulin naı̈ve and
146 (31.9%) patients were insulin user. The crude odds ratio and its
95% interval estimates for type of treatment (insulin therapy
compared to oral drug) and cardiovascular events was 1.873 (1.061,
3.306). The adjusted odds ratio and its 95% interval estimates using
Bayesian propensity score method and Doubly Robust propensity

score method were 1.937 (0.993, 3.766) and 1.230 (0.662, 2.280),
respectively. Moreover the relative risk considering Doubly Robust
propensity score was calculated 1.199 (0.695, 2.070).

Conclusions: There was a significant difference between
crude incidence of CVD in insulin and oral drug users but, after
controlling possible confounders based on both Bayesian and
doubly robust scores, we did not find any relationship between
insulin therapy and cardiovascular disease in patients with type 2
diabetes. According to our findings, the Bayesian effect of as-
sociation was stronger than the doubly robust method, but the
conclusions were consistent.
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ATTD19-0037

EVALUATION OF ACCESS OF CARE IN PEDIATRIC
DIABETES

H. Lantigua1, N. Rubio1, M. Yafi1

1University of Texas at Houston Health Science Center,
Pediatric endocrinology, Houston, USA

Introduction: Patient with diabetes ideally require an integrated
team including a pediatric endocrinologist, diabetes educator fa-
miliar with children, dietitian, social worker, and psychologist. The
limited number of such teams can cause scarce appointments, high
cost, and limited choices. The global increased of diabetes does not
parallel an increased availability of specialty team. This has made
access to pediatric diabetes care more challenging.

Objective: To evaluate access to pediatric endocrinology care
as well as the ability to make a choice in seeking this care.

Method: Guardians who brought a child with diabetes were
asked to fill a survey during clinic visit. Survey approved by The
Institutional Review Board. We asked whether the physician
seen was selected by the family, if the visit was for a second
opinion, and what distance they had to drive.

Results: Eighty three percent report having a choice to select a
pediatric endocrinologist, while 17% report was dictated by in-
surance. Miles driven were, <10 (3%), 10–25(23%), 26–50
(47 %) and >50 (27%). Although 66% felt that distance was not a
major factor in keeping follow up appointments.

Conclusion: In our survey, majority of patient needed to
travel far distance, leading to significant amount of time spend to
get health care, put in perspective of the family potential lost
wages, missed work/school, additional cost, and missing visits.
Large distance to reach a heath care provider place patients with
diabetes at greater disadvantage and disparities. Further research
is need to evaluate the impact of insurer dictated provider.
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ATTD19-0051

INSURANCE AND DIABETES CARE

S. Lugo1, M. Rivera Davila1, M. Yafi1

1University of Texas at Houston Health Science Center,
Pediatric endocrinology, Houston, USA

Background: Evaluating the delivery of medical care cannot
be done promptly without analysis of the role of insurance
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companies since they have a major role in the establishment
of diabetes care starting from contracting with health care
systems, providing insulin, medication, and diabetes supplies
and allowing prompt referrals to other ancillary health care
providers.

Method: The objective of the study is to get feedback eval-
uation from families about their insurance companies regarding
diabetes care.

We surveyed 100 families with diabetic children in our prac-
tice, seeking their opinions about the delivery of diabetes care.

In a confidential questionnaire, we asked about family ex-
periences related to satisfaction with their insurance companies
in providing diabetes supplies, medications and health provider
coverage.

Results: 75% of families had commercial insurance while
25% had government supported one.

90% of families felt that they had a choice in finding the right
physician to seek diabetes care.

50% of families were not satisfied with their insurance pro-
viders’ coverage, 48% were satisfied and 2% were neutral

Conclusion: Diabetes management is one of the main current
public health issues. Diabetes-related health expenditures were
estimated to be at least $673 billion in 2015. The economic
burden is considered very complex due to the chronic nature of
this diagnosis.

Outcomes and adherence to diabetes treatment depend on
insurance status. Patients with insurance were most likely to get
(HbA1c) testing, foot and eye exams, diabetes education, and
influenza immunization. The fear of out-of-pocket costs could
lead to poor access to health care and poor utilization of diabetes
care.

141

Clinical Decision Support Systems - Advisors

ATTD19-0052

COMPARING DEEP-LEARNING METHODS WITH
BOW FOR AUTOMATED CHC IN SELF-
MANAGEMENT OF DIABETES

M. Caldeira1, C. Baptista2, D. Martins2, P. Martins1,
F. Carrilho2, P. Furtado1

1Coimbra’s University, Informatic Engineering,
Coimbra, Portugal
2Coimbra’s Hospital University Centre, Endocrinology,
Coimbra, Portugal

Introduction: Carbohydrate counting (CHC), an established
approach in type 1 diabetes, currently depends on patient per-
ception. Researchers look for approaches to automate CHC by
capturing food images with the help of the smartphone camera
and then processing them to extract CHC. Alternative algorithms
for the food recognition part include Deep Learning (DL), based
in Convolution Neural Networks (CNNs) and Bag-of-Words
(BoW) approach.

Aim: Compare runtimes and quality of state-of-art DL and
BoW approaches to recognize food dishes.

Approaches: DL methods Googlenet, Inception-V3 and
Resnet-101. Bag-of-Words of SURF features (BoW).

Metrics: (A) = Food Recognition Accuracy on each of 256
classes of food in UEC Food 256, using at least 10000 food

images, 70% train, 30% test; (R) = Runtime. (Q,R) = Quality and
Runtime.

Results: Training Runtimes (Rtrain): DL approaches with
GPUs - Googlenet (6105 mins), Inception-V3 (5290 mins),
Resnet-101 (7678 mins); Other approaches without GPUs - BoW
(48.4 mins). Classification Times (Rclass): Googlenet (0.138
secs), Inception-V3 (0.655 secs), Resnet-101 (0.27 secs); BoW
(10 secs). Accuracy (A) Googlenet (mean = 56%, stdev = 24%,
p10 = 20%, p90 = 83%), Inception-V3 (mean = 67%, stdev = 23%,
p10 = 30%, p90 = 91%), Resnet-101 (mean = 71%, stdev = 22%,
p10 = 36%, p90 = 91%), BoW (52%).

Conclusions: DL approaches achieve superior accuracy, are
slow training but fast classifying. However, they also require
powerful servers plus GPUs to work, and further work is needed
to individualize food items and CHC.
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COMPARING DEEP-LEARNING WITH HVS FOR
AUTOMATED CHC IN SELF-MANAGEMENT OF
DIABETES

M. Caldeira1, C. Baptista2, D. Martins2, P. Martins1,
F. Carrilho2, P. Furtado1

1Coimbra’s University, Informatic Engineering,
Coimbra, Portugal
2Coimbra’s Hospital University Centre, Endocrinology,
Coimbra, Portugal

Introduction: Carbohydrate counting (CHC) is an established
approach in type 1 diabetes, currently depending on patient
perception. Automated CHC aims at estimating the value auto-
matically. It requires capturing food images with a smartphone
camera and applying food and food volume recognition algo-
rithms.

Aim: Compare quality of state-of-art Deep Learning (DL)
approaches based on Convolution Neural Networks (CNNs) to
the capacity of the Human Visual System (HVS) in recognition
of food dishes.

Approaches: DL: CNNs Googlenet, Inception-V3 and
Resnet-101 on public food database (UEC Food 256); HVS:
Survey on 30 individuals with training and testing phase on 15
classes of same database chosen to represent equally-separated
DL percentiles of accuracy.

Metrics: (A) = Food Recognition Accuracy of DL on the
classes of food in UEC Food 256, with 31000 food images, 80%
train, 20% test, versus accuracy of HVS based on designed
survey;

Results: Accuracy over all foods (A) Googlenet (mean = 56%,
stdev = 24%, p10 = 20%, p90 = 83%), Inception-V3 (mean = 67%,
stdev = 23%, p10 = 30%, p90 = 91%), Resnet-101 (mean = 71%,
stdev = 22%, p10 = 36%, p90 = 91%). HVS (mean = 80.7%, stdev =
19%, p10 = 47%, p90 = 100%).

Conclusions: Deep learning approaches are the state-of-
the-art approach for food recognition. They are quite accu-
rate. We compared with HVS, still better in these experi-
ments. Further challenges: improve DL approaches and
region-based DL approaches, add semantics that might
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improve accuracy to match or overcome that of HVS; add
other parts to do CHC.
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ATTD19-0065

WHEN CHILDCARE ISN’T SWEET: CHALLENGES
FOR VERY YOUNG CHILDREN WITH TYPE 1
DIABETES

A. Albanese-O’Neill1, R. Bailey2, N. Foster2, H. Rodriguez3,
C. Jackson4, J. Sherr5

1University of Florida, Department of Pediatrics,
Gainesville, USA
2Jaeb Center for Health Research, T1D Exchange, Tampa, USA
3University of South Florida, Epidemiology, Tampa, USA
4American Diabetes Associaion, American Diabetes
Association, Alexandria, USA
5Yale School of Medicine, Department of Pediatrics, New
Haven, USA

Objectives: Type 1 diabetes (T1D) can impact childcare op-
tions for parents of young children. The purpose of this study was
to characterize diabetes care by childcare attendance status
among young children in the T1D Exchange Clinic Registry.

Methods: A questionnaire was emailed to 219 parents/guardians
of participants 1–6 years old, garnering a 32% response rate.
Data from 71 children (mean age 5 years, mean age at diag-
nosis 2 years, 58% male, 93% non-Hispanic white, 80% pump
users, 70% CGM users, 76% privately insured) were ana-
lyzed.

Results: Nearly 50% reported childcare attendance with
median attendance of 15 hours/week. HbA1c (p = 0.76) and
frequency of SMBG (p = 0.44) did not differ by childcare at-
tendance. One third of respondents were denied childcare at-
tendance due to T1D. At childcare, a staff member was solely
responsible to check blood glucose in 51% and administer
insulin in 34% of cases; otherwise, family members performed
these tasks. While glucagon rescue kits were available for all
childcare attendees, only 49% had a staff member identified to
administer it. Among non-attendees, 70% reported T1D was a
factor in having the child remain home. More than one-third of
those surveyed experienced changes in parental employment
status post-diagnosis, with 35% reporting a reduction in hours
worked and 27% leaving the workforce.

Conclusions: T1D in young children potentially limits child-
care options and influences parental employment status. Since
much of the burden of diabetes management is still undertaken by
family caregivers, even when the child attends childcare, advo-
cacy to address this issue is needed.
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ATTD19-0066

IMPACT OF GLUCOSE ANALYTIC ERROR ON RISK
OF MISCLASSIFICATION OF PATIENTS USING
AMERICAN DIABETES ASSOCIATION DIAGNOSTIC
CRITERIA

O. Lyon1, M. Lyon2, A. Lyon2, J. DuBois3, N. Tran4

1University of Saskatchewan, Computer Science,
Saskatoon, Canada
2Saskatchewan Health Authority, Pathology and Laboratory
Medicine, Saskatoon, Canada
3Nova Biomedical, Scientific Affairs, Waltham, USA
4University of California Davis, Pathology and Laboratory
Medicine, Sacremento, USA

Background & Aims: Current American Diabetes Associa-
tion (ADA) guidelines state a fasting plasma glucose (FPG)
‡126 mg/dL (7.0 mmol/L) is diagnostic of diabetes, 100–126 mg/
dL (5.6–7.0 mmol/L) pre-diabetes and <100 mg/dL (5.6 mmol/L)
as healthy. The objective was to evaluate the impact of analytic
error of glucose measurement and biological variation on mis-
classification of healthy, pre-diabetic and diabetic patients.

Methods: NHANES 2015 FPG dataset was used as a popula-
tion sample (n = 2972) for simulation studies: prevalence of 13.1%
diabetics by FPG. FPG results were categorized using ADA cri-
teria. FPG concentrations were then modified in a statistical model
by addition of bias, imprecision and biological variation. The
fraction of modified FPG results misclassified between ADA
healthy, pre-diabetic and diabetic groups was assessed.

Results: The fractions of FPG results misclassified as functions
of bias and precision were determined. Representative results were:
(A) Biologic variation of FPG alone misclassified: 15% of Healthy
values as Pre-diabetics, 20% of Pre-diabetics as Healthy, 3 % of Pre-
diabetics as Diabetic, and 4% of Diabetic as Pre-diabetics. (B) Ad-
dition of 2% precision and –5% bias misclassified: 44% of Pre-
diabetics as Healthy and 11% of Diabetics as Pre-diabetics and 11%
of Diabetics as Pre-diabetic. (C) Addition of 2% precision and +5%
bias misclassified: 36% of Healthy patients as Pre-diabetics, 11% of
Pre-diabetics as Diabetic and 11% of Pre-diabetics as Healthy.

Conclusions: This simulation model demonstrated significant
risk of misclassification errors of diabetics, pre-diabetics and
healthy patients due to bias of FPG methods and demonstrated
minor influence of precision.
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ATTD19-0067

IMPACT OF HBA1C ANALYTIC ERROR ON
CLASSIFICATION OF PATIENTS USING AMERICAN
DIABETES ASSOCIATION DIAGNOSTIC CRITERIA

O. Lyon1, M. Lyon2, A. Lyon2, J. DuBois3, N. Tran4

1University of Saskatchewan, Computer Science,
Saskatoon, Canada
2Saskatchewan Health Authority, Pathology and Laboratory
Medicine, Saskatoon, Canada
3Nova Biomedical, Scientific Affairs, Waltham, USA
4University of California Davis, Pathology and Laboratory
Medicine, Sacramento, USA
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Background & Aims: While HbA1c methods have improved,
commercial methods continue to have –5%bias (e.g. For a target
of 53.5 mmol/mol: 50.8 to 56.2; For a target of 7.0%: 6.65 to
7.35%) in proficiency testing programs. The aim of this study
was to evaluate the influence of HbA1c analytical error on
misclassification of patients using diagnostic criteria outlined by
the American Diabetes Association (ADA).

Methods: NHANES 2015 HbA1c dataset was used as a
population sample (n = 6326) for simulation studies: prevalence
of 11.0% diabetics by HbA1c. HbA1c results were categorized
using ADA criteria as healthy, pre-diabetic or diabetic. HbA1c
concentrations were then modified in a statistical model by ad-
dition of bias, imprecision and biological variation. The fraction
of modified HbA1c results misclassified between ADA healthy,
pre-diabetic and diabetic groups was assessed.

Results: The fractions of HbA1c results misclassified as
functions of bias and precision were determined. Representative
results were: (A) Biologic variation of HbA1c alone mis-
classified: 7% of Healthy values as Pre-diabetics, 15% of Pre-
diabetics as Healthy, 1 % of Pre-diabetics as Diabetic, and 2% of
Diabetic as Pre-diabetics. (B) Addition of 2% precision and -5%
bias misclassified: 62% of Pre-diabetics as Healthy and 16% of
Diabetics as Pre-diabetics. (C) Addition of 2% precision and
+5% bias misclassified: 25% of Healthy patients as Pre-diabetics
and 17% of Pre-diabetics as Diabetic.

Conclusions: This simulation model demonstrated significant
risk of misclassification errors of diabetics, pre-diabetics and
healthy patients due to bias of HbA1c methods and demonstrated
minor influence of precision.

146

Clinical Decision Support Systems - Advisors

ATTD19-0077

MICROBIOLOGICAL MONITORING OF URINE IN
PATIENTS WITH DIABETES MELLITUS

L. Kolesnikova1, L. Khamnueva2, O. Karnoukhova2,
L. Andreeva2, E. Chugunova2, S. Kolesnikov3, M. Darenskaya1

1Scientific Centre for Family Health and Human Reproduction
Problems, Personalized medicine, Irkutsk, Russia
2Irkutsk State Medical University of the Ministry of Health,
Endocrinology- Clinical Pharmacology and Immunology,
Irkutsk, Russia
3Scientific Centre for Family Health and Human Reproduction
Problems- Moscow State University Lomonosov M.V.,
personalized medicine, Irkutsk- Moskow, Russia

Background and Aims: Various factors may contribute to the
enhanced risk of urinary tract infections in patients with diabetes
mellitus (DM). The aim of this study is to monitor the microbial
profile of urine in patients with DM to optimize therapeutic
measures.

Method: 76 patients with DM from 18 to 78 years old were
included in the study: 31 of them with type 1 diabetes mellitus
(T1DM) (40.79%) and 45 (59.21%) – with type 2 diabetes
mellitus (T2DM). The mean value of glycosylated hemoglobin
A1C was 10.01 – 2.96% for T1DM, 9.38 – 2.01% for T2DM;
glycosuria -31.04 – 24.48 and 26.87 – 19.02 mmol/L, respec-
tively. The isolated strains of microorganisms were identified
using the MICROLATEST test system.

Results: In 89.47% of cases, 86 strains of opportunistic mi-
croorganisms (OM) were isolated. The share of Gram-positive

microflora was 65.64%, Gram-negative microflora - 27.91%,
Candida (6.45%). The most frequent pathogens were Staphylo-
coccus spp. - 48.38%, among which S. aureus was dominated
(16.13%). The share of S. ureolyticus was 6.45%, S.epidermidis
and S. haemolyticus were isolated at 12.9%. Often, Streptococcus
spp. (S. agalactiae, 3.23%) and Enterococcus spp. (E. faecalis, E.
faecium, 29.03% of the total). Among Gram-negative microflora
- E. coli (12.9%) was dominanted. Coagulase-Negative Staphy-
lococci (32.25%) and Enterococci (29.03%) in T1DM were
dominated, Enterobacteriaceae were prevailing in T2DM (E.
coli often was isolated (34.55%). During the urine test, Candida
were isolated, that were potential pathogens in patients with
diabetes.

Conclusion: Monitoring the microbial profile of urine using
modern bacteriological methods makes it possible to optimize
therapeutic measures for urinary tract infections in diabetic
patients.
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ATTD19-0093

TECHNOLOGY UTILIZATION OF PATIENT PORTALS
IN A PEDIATRIC CLINIC: A PILOT SCREENING
REVIEW

C. Pillai1, S. Lugo1, M. Rivera Davila1, N. Rubio1, A. Shah1,
V. Katherine1, M. Yafi1

1University of Texas at Houston Health Science Center,
Pediatric endocrinology, Houston, USA

Background: The availability of electronic system such as
patient portals have allowed patients and parents of children to
retrieve updated health information electronically anywhere and
anytime.

Some systems may allow patients and parents submitting
appointment requests, receive reminders of upcoming appoint-
ments, request prescription refills and communicate securely
with physicians.

Aim: To screen parents about their knowledge of an existing
patient portal system then evaluate the utilization rate after the
screen.

Methods: Parents were asked to fill a survey during a regular
pediatric endocrinology clinic visit which included three ques-
tions regarding awareness of the portal system, whether if they
are currently utilizing and their willingness to utilize it in the
future. The utilization rate of patient portal was evaluated in a
one- year period before and after the screen.

Results: Out of the 151 questionnaires obtained, only 34% of
our population studied knew about the Patient Portal System.
When asked if enrolled in the Patient Portal System, 33% of them
were enrolled. The majority of people, 70%, wanted to know
more about the Patient Portal System. Information regarding the
Patient Portal System was given to them.

The utilization rate went up 12% between 2016 and 2017.
Discussion: Patient portals have been reported to have many

benefits including improved doctor-patient communication, in-
creased patient satisfaction and increased patient investment in
their own care. One obvious barrier to the usage of patient portals
is ignorance of its existence. Educating people about the portal
can make patients more likely to use these platforms and possibly
have better clinical outcomes.
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THE IMPACT OF ACCURATE CARBOHYDRATE
COUNTING ON PATIENT’S GLYCEMIC TARGETS

C. Abreu1,2, F. Miranda1,3, P. Felgueiras4

1Instituto Politécnico de Viana do Castelo, Escola Superior de
Tecnologia e Gestão, Viana do Castelo, Portugal
2CMEMS-UMinho, Universidade do Minho, Braga, Portugal
3CIDMA, Universidade de Aveiro, Aveiro, Portugal
4Unidade Local de Saúde do Alto Minho, Hospital de Santa
Luzia, Viana do Castelo, Portugal

Background and Aims: Preprandial insulin bolus is adjusted
taking into account the carbohydrate content of each meal, the
patient’s glycemic targets (GHyper, GT and GHypo), the insulin
sensitivity factor (ISF), and the insulin-to-carb ratio (ICR)
throughout the day. Evidence suggests that accurate carbohy-
drate counting may have positive effects not only on reducing
glycosylated hemoglobin concentration but also on decreasing
the incidence of hypoglycemic episodes. Therefore, the efficacy
of carbohydrate counting depends not only on the ability of each
patient accurately estimate the carbohydrate content of each
meal but also on each patient glycemic targets.

Method: This study proposes a new analytic method that uses
personalized data (i.e., the insulin-to-carb ratio, the insulin sen-
sitivity factor, and the glycemic targets of each patient) to find the
maximum absolute error (DCHOmax) that each patient can
commit while estimating the carbohydrate content of each meal
in order to avoid hypoglycemic and hyperglycemic events, i.e.:

DCHOmax¼ ICR=ISF · min GHyper�GT;GT�GHypo

� �
:

Results: Within the UVA/Padova T1 Diabetes Metabolic
Simulation platform (T1DMS v3.2, 2013), we found that incre-
ments of about 20 mg/dL in min{GHyper - GT, GT - GHypo} result
in increments of at least 5 g in DCHOmax, which may result in a
substantial reduction of hypoglycemic episodes.

Conclusion: The proposed method allows patients with
T1DM diabetes to be more confident when using carbohydrate
counting, as their glycemic targets can be fitted according to their
ability to accurately estimate the carbohydrate content of each
meal and, therefore, reduce the risk of hypoglycemic events.
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ATTD19-0139

HOW TO IMPROVE HEALTHCARE MANAGEMENT
IN LAB MEDICINE USING SYSTEMATIC BIG DATA
ANALYTICS AN EXAMPLE OF DIABETIC PATIENT
CARE IMPROVEMENT IN FRENCH LABORATORIES

J.P. Galhaud1, L. Stankevich1, P. Gontard2, R. Kuvshinov3

1Groupe LABEXA, Aquitaine, LE HAILLAN
BORDEAUX, France
2Gontard & Cie Group, Aquitaine, Moscow, Russia
3Gontard & Cie Group, Moscou, Moscow, Russia

To improve diabetes care management, we used a big data
analysis to show how the HbA1c prescriptions can be improved.

In our study, data from more than 110000 patients (more than
200000 HbA1c tests) was analysed.

An examination of the population tested with HbA1c shows an
average age of more than 65 years although the recommendation
is 45. That means that HbA1c in our laboratories is requested
mostly for monitoring according to French recommendations.

Is it possible to give more value to the diagnostic by using it
for screening purposes ?

The average result for HbA1c value was pathological: 6,6 %
(NGSP). WHO and ADA define an HbA1c cut-off criteria for
type 2 diabetes diagnosis as 6.5%; 45–56% of pathological re-
sults (HbA1c ‡ 6,5%) and 20–26% of low risk ones (HbA1c <
5,7%). Approximately 30% of the results were in the grey zone
(HbA1c 5,7–6,4%), which were recognized by endocrinologists
as ‘‘pre-diabetic’’ results.

We found that only 13% of diabetic patients undergo 4 tests
per year, which is mostly recommended for diabetes monitoring.

Due to interaction with prescribers discussing this data we
achieved:

- Among screening patients, we found up to 10% of patho-
logical results and approximately 35% of (‘‘pre-diabetic’’)

- Special reports were created to assist physicians to improve
the monitoring of diabetic patients

- An increase of the HbA1c testing mostly by using it for
diabetes screening

Conclusion: Big data analysis approach allows us to improve
diabetes management care by monitoring diabetic patients
through efficient diabetes screenings.

150

Clinical Decision Support Systems - Advisors

ATTD19-0191

A PERSONALIZED MEAL GRADING SYSTEM USING
PROFESSIONAL CGM (IPRO2) WITH THE
FOODPRINT BY NUTRINO

R. Vigersky1, Y. Hadad2, O. Mandelbaum3, S.S. Peretz4,
M. Kasamanian5, W. Kern5

1Medtronic Diabetes, Clinical and Medical Affairs,
Northridge, USA
2Nutrino, Science, San Francisco, USA
3Nutrino, Business Development, San Francisco, USA
4Nutrino, Research and Development, Tel Aviv, Israel
5Medtronic Diabetes, Marketing, Northridge, USA

Background: The iPro2TM professional continuous glucose
monitoring (CGM) system collects masked sensor glucose (SG)
data for retrospective analysis through CareLink� software.
Meals, activity, and medication are entered via a smartphone
app and integrated with the CGM tracings in the CareLinkTM

report. The iPro2TM CGM system now incorporates the Food-
PrintTM report developed by Nutrino. Smartphone photographs
are used to provide an association between the meal and gly-
cemic excursion.

Methods: FoodPrintTM grading uses a proprietary, non-linear
algorithm to score a set of meals for each patient from A through
F. The patient is his/her own control allowing for the possibility
that similar meals may result in different grades between patients.

Results: The relationship of the grade assigned by the Food-
PrintTM report of 1248 meals in 117 patients with diabetes to the
peak post-prandial glucose rise was analyzed (Table). The meal
grade and mean glycemic excursions are well-correlated. The
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high SD’s reflect the wide inter-personal glucose responses to a
set of meals for each patient.

Conclusions: The combination of CareLink� reports and
FoodPrintTM grading allows: a) patient-tailored nutritional ad-
vice; b) patient self-learning; and c) better informed medication
changes. We believe this type of information into patients’ CGM
assessments can help achieve both patient engagement and more
personalized therapy.
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ATTD19-0202

DECREASED ACCURACY OF THE FREESTYLE�

LIBRE GLUCOMETER DURING ENDURANCE
EXERCISE IN PEOPLE WITH TYPE 1 DIABETES:
HYPOGLYCAEMIA IS THE WEAK SPOT

M.L. Eckstein1, O. Moser1, A. Mueller2, P. Birnbaumer2,
F. Aberer3, G. Koehler3, C. Sourij3, H. Kojzar3, P. Pferschy3,
P. Dietz4, R.M. Bracken1, P. Hofmann2, H. Sourij3

1Swansea University, Applied Sport- Technology- Exercise and
Medicine Research Centre A-STEM- College of Engineering-

Swansea University- Swansea- United Kingdom, Swansea,
United Kingdom
2University of Graz, Exercise Physiology- Training & Training
Therapy Research Group- Institute of Sports Science-
University of Graz- Graz- Austria, Graz, Austria
3Medical University of Graz, Division of Endocrinology and
Diabetology- Department of Internal Medicine- Medical
University of Graz- Graz- Austria, Graz, Austria
4University of Mainz, Institute of Occupational- Social and
Environmental Medicine- University Medical Centre of the
University of Mainz- Mainz-Germany, Mainz, Germany

Background and Aims: An increasing number of subjects
with type 1 diabetes (T1D) are using the FreeStyle� Libre
glucometer (Abbott, Diabetes Care, Alameda, USA) (FLGM) to
monitor their glucose levels during exercise. However, data on
FLGM performance during exercise is limited. The aim of this
study was to evaluate the accuracy of the FLGM compared with
Biosen C-line, (EKF diagnostic GmbH, Barleben, Germany)
using capillary blood glucose in people with T1D performing
moderate-intensity endurance exercise.

Methods: Nine participants with T1D (4 females, age
32.1 – 9.0 years, BMI 25.4 – 3.6 kg/m2, HbA1c 7.2 – 0.6%
[55 – 7 mmol$mol-1]) exercised on a cycle ergometer for 55 min
at a moderate intensity for five consecutive days at the clinical
research facility. During exercise, reference capillary blood
glucose values obtained from the earlobe (20 ll) were compared
to capillary blood glucose values obtained from fingertip (0.6 ll),
analysed via FLGM. Accuracy of the FLGM during exercise was
then evaluated by means of median absolute relative difference
(MARD), Clarke error grid and Bland-Altman analysis for
overall glucose levels and stratified for pre-specified glycaemic
ranges.

Results: 495 blood glucose values were available to assess the
FLGM accuracy. The overall MARD across glycaemic ranges at
rest was 13.5% (interquartile range 7.3–17.6%), while the overall
MARD during exercise was 12.7% (7.8–16.7%), 23.6% (12.3–
32.8%) during hypoglycaemia, 12.8% (7.9–16.8%) during eu-
glycaemia and 9.3% (6.0–12.3%) during hyperglycaemia.

Conclusion: The FLGM showed in general decreased accu-
racy during exercise and in particular during hypoglycaemia.
Consequently, absolute glucose values given by the FLGM
should be interpreted cautiously around exercise.
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ATTD19-0206

HOW DOES INPATIENT DIABETES MANAGEMENT
AFFECT DISCHARGE SUGGESTIONS?

D. Hochfellner1, H. Ziko1, A. Ajsic1, M. Pandis1, P. Beck2,
J.K. Mader1

1Medical University Graz, Endocrinology and Diabetology,
Graz, Austria
2decide Clinical Software GmbH, decide Clinical Software
GmbH, Graz, Austria

Introduction: Type 2 diabetes treatment in hospitalized pa-
tients is often insufficient, expensive and laborious for medical
staff. Decision support systems may play a crucial role in the
improvement of inpatient glycemic control. The transition
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process at hospitalization and hospital discharge is little char-
acterized so far.

Methods: In this retrospective analysis we assessed all dia-
betes cases hospitalized and managed with GlucoTab�, a diabetes
management system including the option for algorithm-driven
basal-bolus insulin therapy, on an endocrinology ward of a ter-
tiary center from October 2016 to November 2017.

Results: In 157 cases we evaluated insulin therapy before, during
and after hospitalization according to allocated treatment: one group
received physician-driven treatment (standard care: n = 79, 29.1%
female, age 73.0 – 11.8 years, HbA1c 63 – 19 mmol/mol, creatinine
1.4 – 0.8 mg/dl), one group algorithm-driven basal-bolus insulin
therapy (algorithm group: n = 50, 32% female, age 69.0 – 11.1 years,
HbA1c 82 – 28 mmol/mol, creatinine 1.5 – 1.2 mg/dl) and one group
received both treatments (mixed group, n = 28 42.9% female,
age 73 – 11.2 years, HbA1c 68.6 – 19.0 mmol/mol, creatinine
1.48 – 0.86 mg/dl). Post-discharge insulin therapy was suggested in
69.6% (standard care group), 86% (algorithm group) and 92.9%
(mixed group). Subsequent basal-bolus insulin therapy was sug-
gested in 72% (algorithm group), 19% (standard care group) and
39.3% (mixed group).

Conclusion: Inpatient algorithm-driven basal-bolus insulin
therapy results in higher rates of subsequent insulin therapy at
discharge. In particular basal-bolus insulin therapy suggestion is
predominant, indicating that during hospital stay an improve-
ment in glycemic control was safely achieved and continuation
of this therapy is assumed to be effective for subsequent home-
therapy.
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ATTD19-0221

INVESTIGATING DETECTION STRATEGY FOR
FALSE FOOD CONSUMPTION REPORTS BASED ON
CGM SIGNALS IN GESTATIONAL DIABETES
PATIENTS

E. Pustozerov1,2, P. Popova2,3, Y. Bolotko2, A. Tkachuk2,
A. Vazhenina1, E. Grineva2

1Saint Petersburg State Electrotechnical University,
Department of Biomedical engineering, Saint
Petersburg, Russia
2Almazov National Medical Research Centre, Institute of
Endocrinology, Saint Petersburg, Russia
3Saint Petersburg Pavlov State Medical University, Department
of therapy, Saint Petersburg, Russia

Background and Aims: False reporting of food consumption
is a well-known problem that appears often in gestational dia-
betes mellitus (GDM) patients. An algorithm for automatic de-
tection of false (for example, with underestimated carbohydrates
consumption) reports could help in finding effective disease
management strategies.

Methods: Patients with GDM were monitored with iPro2
CGMS and a specially developed app DiaCompanion, which
they used to keep track on the diet. Patients were asked to choose
food items and appropriate consumed grams from in-app food
database, which were automatically converted into macro- and
microelements by the software. CGM signals were used to verify
the correctness of food reports.

Results: A total of 95 participants (78/18 GDM/healthy) were
included into one-week monitoring, in which they reported food

intakes. The information on 1123 food intakes was analyzed. For
60 GDM patients (77%) who sent physicians non-empty food
diaries there were 7.6 – 4.5 BG peaks specific for food intake
without appropriate records in a diary, 2.8 – 2.1 food intakes with
clearly wrong time provided in a diary, 1.3 – 0.5 food intakes
with clearly underestimated carbohydrates. Corresponding val-
ues for healthy individuals did not differ significantly.

Conclusions: The results show that only 16 of 60 (27%) pa-
tients reported all food intakes with less than 5 serious mistakes
that could be obviously detected. Food reports in GDM patients
should be considered carefully and special rule-based algorithms
should be implemented to help physicians in dealing with false
food reports and missing data.

The study was funded by Russian Science Foundation (project
No. 18-75-10042).
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DEVELOPMENT AND IMPLEMENTATION OF A
CLINICAL SUPPORT SYSTEM FOR THE
MANAGEMENT OF HYPERTENSION AND DIABETES
IN THE PRIMARY CARE SETTING: A SUBSTUDY OF
HEALTHRISE BRAZIL

M. Marcolino1, J. X Maia2, J. A Q Oliveira2, C. C R Cimini3,
V. A Pinto3, T. Q V Sá2, P. W Endlich3, M. O Lima4,
M. T Barone5, A. L Ribeiro2

1Universidade Federal de Minas Gerais, Department of
Internal Medicine andTelehealth Center- University Hospital,
Belo Horizonte, Brazil
2Universidade Federal de Minas Gerais, Department of
Internal Medicine and Telehealth Center- University Hospital,
Belo Horizonte, Brazil
3Universidade Federal do Vale do Mucuri, Campus Teófilo
Otoni, Teófilo Otoni, Brazil
4Universidade Federal do Vale do Mucuri, Campus
Diamantina, Diamantina, Brazil
5Medtronic Foundation, Public Health Institute, São
Paulo, Brazil

Background: Achieving control of hypertension (HT) and
diabetes mellitus (DM) is challenging. Our aim was to develop a
clinical decision support system (CDSS) for DM and HT man-
agement in primary care, to implement it in a low-income region,
and to evaluate its usability and user satisfaction.

Methods: This study is a substudy of HealthRise Brazil. It
included: (i) CDSS development and validation; and (ii) field
study in 35 primary care units in 10 small towns in Minas Gerais,
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Brazil. Usability and satisfaction assessment, using a Likert-
scale questionnaire, was applied after six months.

Results: In total, 1,939 patients were registered in the appli-
cation’s database and ninety-six frontline health professionals
answered the questionnaire (Table 1), 35.4% of them did not use
any form of health technology before this project.

Conlcusion: The CDSS was applicable in the context of pri-
mary health care setting in a low income region, with good user’s
satisfaction and potential to improve adherence to evidence-
based practices. The intervention is being tested to assess the
impact on blood pressure and glycemic control.
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ATTD19-0228

DEVELOPMENT OF AN ADAPTIVE, REAL-TIME,
INTELLIGENT SYSTEM TO ENHANCE SELF-CARE
OF CHRONIC DISEASE (ARISES)

C. Uduku1, K. Li2, J. Daniiels2, P. Hererro2, M. Reddy1,
N. Oliver1, R. Spence3, P. Georgiou2

1Imperial College London, Diabetes and Metabolic Medicine,
London, United Kingdom
2Imperial College London, Centre for Bio-Inspired Technology,
London, United Kingdom
3Imperial College London, Electrical and Electronic
Engineering, London, United Kingdom

Background and aims: Diabetes mobile health applications
provide a front-end interface allowing interaction with data from
wearable devices. Limitations in operational efficiency, usabil-
ity, and functionality of health apps continue to hinder their
widespread adoption and retention. To overcome these barriers,
we have designed a mobile interface for a novel adaptive deci-
sion support system using deep machine learning algorithms,
continuous glucose monitoring (CGM), and wearable physio-
logical data acquisition sensors. We present here the ARISES
prototype for use in type 1 diabetes (T1D) self-management.

Methods: The interface design was derived from discus-
sions and feedback from twelve 2-hour semi-structured multi-
disciplinary focus meetings. The inclusion of 10 people with
T1D alongside a clinician, engineer, and expert in human com-
puter interaction allowed co-designing the system with potential
future users. Documented outcomes and participant question-
naire data were anonymously shared among the design team for
validation. Literature-based evidence influenced our design
framework.

Results: We designed an efficient non-hierarchical interface
capable of presenting graphical real-time and predicted glucose
data, handling macronutrient and exercise input, and delivering
adaptive insulin bolus advice all on one home screen. The dy-
namically interactive 30-minute predicted blood glucose profile
will react in real-time to macronutrient entry, exercise, physio-
logical data, and insulin on board. A dedicated advice domain
exploiting the deep learning algorithm will present contextual
temporal and behavioural trends associated with dysglycaemia.

Conclusion: Using a multidisciplinary and user-based design
approach we have designed a prototype for a novel multi-
functional mobile decision support system integrating multiple
wearable technologies. Clinical usability and feasibility studies
will commence in 2019.
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INSULCLOCK�: A NOVEL INSULIN DELIVERY
OPTIMIZATION AND TRACKING SYSTEM

F. Gomez-Peralta1, C. Abreu1, S. Gomez-Rodriguez1,
M. Cruz-Bravo1, E. Alcarria1

1Hospital General de Segovia, Endocrinology and Nutrition
Unit, SEGOVIA, Spain

Achieving and maintaining controlled glycemic levels is
challenging in people with insulin-treated DM, being poor
treatment adherence and suboptimal insulin injections the main
obstacles to treatment success.

Methods: This research article presents the main function-
alities and performance tests on Insulclock�, an electronic
device to be plugged into insulin pen devices and connected
with a smartphone app to improve insulin management. In-
sulclock� tracks the date, time, dose, type of insulin, temper-
ature, and duration of insulin injections. This information is
stored and available for monitoring and analysis by patients
and healthcare providers. This device also has a reminder
system with visual and acoustic alerts to reduce insulin omis-
sions and mistiming.

Results: Results of the main performance tests reveal that
Insulclock� can detect 7 types of insulin pens with 97%
correct classification rate. Among 556 injections, most of the
doses were accurately detected (deviation = 0) with relative
errors ranging from 3% to 7% across all the dose groups. The
precision of the temperature sensor was evidenced by the high
correlation of the temperatures detected by Insulclock� and
by an external thermometer (Pearson’s r2 = 0.90). Moreover,
the duration of injections recorded by this device strongly
correlated with those detected by an external chronometer
(r2 = 0.99).

Conclusions: The Insulclock is a novel optimization device
capable to track in dosing, timing and missing insulin adminis-
tration. The promising possibilities it offers for DM self-
management will likely help healthcare providers, researchers
and insulin users to detect and avoid frequent errors in insulin
administration.
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ATTD19-0245

TYPE 2 DIABETES SIMULATOR FOR TESTING BASAL
INSULIN THERAPY IN INSULIN-NAIVE PATIENTS

R. Visentin1, M. Schiavon1, M. Riz2, B. Goebel2, T. Klabunde2,
C. Dalla Man1

1University of Padova, Department of Information Engineering,
Padova, Italy
2Sanofi-Aventis Deutschland GmbH, Systems Pharmacology,
Frankfurt am Main, Germany

Background and Aim: Advanced-stage type 2 diabetes
(T2D) subjects may require insulin therapy in addition to oral
and other injectable antidiabetic drugs. In particular, long-
acting insulin analogs are used to cover basal insulin needs.
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However, finding the optimal individual insulin dose may be
cumbersome and time demanding. In this regard, in silico
testing is supportive. Here we develop a T2D simulator incor-
porating long-acting insulin Degludec (iDeg), as case study,
aiming to provide a usable tool for guiding insulin therapy
initiation in T2D subjects.

Methods: We first tuned our T2D simulator (T2DS, Visentin
et al., ATTD 2014) to reproduce the behavior of insulin-naive
T2D subjects of a clinical study (Holst et al., J Diabetes Sci
Technol 2016). Then, we developed a pharmacokinetic model
describing iDeg subcutaneous absorption based on average T2D
clinical data, and incorporated it into the T2DS. Finally, we
performed a 52-week simulation with subjects up-titrated to
optimal iDeg dose, and compared final fasting plasma glucose
(f-FPG) and final iDeg dose (f-iDeg) with those of a clinical
study (Zinman et al., Diabetes Care 2012).

Results: After 52 weeks, in silico results were almost super-
imposable to clinical ones: f-FPG was 108 – 21 mg/dL in silico
vs. 106 – 55 mg/dL in vivo; f-iDeg was 0.59 – 0.29 U/kg in silico
vs. 0.59 – 0.35 U/kg in vivo.

Conclusions: iDeg-T2DS reproduced the main findings of a
clinical trial, proving its ability to describe basal insulin therapy
initiation in insulin-naive T2D subjects. Hence, T2DS represents
an effective way to test in silico insulin titration to optimize
safety and efficacy for T2D therapy.
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ATTD19-0249

LONG ACTING INSULIN DOSE RESPONSE
MODELLING IN TYPE 2 DIABETES

T.B. Aradóttir1, H. Bengtsson3, M.L. Jensen4, N.K. Poulsen1,
D. Boiroux1, S. Schmidt2, K. Nørgaard2

1Technical University of Denmark, Mathematical Modelling
and Computer Science, Kongens Lyngby, Denmark
2Copenhagen University Hospital, Endocrinology,
Hvidovre, Denmark
3Novo Nordisk A/S, Device R&D, Bagsvaerd, Denmark
4Novo Nordisk A/S, Global Development, Bagsvaerd, Denmark

More than 60% of type 2 diabetes (T2D) patients in USA
treated with insulin do not reach recommended HbA1c goals and
a titration period can last for years. Connected devices and dose
guidance tools are emerging to support this patient group in
reaching better outcomes. We aim to develop a dose response
model of long acting insulin to glucose dynamics to support
emerging digital health and dose guidance solutions.

We perform a clinical study to collect continuous glucose
monitoring (CGM) data during a long acting insulin titration
period. We use the high frequency glucose data and insulin data
to create a dose response model of each individual. The aim is to
identify a suitable model structure of fasting glucose to long
acting insulin dynamics.

The clinical study is a single centre, one arm exploratory
feasibility study. We include insulin naı̈ve adults with T2D. All
patients are equipped with a smartphone, a BG meter, and a
CGM during the trial period of up to 12 weeks. The primary
endpoint of the study is how well a linear dose response model,
given two weeks of data, can predict the dose needed to reach a

target glucose level, evaluated at the end of study. We observe
that a dose response model at two weeks can adequately de-
scribe the fasting glucose response at a later stage in treatment
intensification.
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CATEGORIZATION AND PREDICTION OF GLUCOSE
PROFILES OF TYPE 1 DIABETES PATIENTS BASED
ON A COMPOSITIONAL DATA ANALYSIS APPROACH

L. Biagi1,2, A. Bertachi1,2, M. Giménez3,4, I. Conget3,4,
J. Bondia4,5, J.A. Martı́n-Fernández6, J. Vehı́1,4

1Universitat de Girona, Institut d’Informàtica i Aplicacions,
Girona, Spain
2Federal University of Technology - Paraná UTFPR,
Department of Industrial Maintenance, Guarapuava, Brazil
3Hospital Clı́nic Universitari IDIBAPS Institut d’investigacions
Biomédiques August Pi i Sunyer, Diabetes Unit- Endocrinology
and Nutrition Department, Barcelona, Spain
4Centro de Investigación Biomédica en Red de Diabetes y
Enfermedades Metabólicas Asociadas, Ciberdem,
Madrid, Spain
5Universitat Politècnica de València, Instituto Universitario de
Automática e Informática Industrial, València, Spain
6Universitat de Girona, Departament d’Informàtica-
Matemàtica Aplicada I Estadı́stica, Girona, Spain

Background and aims: This study presents an approach
based on Compositional Data Analysis (CoDA) applied to glu-
cose profiles obtained from Continuous Glucose Monitoring
(CGM) of patients with type 1 diabetes (T1D). Glucose profiles
limited to 24-h and 6-h duration were categorized according to
the relative interpretation of time spent in different glucose
ranges at different times of day. The aim is to present the pre-
diction of the category of the next 6-h period based on the cat-
egory of the previous 24-h period.

Methods: Glucose data from six T1D patients were analyzed.
24-h and 6-h glucose profiles were distributed into time spent in
five glucose ranges, which determine the compositions. The log-
ratio coordinates of the compositions were categorized through a
clustering algorithm, which made possible the obtainment of a
linear model that should be used to determine the category of the
previous 24-h. A probabilistic model of transition between the
category of the past 24-h of glucose to the category of the future
6-h period was obtained.

Results: Leave one out cross validation achieved an average
above 90% of correct classification of the 24-h periods. The
CoDA approach is suitable for the categorization of glucose
profiles and is a promising tool for the prediction of different
categories of glucose control.

Conclusion: This categorization of daily glucose profiles
could assist physicians to tailor patient’s insulin dosing profile
and the prediction of the category of the next period could
assist patients to take correction measures in advance to adverse
situations.

Funding: MINECO-Spain-DPI-2016-78831-C2-1-R, MINECO-
Spain-DPI2016-78831-C2-2-R, FEDER-funds, CNPq-Brazil-
202050/2015-7, CNPq-Brazil-207688/2014-1.
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PREDICTION OF NOCTURNAL HYPOGLYCEMIC
EVENTS IN ADULTS WITH TYPE 1 DIABETES

A. Bertachi1,2, L. Biagi1,2, I. Contreras1, J. Vehı́1,3

1University of Girona, Institute of Informatics and Applications,
Girona, Spain
2Federal University of Technology - Paraná, Department
of Industrial Maintenance, Guarapuava, Brazil
3Centro de Investigación Biomédica en Red de Diabetes y
Enfermedades Metabólicas Asociadas, Ciberdem,
Madrid, Spain

Background and aims: Nocturnal hypoglycemia is a hazard
situation for subjects with type 1 diabetes (T1D), especially for
those who suffer of hypoglycemia unawareness. The objective of
this work is to make use of patients’ retrospective data to predict
the occurrence of nocturnal hypoglycemic events before the
patient goes to sleep.

Methods: The OhioT1DM dataset was considered in this
work, where in addition to using an insulin pump, patients wore
a physical activity tracker. Information related with patients’
insulin therapy, meals and physical activity were considered to
create individualized prediction models. Data from the physical
activity tracker was used to determine when patients started to
sleep. From this instant, the previous 6-h of retrospective data
was used to create input features for the models, where physi-
ological models were also applied on the data. The following 6-
h of data was used for class labeling. Multilayer perceptron
networks were used to train predictive models.

Results: To evaluate the predict performance of the models,
k-fold cross-validation (k = 5) was considered and the proce-
dure was repeated 100 times. Individualized results were ob-
tained thought the average of these 100 runs. Mean – SD values
of sensitivity, specificity and accuracy obtained for all the
patients were 43.99 – 17.73, 85.91 – 5.32 and 80.08 – 8.16
respectively.

Conclusion: The information provided by this decision sup-
port system may be helpful to patients with T1D to take actions to
anticipate the occurrence of nocturnal hypoglycemic events
while they get ready to sleep.

Funding: MINECO-Spain DPI2016-78831-C2-2-R, CNPq-
Brazil 202050/2015-7 and 207688/2014-1.
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PREDICTION AND IDENTIFICATION OF INSULIN-
INDEPENDENT DIABETES PROGRESSION FROM
VIRTUAL PATIENT MODEL

V. Minar1, S. Subramanian1, K. Ramarathnam1

1Indian Institute of Technology Madras, Engineering Design,
Chennai, India

Background and Aim: Pathophysiological cause of Type 2
diabetes (T2D) has various complexities and uncertainties. The
uncertainties includes amount of insulin being secreted, uptake
of glucose among secreted insulin (insulin sensitivity), effects of

Leptin and Ghrelin on insulin secretion to capture the condition
of obesity and the role of Free Fatty Acids (FFA). The aim of this
research is to propose a virtual patient model that incorporates all
the quantities relating to blood glucose homeostasis by consid-
ering these uncertainties in order to mimic the pathophysiology
of T2D patients.

Method: An integrated semi-empirical model comprising of
15 nonlinear coupled differential equations to anticipate the time
profile of glucose variation for future events has been developed
by assimilating the major hormonal effects. Using numerical
techniques and optimization methods in Simulation Analysis and
Modelling software (SAAM II, The Epsilon Group�), the model
output variables have been estimated. One-at-a-time approach
from local sensitivity analysis was used to find the most influ-
ential parameters in affecting the model dynamics.

Results: The model has been validated using Oral Glucose
Tolerance Test (OGTT) and Meal Tolerance Test (MTT) T2D
patient data from the literature. The clinically significant indices
such as Insulin Resistance, Leptin Resistance, High FFA sensi-
tivity and Ghrelin sensitivity were calculated.

Conclusion: From the simulated results, one could infer the
causes of T2D with obese through the identified sensitive pa-
rameters of the proposed virtual patient. Therefore, the treatment
can be primarily focused on impaired indices to attain the normal
Glycemic range.
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REAL WORLD COMPARISON BETWEEN APP
ENGAGEMENT OF A DIGITAL THERAPEUTIC AND
BLOOD GLUCOSE LEVEL MANAGEMENT AMONG
PATIENTS WITH TYPE-2 DIABETES IN SOUTH ASIA

B. Saboo1, A. Krishnakumar2, A. Shah2, P. Bakhtani2,
A. Sosale3, S. Joshi4, M. Shaikh2, R. Chawla5

1Dia Care, Endocrinology, Ahmedabad, India
2Wellthy Therapeutics, Clinical Research, Mumbai, India
3Diacon Hospital, Endocrinology, Bengaluru, India
4Diet and Diabetes Clinic, Diabetes, Mumbai, India
5North Delhi Diabetes Centre, Diabetes, New Delhii, India

Aim: Glycemic control among patients in South Asia is very
poor. We evaluate the effectiveness of the Wellthy Care� (WC)
app in changing behaviour to improve blood glucose (BG) levels.

Methods: We used de-identified data from 102 participants
enrolled in a 16-week lifestyle modification program delivered
through WC. The program was developed in lines with the
AADE7� guidelines and in collaboration with the RSSDI, and
included artificial intelligence powered real-time feedback and
coaching from a remote health coach.

Results: A significant difference between the mean pre- and
post-intervention FBS (145.38 vs 134.3 mg/dl, p = 0.0234) and PBS
(187.84 vs 166.36 mg/dl, p = 0.0287) values was observed. The
average total per-patient-week app engagement instances and
duration were 12.25 and 11 minutes, respectively.

The relation between app engagement and change in FBS and
PBS was studied. It was found that there was a stepwise decrease
in FBS and PBS levels as app engagement level increased. The
lowest tertile of app engagers reduced their FBS by 0.18 mg/dl;
the middle tertile of app engagers reduced their FBS and PBS by
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7.25 and 2.84 mg/dl, respectively; and those in the highest tertile
of app engagers reduced their FBS by 21.4 mg/dl (p = 0.018,
highest vs lowest), and PBS by 22.03 mg/dl (p = 0.023, highest vs
middle; p = 0.0022, highest vs lowest).

Conclusion: In low cost and infrastructure economies like
India, increased engagement of a digital therapeutic like Wellthy
Care� can further improve patients’ BG control, without any
additional burden on existing healthcare infrastructure.
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GLUCOTAB@MOBILECARE: ACCEPTANCE,
USABILITY, SAFETY AND EFFICACY OF THE
TABLET-BASED BASAL-INSULIN ALGORITHM FOR
GLYCEMIC MANAGEMENT IN PATIENTS WITH
TYPE-2-DIABETES RECEIVING HOME NURSING
CARE – STUDY PROTOCOL

J. Kopanz1, A. Libiseller1, K.M. Lichtenegger1, K. Donsa2,
T. Truskaller2, T. Augustin2, F. Aberer1, M. Pandis1,
J. Reinisch-Gratzer3, G.C. Ambrosch3, T.R. Pieber1,
J.K. Mader1

1Medical University of Graz, Division of Endocrinology and
Diabetology- Department of Internal Medicine, Graz, Austria
2Joanneum Research GmbH, HEALTH- Insitute for
Biomedicine and Health Sciences, Graz, Austria
3Austrian Red Cross, Landesverband Steiermark, Graz, Austria

Introduction: Diabetes management can be complex and error-
prone in elderly patients, thus international guidelines recommend
simple therapy regimens with low hypoglycemia risk. To facilitate
diabetes management an algorithm for basal or basal-plus insulin
therapy was developed and incorporated into a tablet-based work-
flow and decision support system (GlucoTab@MobileCare).

Methods: In this open-label, single-centre, non-controlled study,
the acceptance, usability, safety and efficacy of GlucoTab@Mobi-
leCare using a basal or basal-plus insulin algorithm in elderly pa-
tients with type-2-diabetes receiving home nursing care by the
Austrian Red Cross Graz is investigated. During a three months
treatment period, patients receive basal or basal-plus insulin therapy
once daily suggested by the GlucoTab@MobileCare algorithm. For
the primary outcome the percentage of actions GlucoTab@Mobi-
leCare supports either to capture BG values or provide insulin dose
suggestions according to the algorithm will be analysed. Secondary
outcomes include days with fasting blood glucose in target ac-
cording to health status, mean glucose, HbA1c changes, user
practicability and satisfaction with GlucoTab@MobileCare.

Results: Nine patients (5 females; age 83 years (range 63–88);
initial HbA1c 62 mmol/mol (38–76); initial basal insulin dose
18 U (13–45)) were included and currently undergo the last study
month. So far, no severe hypoglycemic event or diabetes-related
hospitalization was observed.

Conclusion: The basal and basal-plus insulin algorithm shows
good performance. It can be assumed that home diabetes man-
agement in the elderly can safely be achieved by the decision
support system GlucoTab@MobileCare without requiring hos-
pitalization or frequent contact to general practitioners in home
nursing care.

Trial registration number: DRKS00015059 (German Clin-
ical Trials Register).
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WELLTHY CARE�, A DIGITAL THERAPEUTIC
IMPROVES PHYSICAL ACTIVITY AND LOGGING
PATIENT JOURNEY DATA IN PATIENTS WITH TYPE-
2 DIABETES IN INDIA

B. Saboo1, A. Krishnakumar2, A. Shah2, P. Bakhtani2,
A. Sosale3, S. Joshi4, S. Rajan2, M. Shaikh2, R. Chawla5

1Dia Care, Diabetes, Ahmedabad, India
2Wellthy Therapeutics, Clinical Research, Mumbai, India
3Diacon Hospital, Endocrinology, Bengaluru, India
4Diet and Diabetes Clinic, Diabetes, Mumbai, India
5North Delhi Diabetes Center, Diabetes, New Delhi, India

Aim: The amount of physical activity among patients in India
is very poor. We evaluate the effectiveness of the Wellthy Care�
(WC) app in changing health behaviour to improve physical
activity by coaching and nudging them with the help of an arti-
ficial intelligence (AI) powered chatbot.

Methods: We used de-identified data from 130 participants
enrolled in a 16-week lifestyle modification program delivered
through WC. The program was developed in lines with the
AADE7� guidelines and in collaboration with the RSSDI, and
included artificial intelligence powered real-time feedback and
coaching from a remote health coach (HC).

Results: The 130 participants included 84 males and 46 females
(average age = 51.73 years). We examined the correlation of the HC
chats and AI chats with the number of patient inputted logs (PIL) per
week and weekly physical active time (WAT), and found that they
had a strong positive correlation with PIL (HC: r = 0.74, AI: r = 0.85,
p < 0.001) and WAT ( HC: r = 0.66, AI: r = 0.77, p < 0.001).

The average WAT and PIL at the final week of the program was
significantly higher than in the first week of the program (WAT:
3.42 vs 133 minutes, p < 0.0001; PIL: 1 vs 16 logs, p < 0.0001).

Conclusion: The results confirm that an AI-powered digital
therapeutic like WC can be an effective prescriptive tool for
physicians to help their patients improve physical activity and to
gain insight into that patient’s lifestyle journey between two
appointments.
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IMPROVING INSULIN INJECTION TECHNIQUE AND
PATIENT SATISFACTION WITH INSULCLOCK�

F. Gomez-Peralta1, C. Abreu ABREU PADIN1, S. Gomez-
Rodriguez sara1, M. Cruz-Bravo1, A. Elvira1

1Hospital General de Segovia, Endocrinology and Nutrition
Unit, SEGOVIA, Spain

Background: Achieving and maintaining controlled gly-
cemic levels is challenging in people with insulin-treated DM,
being poor treatment adherence and suboptimal insulin injec-
tions the main obstacles to treatment success. Insulin manufac-
turers recommend maintaining the needle under the skin at least
6 seconds after the user primes the dose button. Insulclock�, an
electronic device to be plugged into the insulin pen, records the
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time of injection and makes an alert if the injection time is shorter
than 6 seconds.

Methods: we measured the time of injection with Insul-
clock�, one week before and two weeks after setting this alarm
function in 8 patients with type 1 diabetes. The Insulin Treatment
Satisfaction Questionnaire (ITSQ) questionnaire was used to
assess diabetic treatment-satisfaction.

Results: Performance tests revealed that Insulclock� time of
injection was long after the alarm function was used (5,37% vs
2.61% of injections shorter than 7 seconds, p < 0.05). (Figure 1)
The ITSQ showed a self-perceived benefit with the insulclock use.

Conclusions: Insulclock� insulin time duration function of-
fers possibilities for insulin-treated diabetes self-management
that would help healthcare providers and insulin users to avoid
frequent errors in insulin administration.
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APPLICATION OF USABILITY ENGINEERING TO
THE DEVELOPMENT OF A PERSONALISED
DECISION SUPPORT SYSTEM FOR TYPE 1 DIABETES
SELF-MANAGEMENT

C. Martin1, A. Aldea1, B. Alshaigy1, P. Avari2, D. Duce1,
M. Fernández-Balsells3, J.M. Fernández-Real3, R. Harrison1,
P. Herrero4, N. Jugnee2, C. Lui4, B. López5, J. Massana5,
Y. Leal3, A. Russell1, M. Reddy2, M. Waite6, M. Wos3, N. Oliver2

1Oxford Brookes University, Department of Engineering-
Computing & Mathematics, Oxford, United Kingdom
2Imperial College London, Department of Medicine- Diabetes-
Endocrinology and Metabolism, London, United Kingdom
3Institut d’Investigació Biomèdica de Girona, Dr. Josep Trueta,
Girona, Spain
4Imperial College London, Institute of Biomedical Engineering-
Dept. of Electrical and Electronic Engineering-, London,
United Kingdom
5University of Girona, Department of Electrical Engineering-
Electronics and Automation, Girona, Spain
6Oxford Brookes University, Department of Nursing, Oxford,
United Kingdom

Background and Aims: PEPPER (Patient Empowerment
through Predictive PERsonalised decision support) is an EU-funded
research project which aims to improve the self-management be-
haviour of adults with type 1 diabetes (T1D). Human factors and
ergonomics play a key role in the development of this system.

Method: The usability engineering process for PEPPER ad-
heres to the international standard IEC 62366-1:2015 - Application
of usability engineering to medical devices. The iterative meth-
odology includes multiple stages of formative evaluation and re-
development involving both patients and clinicians. The first stage
is an analytical study using heuristic evaluation and the keystroke-
level model. The second stage is a laboratory study with users to
measure performance with regard to the usability goals of sim-
plicity, effectiveness, efficiency, and satisfaction. Finally, a con-
textual diary study is undertaken to understand the day-to-day user
experience with PEPPER during a clinical feasibility study.

Results: The results of the analytical study produced a series of
redesign recommendations to improve usability prior to the user
study. Video analysis of the latter showed that users made few
errors and most tasks were completed, indicating high simplicity
and effectiveness respectively. The SUS questionnaire was used to
determine satisfaction, excellent scores for the handset (74.3%) and
good for the server (66.3%). The diary study is not yet completed.

Conclusion: The usability evaluation protocol used in PEP-
PER adheres to international standards. The iterative development
methodology has potential to improve patient acceptance and safety.

This project has received funding from the EU Horizon 2020
programme, grant agreement No. 689810
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A PILOT NON-INFERIORITY RANDOMIZED
CONTROLLED TRIAL TO ASSESS AUTOMATIC
ADJUSTMENTS OF INSULIN DOSES FOR PATIENTS
WITH TYPE 1 DIABETES ON MULTIPLE DAILY
INJECTIONS THERAPY

A. El Fathi1, E. Palisaitis2, J.E. Von Oettingen3,
P. Krishnamoorthy3, R.E. Kearney2, L. Legault3, A. Haidar2

1McGill University, Electrical and Computer Engineering,
Montreal, Canada
2McGill University, Biomedical Engineering,
Montreal, Canada
3McGill University, Pediatrics, Montreal, Canada

Multiple daily injections (MDI) therapy for type 1 diabetes (T1D)
involves basal insulin doses which keeps glucose levels constant
under fasting conditions, and bolus insulin doses given at mealtime
to cover meal-carbohydrates. Non-optimal basal and bolus injec-
tions contribute to the lack of satisfactory glycemic control in T1D
patients. We have conducted a pilot non-inferiority, randomized,
parallel study to compare the MDI treatment with daily physician-
adjusted (PA) injections against MDI treatment with daily learning
algorithm (LA)-adjusted injections in 21 children and adolescents
(age 12 [10.75–15.25] years, HbA1c 7.9% [6.98%–10.05%]) who
attended an 11-day diabetes camp. Participants wore a Freestyle
Libre glucose sensor and their basal-bolus injections were adjusted
every day by either a physician or our algorithm. The last seven days
were used for outcome calculations. The time spent in target glucose
sensor (3.9–10 mmol/L) was 39.80% (19.83%) in the LA group
(n = 10) compared to 37.74% (16.73%, P = 0.80) in the PA group
(n = 10). The time spent in hypoglycemia (< 3.9 mmol/L) was 3.52
(2.04%) in the LA group (n = 10) compared to 3.72 (4.45%, P = 0.90)
in the PA group (n = 10). This is the first study assessing personalized
day-to-day algorithmic adjustments in MDI patients. We conclude
that a learning algorithm has the potential to facilitate MDI treatment
therapy, and longer and larger studies are warranted.
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OPTIMAL GLYCEMIC CONTROL IS CORRELATED
TO BLOOD GLUCOSE LEVELS OF SYMPTOMATIC
HYPOGLYCEMIA IN PATIENTS WITH DIABETES
MELLITUS TYPE 1

T. Didangelos1, P. Giannoulaki2, E. Kotzakioulafi2, E. Karlafti1,
Z. Kontoninas1, K. Tziomalos1, A. Hatzitolios1

1Aristotle University of Thessaloniki- AHEPA University
General Hospital of Thessaloniki, Diabetes Center- First
Propeudetic Department of Internal Medicine,
Thessaloniki, Greece
2Aristotle University of Thessaloniki- AHEPA University
General Hospital of Thessaloniki, Diabetes Center- First
Propeudetic Department of Internal Medicine-, Department of
Nutrition and Dietetics, Thessaloniki, Greece

Purpose: To investigate the effect of the hypoglycemic profile
on the glycemic control of patients with DM1.

Patients-Methods: 84 patients with DM1 (63.1% at multiple
subcutaneous insulin injections, 21.4% at insulin pump therapy
and 15.5% at insulin pump therapy with continuous glucose
monitoring), 49 women/35 men with mean age = 43.4 – 14.5
years, BMI = 24.7 – 7.8 kg/m2, mean DM duration = 24.5 – 12
years and mean HbA1C = 7.55 – 1.35%. Anthropometric mea-
surements, medical and hypoglycemia history were recorded.

Results: 66.7% of the patients sensed all hypoglycemic events,
19.4% not all, 5.6% did not sense nocturnal hypoglycemia, and
8.3% experienced hypoglycemia unawareness. HbA1C was posi-
tively correlated with the blood glucose level of hypoglycemia
sensing (r = 0.241, p = 0.038). 89.2% had hypoglycemic symptoms
at blood glucose levels £70 mg/dl and 10.8% at glucose levels
>70mg/dl. Patients with blood glucose levels of hypoglycemia
awareness £70 mg/dl had significantly improved HbA1C compared
to patients with blood glucose levels of hypoglycemia awareness
>70 mg/dl (7.4 – 1.15 vs 8.96 – 2.2, p = 0.002). In addition, 19.4%
of the patients reported no hypoglycemic episodes, 33.3% 1–2
episodes/week, 22.2% 3–4 episodes/week, 13.9% reported at least
one hypoglycemic event daily and 2.8% reported more than 2
events daily. As far as concern the mode of recovery, 14.3% used
glucose tablets, 58.3% water with sugar or juice, and 27.4%
consumed sweets. No significant correlation was found between
HbA1C, frequency of hypoglycemic events and mode of recovery.

Conclusion: In patients with DM1, the blood glucose level of
symptomatic hypoglycemia correlates with glycemic control
regardless of the frequency of hypoglycemic events and the
mode of recovery.
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DIABETES NUTRITIONAL EDUCATION IMPROVES
GLYCEMIC CONTROL AND QUALITY OF LIFE IN
PATIENTS WITH DIABETES MELLITUS TYPE 1

T. Didangelos1, P. Giannoulaki2, E. Kotzakioulafi2, E. Karlafti1,
Z. Kontoninas1, K. Tziomalos1, A. Hatzitolios1

1Aristotle University of Thessaloniki- AHEPA University
General Hospital of Thessaloniki, Diabetes Center- First

Propeudetic Department of Internal Medicine,
Thessaloniki, Greece
2Aristotle University of Thessaloniki- AHEPA University
General Hospital of Thessaloniki, Diabetes Center- First
Propeudetic Department of Internal Medicine-, Department of
Nutrition and Dietetics, Thessaloniki, Greece

Purpose: To investigate the effectiveness of nutritional edu-
cation on glycemic control and quality of life in patients with
DM1.

Patients-Methods: 84 patients with DM1 (63.1% MDI,
21.4% CSII and 15.5%CSII with SAP), 49 females/35 males with
age = 43.4 – 14.5 years, BMI = 24.7 – 7.8 kg/m2, diabetes dura-
tion = 24.5 – 12 years and HbA1C = 7.55 – 1.35%. Anthropo-
metric measurements, demographic data, medical history were
recorded and questionnaires of adherence to Mediterranean Diet
(MDS), adherence to low fat diet (TLC) (MEDFICTS-short form
Score) and quality of life (DQOL-SF) were answered.

Results: 67.9 % had medium and 32,1% high adherence to
Mediterranean diet whilst 3,6% had high, 24,1% medium and
72,3% low adherence to TLC diet. No significant correlation was
found between body weight, BMI, Mediterranean diet score
(MDS), MEDFICTS score and HbA1C. There was a significant
negative correlation of MDS with HbA1C (r = -0.213, p = 0.05) and
patients with hypoglycemia awareness £70 mg/dl had higher MDS
compared with patients with hypoglycemia awareness >70 mg/dl
(32.7 – 4.6 vs 29.1 – 5, p = 0.039). Furthermore, patients that
completed university had significantly higher MDS (+3 units)
compared to those that completed education until high school
(p = 0.013). MEDFICTS score was not correlated with HbA1C, but
had a positive correlation with dyslipidemia (r = 0.269, p = 0.008).
Finally, patients that were counting carbohydrates were more sat-
isfied compared to those who did not count and used standardized
insulin units as meal bolus (p = 0.014).

Conclusion: The quality of diet (high adherence to Mediter-
ranean diet) improves significantly glycemic control of patients
with DM1, independently of body weight and diabetes nutri-
tional education empowers their diabetes self-management, im-
proving their quality of life.
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IDENTIFICATION AND QUANTIFICATION OF
UNMODELLED PHYSIOLOGICAL AND BEHAVIORAL
DISTURBANCES IN TYPE 1 DIABETES

J. Corbett1, M. Breton1

1University of Virginia, The Center for Diabetes Technology,
Charlottesville, USA

Background: Many factors can affect blood glucose levels in
type 1 diabetes (T1D), stress, exercise, treatment behaviors, and
circadian rhythm to name a few, and most are ignored in practical
insulin-glucose mathematical models. Using these models and
regularized deconvolution allows to explain glycemic variations
not associated with reported insulin doses or meals by generating
additional inputs, or ‘‘net effects’’. Identifying patterns in such
inputs may lead to more informed and potentially anticipatory
insulin dosing strategies.

Methods: Using 1 month of continuous glucose monitoring,
enhanced with meals and insulin injections records, we
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reconstructed daily net effect signals for 14 T1D adult partici-
pants to NCT 03394352, using an insulin pump. 24h glucose
uptake patterns (net effects) for each individual subject were then
grouped using k-means clustering, cohesion and separation was
assessed using silhouette coefficients (-1: no separation, 1:
perfect separation, [Berkhin P. 2006])

Results: For all subjects, the analysis resolved in clearly iden-
tifiable clusters, silhouette coefficients: 0.63 – 0.07. An example of
such clustering is presented below. Each cluster is characterized by
an average trace. Cluster membership frequency provides an esti-
mate of the probability of the observed disturbance.

Conclusions: We demonstrated the feasibility of net effect
pattern recognition in subjects with T1D, proposing a method-
ology capable of quantifying glycemic disturbances, their time-
line, and frequency. Such method may enable care providers to
detect physiological and behavioral trends, generate treatment
strategies, and finally, if implemented within an appropriate
closed loop scheme, enable safe and efficient anticipation of
recurring disturbance patterns, e.g. meals and exercise.
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FIRST ASSESSMENT OF THE PERFORMANCE OF A
PERSONALIZED MACHINE LEARNING APPROACH
TO PREDICTING BLOOD GLUCOSE LEVELS IN
PATIENTS WITH TYPE 1 DIABETES: THE CDDIAB
STUDY

S. Bidet1, N. Caleca1, E. Renard2, T. Camalon1,
L. de la Brosse1, M. Rehn1, O. Diouri2, J. Place2

1HEALSY, Department of data science, Palaiseau, France
2Montpellier University Hospital, Department of
Endocrinology- Diabetes- Nutrition- and Institute of Functional
Genomics- INSERM- CNRS- University of Montpellier,
Montpellier, France

Background: Patients with type 1 diabetes (T1D) make their
decisions for insulin delivery from available past and present
blood glucose (BG) data and the expected effects on BG of

forthcoming meals and activities according to education rules and
their own experience. Enriched information on predicted BG
glucose evolution could help them in better tuning insulin ther-
apy. CDDIAB study’s objective was to evaluate a new machine
learning approach to predicting BG levels of each individual from
a collection of personal BG measurements with contextual data.

Methods: Fourteen patients with T1D (8F/6M, age: 51+/-15,
T1D duration: 26+/-17 years, HbA1c: 7.09+/-0.82%), treated by
insulin pump (n = 11) or multiple daily insulin injections (n = 3)
volunteered to track BG using FreeStyle Libre (n = 12), Enlite
(n = 1) or Dexcom G4 (n = 1) CGM devices and log manually
meal intakes and insulin doses for 30 days. Collected data were
used to design patient-specific prediction models with 30- to 90-
min horizons. The algorithms were initially fitted on a training
dataset corresponding to an average of 9 days, using a 5-fold
cross-validation method. The remaining days of available data
were used to provide an unbiased evaluation of final models.

Results: The consensus Error Grid Analysis was used to
evaluate accuracy of BG predictions for 30- to 90-min horizons:

Conclusion: Prediction algorithms showed promising results
since 99.9, 98.6 and 96.3% of computed BG values were in EGA
A + B zones at 30-, 60- and 90-min horizons, respectively. The
integration into the training process of collected data by an ac-
tivity tracker could further improve accuracy in future develop-
ments of the algorithm.
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A K-NEAREST-NEIGHBORS APPROACH TO THE
DESIGN OF AN MDI DECISION SUPPORT SYSTEM IN
TYPE 1 DIABETES

N. Tyler1, R. Dodier1, C. Mosquera-Lopez1, L. Wilson2,
N. Resalat S.1, J. El Youssef2, J. Castle2, P. Jacobs1

1Oregon Health and Science University, Biomedical
Engineering Department, Portland, USA
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2Oregon Health and Science University, Department
of Medicine- Harold Schnitzer Diabetes Health Center,
Portland, USA

Background: We leveraged a machine learning algorithm, K-
nearest-neighbors (KNN), to develop a decision support system
(DSS) for people with type 1 diabetes (T1D) using multiple daily
injections (MDI). Our recommendation engine utilizes CGM and
insulin pen data to identify problems with glycemic control and
provide dosing recommendations.

Methods: CGM, meal and insulin data are summarized into a
feature vector describing problems with glucose control. A KNN is
used to map these features to the best recommendation that reduces
hypoglycemia (<70 mg/dL) and improves time-in-range (70–
180 mg/dL). The KNN is curated from CGM data collected from
10 virtual patients exhibiting varying weight, TDIR, and circadian
insulin sensitivities. The accuracy of feature-to-recommendation
mapping was optimized using Greedy-Variable-Selection.

Results: Weekly recommendations from the KNN-DSS were
validated during a 2-month in-silico trial of 10 new virtual pa-
tients exhibiting diverse meal scenarios and imposed insulin
dosing errors. The KNN engine improved time-in-range from
47.7% at baseline, to 58.7% after two months of use of the engine
(22.9% increase, p < 0.001). Hypoglycemia was reduced from
1.21% at baseline, to 0.93% after two months of use (23.42%
decrease, p < 0.05). We further compared the KNN-DSS rec-
ommendations to physician recommendations on data collected
from 10 subjects with T1D during a 4-week free-living study.
The KNN-DSS engine recommendations were consistent with
those of endocrinologists, and differed significantly 1% of the
time.

Conclusion: The KNN-based recommendation engine iden-
tifies problems in glycemic control and provides insulin dose
recommendations that improve time-in-range, reduce hypogly-
cemia, and are consistent with physician recommendations.
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META-ANALYSIS OF THE EFFECTIVENESS
OF THE DIGITAL INSULIN TITRATION APPS
AND PLATFORMS

B. Eichorst1, M. Austin2, D. Rice3, L. Fuqua4, J. Lebowitz5,
L. Parks6, D.A. Greenwood7

1Voluntis, Medical Affairs, Chicago, USA
2Austin Group, Diabetes Education, Detroit, USA
3Sanofi, Integrated Care, Bridgewater, USA
4Monarch, Clinical, Charlotte, USA
5Cedars-Sinai Medical Center, Division of Graduate Studies.
Delivery Science, Los Angeles, USA
6Director, Clinical Development & Research, Glooko,
Mountain View, USA
7President, Deborah Greenwood Consulting, Sacramento, USA

Insulin intensification/titration is part of the standards of
medical care in the treatment of diabetes. Despite acknowl-
edgement that basal insulin requires titration, most people with
type 2 diabetes (T2DM) are unsuccessful in achieving glycemic
targets. Factors, including treatment inertia, are evident as the
initial insulin dose often increases only slightly from date of
initiation to six months. Consequently, there is a need for in-
creasing healthcare providers’ awareness about insulin treatment
inertia, as well as more effective, patient-centered titration
strategies. The pharmacologic approaches to glycemic treatment
call on patients to employ a self-titration insulin algorithm, as it
has been shown to improve glycemic control in those with
T2DM. A recent national survey indicated that over 80 percent of
diabetes educators have influence over the use of technology,
including apps & devices. Moreover, the same practitioners play
a critical role in insulin initiation and influence insulin titration.
There are many insulin titration options that include digital
therapeutics. The purpose of this meta-analysis is to examine the
effectiveness and design of FDA-cleared insulin titration apps.
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PREDICTING THE EARLY RISK OF CHRONIC
KIDNEY DISEASE IN PEOPLE WITH DIABETES
USING REAL WORLD DATA

W. Petrich1, S. Ravizza2, T. Huschto3, A. Adamov4, L. Böhm2,
A. Büsser4, F. Floether2, R. Hinzmann5, S. McAhren6,
H. König3, D. Robertson7, T. Schleyer8, B. Schneidinger9

1Roche Diabetes Care GmbH, dcRED, Mannheim, Germany
2IBM Switzerland Ltd, Zurich, Zurich, Switzerland
3Roche Diabetes Care GmbH, Development,
Mannheim, Germany
4IBM Switzerland Ltd., Zurich, Zurich, Switzerland
5Roche Diabetes Care GmbH, Global MSA,
Mannheim, Germany
6Eli Lilly and Company, Lilly Corporate Center,
Indianapolis, USA

A-76 ATTD 2019 E-POSTER VIEWING ABSTRACTS

D
ow

nl
oa

de
d 

by
 4

2.
10

7.
20

2.
11

2 
fr

om
 w

w
w

.li
eb

er
tp

ub
.c

om
 a

t 1
2/

18
/1

9.
 F

or
 p

er
so

na
l u

se
 o

nl
y.

 



7Indiana Biosciences Research Institute, Applied Data Science
Core, Indianapolis, USA
8Regenstreif Insitute Inc., Indiana University School of
Medicine, Indianapolis, USA
9Roche Diabetes Care GmbH, Mannheim, Mannheim, Germany

The volume of real-world medical data from clinics and
medical doctors’ offices greatly exceeds the information avail-
able in clinical trials. However, the increase in data volume
comes at the expense of completeness, uniformity, and control
when using such real-world data. We have explored Real World
Data originating from more than half a million people with di-
abetes. A predictive algorithm was developed with the goal to
identify those people with diabetes, who are at high risk for
developing chronic kidney disease in the near future. In a direct
comparison between the real world data-based predictive algo-
rithm and similar, prior algorithms derived from clinical trial
data, the Roche/IBM algorithm outperforms all tested methods in
a one-to-one comparison as well as study cohorts selected a
posteriori. Furthermore, the Roche/IBM algorithm was applied
to independent real world data originating from almost 100.000
further people with diabetes and the prior findings were con-
firmed. The Roche/IBM algorithm also proved to be more tol-
erant to missing data. These results may fuel the fundamental
debate on the future of medical evidence in that costly, long-
lasting clinical trials on a limited number of patients may one day
be augmented by Real World Data-driven risk assessments.
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A MACHINE-LEARNING APPROACH TO EARLY
RECOGNITION OF SEVERE HYPOGLYCEMIA:
THE SHAPE OF GLUCOSE VARIABILITY

A. Galderisi1, K. Kraemer1, L. Zammataro1, L. Nally1,
E. Tichey1, K. Sikes1, S. Siebel1, W. Tamborlane1, G. Steil2,
J. Sherr1

1Yale University, Department of Pediatrics, New Haven, USA
2Harvard University, Boston Children’s Hospital, Boston, USA

Background: Adults with Type 1 Diabetes (T1D) who have
previously experienced severe hypoglycemia (SH) have shown
greater glycemic variability (GV) than matched T1D controls
from the T1D-Exchange cohort. A real-time method to predict
increased risk of SH and alert patients has not yet been devel-
oped. We assessed whether a new-approach to quantify GV
based on a machine-learning-artificial-intelligence-algorithm
could identify daily risk of SH based on 24-hours CGM-data.

Methods: CGM-profiles from children with T1D who had an
episode of SH were analyzed during two 24-hour periods: 24-hrs
prior to the SH(Event-CGM) and 72-hrs prior to the
event(Control-CGM). Data were analyzed using a linear-
support-vector-machine(SVM) algorithm which provided a fit-
ting score (Yale-Padova-Harvard score,YPH;Figure) for both
24-hour-windows. Coefficient of variation (CV) and standard
deviation(SD) were estimated from the same 24-hour windows.

Results: CGM profiles on fourparticipants (11.7 – 4.6y; 1F;
T1D duration 3.4 – 1.9y; BMI 18.0 – 2.7) were assessed. YPH-
score was lower during the 24-hrs preceding the SH event as
compared to 72-h preceding the SH event (0.65 – 0.04 vs

0.88 – 0.05, p = 0.003) while no differences were observed in the
CV(p = 0.873) or SD(p = 0.651), in both the periods.

Conclusion: Current indices of GV fail to provide a day-by-day
risk for SH. Although additional studies are needed to confirm our
findings, it appears that a YPH score £0.70 based on 24-hrs-CGM
plots indicates a high risk of SH event on the following day. The
ability to predict elevated risk of SH in real-time can potentially
alert patients to take extra precautions managing their glucose
levels during intervals where the risk of SH event is elevated.
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A HYBRID CLOSED-LOOP (HCL) SYSTEM THAT
ADDRESSES PERSISTENT SENSOR OVER/UNDER-
READING CHALLENGES

A. Roy1, B. Grosman1, N. Parikh1, D. Wu1, L. Lintereur1,
N. Kurtz2, A. Campbell3, T. Troub4, M. Lee5, V. Obeyesekere5,
H. Jone5, D. O’Neal5, F. Kaufman4

1Medtronic Diabetes, Systems - R&D, Northridge, USA
2Medtronic Diabetes, Diabetes - R & T, Northridge, USA
3Medtronic Diabetes, Software Dev. - R&D, Northridge, USA
4Medtronic Diabetes, Clinical & Regulatory Affairs,
Northridge, USA
5St Vincent’s Hospital, Dept. of Endocrinology and Diabetes,
Melbourne, Australia
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Background: A prototype enhanced hybrid closed loop (e-
HCL) system was designed to, not only, automatically adjust
basal insulin delivery based on sensor glucose (SG) values, but
automatically deliver correction boluses to minimize hypergly-
cemia. This system was evaluated by introducing intentional
sensor over/under-reading challenges during a supervised over-
night hotel period.

Methods: Twelve subjects (aged 48 [39–57] years) with T1D
were recruited. Half underwent a sensor over-reading challenge,
while the remainder underwent a sensor under-reading chal-
lenge. The morning of trial start, a new sensor was inserted that
was calibrated multiple times with either a positive or negative
bias of up to 35%, until dinner. The HCL control was initiated at
*10:00 PM and i-STAT reference measurements were collected
at regular intervals until *8:00 AM, next day.

Results: The reference blood glucose (BG) values are shown
for each challenge during a persistent over-reading sensor and
under-reading sensor bias, for the entire trial. Even with an ex-
treme over-reading bias, no BG value <50 mg/dL (<2.8 mmol/L)
occurred. For the under-reading bias scenario, no BG value
>180 mg/dL (>10 mmol/L) occurred after 3:00 AM. The only
instances of BG values >250 mg/dL (>13.9 mmol/L) were during
three hours post-dinner for two subjects.

Conclusion: These early findings support the robustness of a
prototype e-HCL system to lessen hyperglycemic and/or hypo-
glycemic exposure during extreme sensor inaccuracy scenarios.
This is important as sensor-responsive closed-loop systems are
key to improved glycemia from day to day, and throughout the
day and night.
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ATTD19-0102

RESULTS OF USING HYBRID CLOSED LOOP SYSTEM
ON TYPE 1 DIABETES-THE GREEK EXPERIENCE

Z. Mouslech1, M. Somali1, K. Papa1

1Euromedica General Clinic of Thessaloniki, Endocrinology
Metabolism and Diabetes, Thessaloniki, Greece

Objective:to investigate the differences on glycated hemo-
globin (HbA1c) and hypoglycemic episodes among patients with
Type 1 Diabetes (T1D), before and after the inception of hybrid
closed loop (HCL) system.

Methods: The sample consisted of 11 participants (4 male and
7 female) with T1D, who initiated the HCL system composed by
Dana R insulin pump, Dexcom G5 continuous glucose moni-
toring (CGM), two smartphone applications, xDrip and Open-
APS for android, combined with Nightscout (a web based, real-
time, data management system). The mean HbA1c of the sample
was 7,9mg/dl. The data were recorded before and 3 months after
closing the loop.

Table 1:Sample description

Results : Baseline average HbA1c of the sample was 7.9mg/dl
which downgraded to 6.9mg/dl 3 months after closing the loop.
A reduction on hypoglycemic episodes was also recorded. The
mean hypoglycemic episodes of the sample was 5.4(n) before
HCL which was reduced to 1.5(n) the first week and to 0.8(n) 3
months after using the HCL system (table 2).

Table 2: Results

Conclusions: Although this is only a small sample, the first
results seem to be very hopeful for optimizing the management
of TD1 by reducing the hypoglycemic episodes and the HbA1c
levels. More studies are needed using bigger samples in order to
have more clear results on the outcomes of using HCL.
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COST EFFECITVENESS ANALYSIS OF MINIMED 670G
SYSTEM VERSUS CONTINUOUS SUBCUTANEOUS
INSULIN INFUSION, IN INDIVIDUALS WITH TYPE 1
DIABETES

J. Jendle1, S. de Portu2, S. Roze3

1Campus USÖ, Faculty of Medical Sciences, Örebro, Sweden
2Medtronic International Trading Sarl, Market Access and
Government Affairs, Tolochenaz, Switzerland
3Heva Heor Sarl, Health Economics, Lyon, France

Objective: To assess the cost-effectiveness of the Mini-
MedTM670G system (HCL) versus Continuous Subcutaneous
Insulin Infusion alone (CSII) in people with type 1 diabetes
(T1D) in Sweden.

Methods: The IQVIA CORE Diabetes model was used to
perform cost-effectiveness analyses over patient lifetimes, from
a societal perspective. Clinical data were sourced from pivotal
clinical study comparing HCL with CSII in patients with T1D.
The use of the HCL system was associated with a reduction in
HbA1c of 0.5% (5.5 mmol/mol), from 7.4% (57 mmol/mol) at
baseline to 6.9% (52 mmol/mol) at the end of the study phase.
Cost data, expressed in 2018 Swedish krona (SEK), were
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obtained from published literature. Clinical and cost outcomes
were discounted at 3% annually

Results: HCL was associated with a quality-adjusted life-year
(QALY) gain of 1.90 but higher overall costs versus CSII,
leading to an incremental cost-effectiveness ratio (ICER) of SEK
164,236 per QALY gained. Use of HCL resulted in a lower
cumulative incidence of diabetes-related complications. Higher
HCL acquisition costs were partially offset by reduced compli-
cation costs and productivity losses. In patients poorly controlled
at baseline, HCL was associated with 2.25 incremental QALYs
versus CSII, yielding an ICER of SEK 15,830 per QALY gained.
Extensive sensitivity analysis on key drivers confirmed the ro-
bustness of results.

Conclusion: HCL was associated with clinical benefits and
quality of life improvements in patients with T1D relative to
CSII. At a willingness-to-pay threshold of SEK 300,000 per
QALY gained, HCL likely represent a cost-effective treatment
option for patients with T1D in Sweden.
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ATTD19-0107

THE IMPORTANCE OF MEAL MACRONUTRIENT
CONTENT IN ARTIFICIAL PANCREAS USE WITH
UNANNOUNCED (NO MEAL BOLUS) HIGH
CARBOHYDRATE MEALS

J. Pinsker1, J. Feinberg1, J.B. Lee1,2,3, A. Michelson1,
F.J. Doyle III1,2, E. Dassau1,2

1Sansum Diabetes Research Institute, Clinical Research, Santa
Barbara, USA
2Harvard University, Harvard John A. Paulson School of
Engineering and Applied Sciences, Cambridge, USA
3Department of Chemical Engineering, University of California
Santa Barbara, Santa Barbara, USA

The effect of different macronutrients on the meal response in
artificial pancreas (AP) systems is still unknown. Of special in-
terest is the ability of future AP systems to minimize hypergly-
cemia when a meal bolus is not delivered. We previously
reported results in an AP trial with an unannounced (no meal
bolus) 65g carbohydrate lunch, with meals varying across sub-
jects. We have subsequently analyzed the glycemic response to
these meals by the meal fat and protein content, based on US
dietary guidelines.

30 adult subjects with type 1 diabetes (T1D) completed the
65g carbohydrate meal twice, with no insulin bolus, each time
under closed-loop control. Time in target glucose range 70-
180 mg/dL for the 5-hour postprandial period for low and me-

dium fat meals trended higher compared to the high fat meals
(36.4 and 43.2 vs. 22.0%, respectively). Mean glucose and time
>180 mg/dL also trended higher for high fat meals (Table 1).
Higher amounts of protein did not significantly affect glycemic
outcomes. There were no significant differences in insulin de-
livery between high vs. low/medium fat meals (Table 2).

These findings show that AP systems used without meal bo-
luses are still challenged with high fat, high carbohydrate meals.
To improve performance, AP systems may need to be informed
of high fat meals, or use automated meal detection to give bi-
phasic or multiphasic meal boluses. Our data suggest even with
new AP systems coming to market there remains an important
role in optimizing nutrition choices and meal bolus strategies in
people with T1D.
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ATTD19-0109

THE PREVALENCE AND PATTERN OF
PRESENTATION OF DIABETES MELLITUS IN
PATIENTS ATTENDING IMSUT HOSPITAL ORLU AND
IMSS HOSPITAL UMUAGUMA BETWEEN JANUARY
2018 TO SEPTEMBER 2018

M. Olewuike1

1Imo State University, Medical Laboratory Science,
Umuahia, Nigeria

Diabetes mellitus is a clinical syndrome characterized by
hyperglycemia, polyuria, polydypsia and weight loss. It is a
condition, insulin is not adequately secreted or the target cells do
not respond to the available insulin in the body or a combination
of these factors. The general objective of this study is to deter-
mine the prevalence and pattern of presentation of diabetes
mellitus among patients attending IMSUT Hospital orlu and
IMSS Hospital Umuguma and the specific objective is to access
the socio demographic determinants of diabetes mellitus,to ac-
cess the prevalence and common symptoms at presentation and
to determine the no of patients with diabetic complications at
presentation. A total of 2,028 patients had diabetes and 676 were
selected using systematic random sampling with an interview of
3.The six hundred and seventy six diabetic patients were selected
for the study.The result shows a total of 18,912 patients attended
the designated hospitals wishing the period under review. 2,028
were diabetic giving a prevalence of 107.2 per 1000 patients
(107%). Out of the 676 diabetic patients studied, 75% had onset
of the disease at the age above 40 years (507)while the remaining
25% had onset of the disease at the age of 40 years (169). The
most affected age group was 51- 60 years with the percentage of
0.6% The most common presenting symptom is polyuria (100%).
This was followed by polydypsia (96.6%) with the least
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presenting symptom being prunitus vulva discharge seen in preg-
nant women (2.7%), the symptoms at presentation include polyuria,
polydysia, weight loss, fever, cough, catarrh blurring vision.
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ATTD19-0112

MODIFIED BERGMAN MINIMAL MODEL FOR
GLUCOSE-INSULIN DYNAMICS AND ESTIMATION
OF MODEL PARAMETERS FOR INDIAN
POPULATION

S. Biradar1, A. Balan1, R. Padhi2, M. Dharamalingam3

1Indian Institute of Science, Aerospace engineering,
Bangalore, India
2Indian Institute of Science, Bangalore, Bangalore, India
3M.S. Ramaiah Medical College, Department of Endocrinology,
Bengalore, India

Objective: We present a slightly modified insulin dynamics in
the Bergmann minimal model (BMM) to accurately calculate the
physiological parameters. Using this model, we also investigate
the differences in Indian and Caucasian population in terms of
the model parameters i.e. a) Insulin sensitivity b) Glucose ef-
fectiveness c) Insulin degradation and clearance rate.

Data Collection: A total of 16 healthy Indian subjects (age:
23 – 2yrs; BMI: 22.62 – 1.66kg/m2; HbA1c: 5.1 – 0.53%) were
tested for glucose tolerance using OGTT. At time, 75 gm glucose
solution was ingested and the blood samples were collected at -
15,0,5,10,20,30,40,50,60,75,90,120,150, and 180 minutes. The
samples were analysed in three different labs.

Methods: Various de-noising techniques such as Savitzky
Golay, Hampel and gradient thresholding methods were used to
filter intravenous glucose and insulin measurements. The filtered
data was used in nonlinear least squares and maximum likelihood
estimation algorithms to estimate the physiological parameters
of modified BMM.

Results: The mean percentage fit error using modified BMM
is 11.4% as compared to mean percentage fit error of 31.3% using
original BMM. Comparative analysis on the two population, it is
found that, in comparison with the Caucasian population, the
mean insulin sensitivity of Indian population is lower by 11.38%,
and the mean glucose effectiveness, insulin degradation rate and
insulin clearance rate in the Indian population are higher by
44.89%, 24.57% and 37.78% respectively.

Conclusion: Our study presents a modified BMM which is
superior as compared to original BMM. Comparative analysis
suggests that physiological parameters of the Indian population
are different from the Caucasian population.
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A DEEP NEURAL NETWORK PLATFORM
FOR PREDICTING BLOOD GLUCOSE LEVELS

K. Li1, J. Chen1, P. Herrero1, C. Uduku2, P. Georgiou1

1Imperial College London, Department of Electrical and
Electronic Engineering, London, United Kingdom
2Imperial College London, Department of Medicine, London,
United Kingdom

Background and Aims: Deep neural networks have been
proven to be a powerful tool in processing healthcare data to
achieve state-of-art performance in diagnosis, classification and
prediction. However, the complexity of these artificial intelligence
(AI) tools limits its wide application in hospitals for clinicians and
other healthcare professionals. This work aims to bridge that gap
and uses glucose data prediction as a practical example.

Methods: We designed a graphical user interface (GUI) based
on PyQt5 Python toolkit that enables people to generate and train
the deep neural network conveniently, and implemented the
model on smartphones showing the prediction curves. Users can
tune the hyperparameters of the model more efficiently with less
effort required to understand the codes. Specifically, healthcare
professionals can master the software in short time and use
machine learning techniques as an expert system. By using this
framework, a dilated Recurrent Neural Network model to predict
the future glucose levels in the next 30 minutes is trained.

Results: We trained a 6-layer deep neuron network using the
proposed framework. It achieved an accuracy of 19.04 on the
OhioT1DM dataset in terms of RMSE, which is one of the best in
the literature. Furthermore, the trained model was implemented
on smartphones, which can explicitly show predicted future
blood glucose.

Conclusion: An easy-to-use deep neural network framework
with GUI was developed. It was used in training glucose pre-
diction models, and the model can be implemented on smart-
phones conveniently. It achieves a good prediction accuracy.
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A MODEL-BASED ALGORITHM DESIGN (MBAD)
PLATFORM: FROM VIRTUAL-PATIENTS TO
FEASIBILITY IN A SINGLE STEP

B. Grosman1, A. Roy1, D. Wu1, N. Parikh1, L. Lintereur1,
P. Weydt1, A. Dianaty1, M. Lee2, V. Obeyesekere2, H. Jone2,
D.N. O’Neal3, F.R. Kaufman4

1Medtronic, R&D- Diabetes Group, Northridge, USA
2St Vincent’s Hospital Melbourne, Endocrinology and
Diabetes-, Victoria, Australia
3University of Melbourne, Medicine, Melbourne, Australia
4Medtronic, Medical Affairs- Diabetes Group, Northridge, USA

Background: A model-based algorithm design (MBAD)
platform incorporating a virtual-patient simulator(Benyamin, Di
et al. 2018)1, facilitates the refinement of closed-loop (CL) al-
gorithms in-silico thereby accelerating advancement into the
clinical feasibility phase. The glycemic data obtained from an
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in-silico evaluation and subsequent clinical feasibility study of
an enhanced hybrid CL (e-HCL) study were compared.

Methods: Closed-loop algorithm gains were optimized using
machine-learning to determine a performance function score that
incorporates a tradeoff between percentage of time in target
glucose range (TIR) and time in hypoglycemia for a prototype e-
HCL system. The clinical evaluation occurred during a 1-week
supervised hotel phase followed by 3-weeks at-home with 12
T1D subjects (age 48 [39–57] years; HbA1c 6.8% [6.2-7.2).
Glycemia data from this feasibility study were compared to that
determined in 2087 virtual patients.

Results: (see Table) The in-silico evaluation was conducted
over 19 days and the study was conducted over five weeks. It had
a bias of about 0%, 2.6%, -2.6%, -11.4 mg/dL (0.6 mmol/L) for
% time in 70 to 180 mg/dL, % time <70 mg/dL (<3.9 mmol/L), %
time >180 mg/dL (>10 mmol/L), and average SG, respectively.
Challenges included the small study group, behavioral condi-
tions (e.g., meal bolus timing) and simulation of real-life system
performance (e.g., system adaptation over 4-weeks of continuous
operation).

Conclusion: Overall the MBAD platform reduced the time to
develop and test a new prototype HCL system in free-living con-
ditions. Lessons learned are being implemented on the next itera-
tion of the e-HCL system which will be tested in a clinical study.
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ATTD19-0148

A HYBRID CLOSED-LOOP (HCL) SYSTEM THAT
ADDRESSES UNANNOUNCED MEALS

A. Roy1, B. Grosman1, N. Parikh1, D. Wu1, L. Lintereur1,
N. Kurtz2, A. Campbell3, T. Troub4, M. Lee5, V. Obeyesekere5,
H. Jone5, D. O’Neal N5, F. Kaufman R4

1Medtronic Diabetes, Systems - R&D, Northridge, USA
2Medtronic Diabetes, Diabetes - R&T, Northridge, USA
3Medtronic Diabetes, Software Dev. - R&D, Northridge, USA
4Medtronic Diabetes, Clinical & Regulatory Affairs,
Northridge, USA
5St Vincent’s Hospital, Dept. of Endocrinology and Diabetes,
Melbourne, Australia

Background: Hyperglycemia in type 1 diabetes (T1D) can
occur due to stress, illness, dawn phenomenon, an insufficient
pre-meal insulin bolus amount, or an unannounced meal (no pre-
meal insulin bolus delivery). A prototype enhanced hybrid
closed-loop system was designed to automatically adjust basal
insulin delivery based on sensor glucose (SG) values and deliver
correction boluses to address hyperglycemia. This system was
assessed within a supervised setting to evaluate its effectiveness
in minimizing hyperglycemia due to unannounced meals.

Methods: Twelve subjects (aged 48 [39–57]years; HbA1c 6.8
[6.2–7.2]%) with T1D skilled in carbohydrate-counting underwent
a 1-week period of system use in a supervised hotel setting, fol-

lowed by a 3-week unsupervised at-home period of system use. On
the second day of the hotel period, subjects consumed an estimated
40-gram carbohydrate dinner without a premeal-bolus. Five hours
of postprandial data were analyzed and compared to data captured
after varied-carbohydrate meals consumed during the at-home
period, which were always accompanied by a premeal-bolus.

Results: Glycemic outcomes from the supervised and unsu-
pervised periods of system use are listed in the table. The un-
announced 40-gram meals resulted in postprandial SG values and
percentages of time across SG value ranges similar to those
observed for 80-gram meals accompanied by a premeal-bolus.

Conclusion: These data indicate that the prototype system
performed well during an unannounced meal challenge and
suggest that it can minimize hyperglycemia exposure due to a
medium-sized meal of 40 grams to the same extent as a large-
sized meal of 80 grams accompanied by a premeal-bolus.
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ATTD19-0151

MULTI-HOUR BLOOD GLUCOSE PREDICTION IN
T1D: A PATIENT-SPECIFIC APPROACH USING
SHALLOW NEURAL NETWORK MODELS

T. Kushner1, M. Breton2, S. Sankaranarayanan3

1University of Colorado Boulder, Computer Science and
BioFrontiers Institute, Boulder, USA
2University of Virginia, Center for Diabetes Technology,
Charlottesville, USA
3University of Colorado Boulder, Computer Science,
Boulder, USA

Background and Aims: Considering current insulin action
profiles and the nature of glycemic disturbances in type 1 dia-
betes (T1D) there is an acute need for longer-term, accurate,
blood glucose predictions to inform insulin dosing schedules,
automated or not. However, current methods only achieve ac-
ceptable accuracy about one-hour ahead while prandial excur-
sions and insulin action profiles last for 4 to 6 hours. In this work,
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we presents models leveraging shallow neural networks applied
to prediction horizons of 60–240min.

Methods: Individualized predictive models are constructed
using a neural-network based approach using CGM and insulin
pump data. Models are developed and tested on previously col-
lected data from a cohort of twenty-four subjects with T1D.
Aggregate data is leveraged in a transfer learning approach for
improved accuracy for patients where data is limited.

Results: Prediction accuracy as computed by root mean
square error was 24 – 5 mgdL, 28 – 6 mgdL, 34 – 6 mgdL, and
44 – 9mg/dL for 60, 90, 120, and 240 minutes respectively. For
all prediction horizons, at least 93% of predictions are clinically
acceptable by the Clarke error grid. Variance of historic CGM
values was a strong predictor for the need of transfer learning
approaches.

Conclusions: A shallow neural network, using features ex-
tracted from past CGM data and insulin logs and a novel,
physiologically-motivated network structure, is able to achieve
night time and day time multi-hour glucose predictions with high
accuracy. These models pave the way for new advisory and
closed loop algorithms able to encompass most of the insulin
action time-frame.
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ATTD19-0180

REDUCING HYPOGLYCEMIA IN TYPE 1 PATIENTS
WITH AUTOMATED INSULIN SUSPENSION IN A
REAL LIFE SETTING IN THE UK

P. Choudhary1, S. de Portu2, J. Lyon3, A. Arrieta4,
J. Castenada5, F. Campbell6

1King’s College London Faculty of Medicine, Diabetes,
London, United Kingdom
2Medtronic International Trading Sarl, Market Access and
Governmental Affairs, Tolochenaz, Switzerland
3Medtronic United Kingdom, Health Economics and
Commissioning, Watford, United Kingdom
4Medtronic The Netherlands, Software Engineer, Maastricht,
The Netherlands
5Medtronic The Netherlands, Statistics, Maastricht,
The Netherlands
6Leeds Children’s Hospital, National Children & Young
People’s Diabetes Network, Leeds, United Kingdom

Background: The real-world effectiveness of automated in-
sulin suspension features was evaluated from patients with type 1
diabetes (T1D) in the UK. Automated insulin suspension has

been shown to reduce the burden of hypoglycemia for patients
with T1D in clinical studies.

Materials and methods: We retrospectively analysed anon-
ymised data voluntarily uploaded to CareLink� software from
patients using: sensor augmented pump without insulin suspen-
sion feature enabled (SAP), SAP with Low Glucose Suspend
feature enabled (SAP+LGS) or SAP with predictive insulin
suspension feature enabled (SAP+SmartGuard�) from February
2016 to June 2018. Inclusion criteria were at least 15 days of
sensor data per patient with ‡70% wear time from the first day of
sensor wear within the 2-year observation period. Where patients
changed suspend features between SAP, LGS or SmartGuard�,
within patient comparisons were made for time in range and time
in hypoglycaemia.

Results: In the total study population (n = 920), patients used
the system for a mean of 219 day. Patients spent less time in
Sensor Glucose values £3 mmol/l and £3.9 mmol/l when using
SAP+SmartGuard� than when using SAP+LGS or SAP only.
During the study duration187 patients changed groups. Within
the same patient, there was a reduction not only in time but also
in events <3 mmol/l and <3.9 mmol/l when patients moved from
SAP to LGS and when moved from LGS to SmartGuard�
(Table1).

Conclusion: This analysis shows that sensor-augmented-
pumps with automated insulin suspension technology reduced
the frequency and duration of hypoglycaemic events compared
to sensor-augmented-pumps with no suspension.
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ATTD19-0209

EXPLORATORY ANALYSIS OF HYBRID CLOSED-
LOOP ALGORITHM ADAPTATION DURING
MINIMED� 670G SYSTEM USE BY CHILDREN,
ADOLESCENTS, AND ADULTS

J. Shin1, M. Liu2, X. Chen2, S. Huang Huang1, T. Cordero3,
S. Lee3, F. Kaufman4

1Medtronic, Clinical Research Biostatistics, Northrdige, USA
2Medtronic, Clinical Research Biostatistics, Northridge, USA
3Medtronic, Medical Affairs, Northridge, USA
4Medtronic, Clinical and Medical Affairs, Northridge, USA

Objective: The MiniMed� 670G system hybrid closed-loop
(HCL) algorithm adjusts multiple parameters on a daily basis
according to insulin utilization and sensor glucose (SG) data. In
this exploratory analysis, changes in the HCL-calculated amount
of insulin used for correction of SG values >150 mg/dL (ISF),
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maximum basal rate (Umax), basal-bolus percentage, and gly-
cemic control were assessed.

Method: Patients from the MiniMed� 670G system pivotal
trials aged 7–13 years (n = 105), 14–21 years (n = 30), and 22–75
years (n = 94) used the system in Manual Mode during a baseline
ttwo-week run-in phase followed by a three-month study phase in
which Auto Mode was enabled. Mean changes in algorithm pa-
rameters (i.e., ISF and Umax), percentage of basal insulin de-
livered per day, TIR (70–180 mg/dL, 3.9–10 mmol/L), and the
coefficient of variation (CV) between baseline run-in and study
phase were analyzed and evaluated by age group.

Result: The table shows that there were significant changes in
the ISF parameter (children and adolescents) and Umax param-
eter (all age groups). Basal insulin delivery was <50% in all age
groups and significantly decreased from baseline in adolescents
and adults. Children had the lowest baseline basal percentage
without a change. Both TIR and CV improved in all age groups.

Conclusion: Algorithm adaptation resulted in improved gly-
cemia in all age groups. The improved glucose control in chil-
dren and adolescents, despite a significant decrease in ISF
parameter, suggests that automating insulin delivery may allow
for correction of high glucose values in a more safe and effective
manner than can be achieved in open loop.
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ATTD19-0231

COMMITTED MOVING HORIZON ESTIMATION
FOR MEAL DETECTION AND ESTIMATION
IN TYPE 1 DIABETES

H. Chen1, N. Paoletti2, S.A. Smolka3, S. Lin1

1Stony Brook University, Electrical and Computer Engineering,
Stony Brook, USA
2Royal Holloway- University of London, Computer Science,
Egham, United Kingdom
3Stony Brook University, Computer Science, Stony Brook, USA

Background and Aims: Most artificial pancreas systems
rely on manual meal announcements to calculate the correct
post-meal insulin therapy. These announcements are a burden
to patients; they are also inherently dangerous, as wrong or late
meal announcements can compromise therapy. To rectify this
situation, we develop and evaluate a meal detection and esti-
mation (MDE) algorithm called Committed Moving Horizon
Estimation (C-MHE) to automatically detect meals and esti-
mate the carbohydrate (CHO) amount consumed based on
CGM readings.

Methods: We use a virtual patient based on Hovorka’s model
to generate CGM readings. At each time step, C-MHE invokes a
Moving Horizon Estimator (MHE) that uses a linearized physi-
ological model to estimate meal disturbances from a bounded
window of CGM measurements. In C-MHE, we aggregate MHE
estimations from multiple time steps to achieve a balance of
estimations with different future and past awareness ratios. We
design an online algorithm that, from the C-MHE estimations,
detects meals and estimate their CHO amount with guaranteed
time delay. We evaluate the performance using 10 random rep-
etitions of a 3-day experiment.

Results: C-MHE can detect both large meals and snacks. We
achieve an overall 95.38% daily detection rate. For the large
meals, which are the most important to accurately detect, we
obtain a 100% detection rate, with an average 14.9 minutes onset
deviation, and a 76.6% CHO amount estimation accuracy.

Conclusions: Our C-MHE algorithm performs well in simu-
lation. It thus has the potential to replace manual CHO an-
nouncements thereby enabling fully closed-loop T1D therapy.
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ATTD19-0238

ROBUST DATA-DRIVEN CONTROL OF ARTIFICIAL
PANCREAS SYSTEMS USING NEURAL NETWORKS

T. Kushner1, S. Dutta2, S. Sankaranarayanan3

1University of Colorado Boulder, Computer Science and
BioFrontiers Institute, Boulder, USA
2University of Colorado Boulder, Electrical Computer and
Energy Engineering, Boulder, USA
3University of Colorado Boulder, Computer Science,
Boulder, USA

Background and Aims: Machine learning approaches are
becoming increasingly prevalent in blood glucose (BG)
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prediction, however, these black box models lack the verifica-
tion guarantees necessary for use in safety critical systems such
as the artificial pancreas. In this work we present a novel ap-
proach to patient-specific BG prediction and real-time control
using quantile predictive neural networks which provide model
guarantees and bounds on risk for hypoglycemia and hyper-
glycemia.

Methods: Patient-specific neural network models are learned
from historic CGM and insulin pump data. These models predict
mean as well as upper and lower 95% quantile bounds for a
30min prediction horizon. A 6hr prediction horizon is obtained
by recursive unfolding of the networks, and a model predictive
control scheme which adjusts both basal and bolus insulin is
learned in real-time using the inferred models.

Results: The approach is evaluated on data obtained from a set
of 17 patients over a course of 40 nights, as well as on 6 virtual
patients through the UVA-Padova T1D simulator. Learned
control schemes maintain 69% time-in-range for real-patient
data, and 93% time-in-range for synthetic patients over 8hours.
Disturbances from large, unannounced meals and sensor errors
are handled.

Conclusion: We formulate a robust control scheme for cal-
culating safe and optimal insulin delivery to ensure harmful risks
of hypo and hyperglycemia are bound by quantile models while
the mean remains close to target. The approach is evaluated over
a variety of datasets, initial histories, patient models, and unan-
nounced meal sizes, showing promising results.
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ATTD19-0262

A MODEL-FREE APPROACH TO INSULIN PUMP
FAILURES DETECTION

L. Meneghetti1, M. Terzi1, G.A. Susto1, S. Del Favero1,
C. Cobelli1

1University of Padova, Department of Information Engineering,
Padova, Italy

Objective: Insulin pump faults (IPF) are a critical hazard in
contemporary diabetes technology for the safety of a diabetic
subject. The majority of strategies for automated detection of IPF
resort to the identification of a model of the patient’s physiology,
a task that has proven to be challenging. We propose a new
approach based on unsupervised machine learning algorithms for
anomaly detection (AD) that avoids the complex model identi-
fication task. Additionally, the method does not require data with
tagged examples of fault occurrence to recognize them.

Method: The validation is performed in silico, using the Pa-
dova/UVA T1D simulator. Using N = 100 virtual patients we
simulated 30 days of closed-loop therapy, with 1 IPF per patient.
We extracted features that account for the dynamics of T1D
physiology and is suited for detecting IPF. We tested three AD
algorithms, i.e. Isolation Forest (iF), Local Outlier Factor (LOF)
and Connectivity-Based Outlier Factor (COF) and compared
their performance with respect to traditional Multivariate Con-
trol Chart method (MCC).

Result: Sensitivity was 81% for iF and precision 92%, i.e.
only 7 false positives (FP) among all the subjects (0.002 FP per
day on average). LOF exhibited similar precision (94%), but
lower sensitivity (58%). MCC shows slightly worse performance
(sensitivity 60% and precision 82%). COF was outperformed
(50% sensitivity and 78% precision).

Conclusion: The performance obtained in the in silico vali-
dation shows encouraging results for further development of this
innovative method for IPF automated detection.
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AN ANDROIDAPS HYBRID CLOSED LOOP SYSTEM IN
A HOME SETTING IS SAFE AND LEADS TO BETTER
METABOLIC CONTROL

P. Jiráňová1, J. Soupal2, L. Plachy1, V. Neumann1, Z. Sumnik1,
M. Kozak1, S. Pruhova1, B. Obermannova1, L. Petruzelkova1

1Motol University Hospital and 2nd Faculty of Medicine-
Charles University in Prague- Czech Republic, Department of
Paediatrics, Prague, Czech Republic
21st Faculty of Medicine- Charles University- Prague- Czech
Republic, 3nd Department of Internal Medicine, Prague,
Czech Republic

Background: We face a massive expansion of unofficial
Open Source Hybrid Closed-Loop systems among patients.
Nevertheless, long term safety data on these systems are missing.

Objective: To assess the safety, effectiveness and technical
pitfalls of hybrid closed-loop AndroidAPS in home use.
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Methods: Twenty-two children (aged 3–14 years) with T1D
participated in this retrospective study. All participants used the
Open Source Hybrid Closed-Loop AndroidAPS (Smartphone
with AndroidAPS app, DANA DiabecareR pump and Dexcom
G5TMSensor) for at least 3 months. Parameters of glycemic
control for the first three months on AndroidAPS and the three
preceding months, which were on Sensor Augmented Therapy
(SAP), were compared. Participants also answered a question-
naire on the number of severe adverse events (DKA or severe
hypoglycaemia) and the frequency and types of technical pitfalls
during AndroidAPS treatment.

Results: The median time on AndroidAPS was 8.7 months
(range 3.1 to 17.8 months), representing 219 patient-months in
total. No episodes of severe hypoglycaemia or DKA were re-
ported. AndroidAPS use reduced HbA1c by 5 mmol/mol
(52 / 47 mmol/mol; p < 0.02) compared with previous SAP
therapy. This corresponded with a higher proportion of time in
range (3.9 to 10 mmol/l) (67.6 / 83.6%;p = 0.03) and target
(3.9 to 7.8 mmol/l) (59 / 69%; p = 0.03) and significantly
lower mean blood glucose (7.9 / 7.1 mmol/l; p = 0.03). All
these improvements were reported despite no change of time in
hypoglycemia (5.2 / 4.4%; p = 0.5). The optimization of basal
settings and necessity of upgrade of Android-smartphones were
the most common reasons for temporary interruption of An-
droidAPS.

Conclusion: AndroidAPS represents a safe way to improve
metabolic control in children with T1D.
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COORDINATING LOW-GLUCOSE INSULIN
SUSPENSION AND CARBOHYDRATE
RECOMMENDATIONS FOR HYPOGLYCAEMIA
MINIMISATION

C. Liu1, P.E. Avari2, N. Oliver2, P. Georgiou1,
P. Herrero Viñas1

1Imperial College London, Electrical and Electronic
Engineering, London, United Kingdom
2Imperial College London, Medicine, London, United Kingdom

Objective: Predictive low-glucose suspension systems
(PLGS) have been proven to be an effective way to reduce hy-
poglycaemia. Similarly, carbohydrate recommenders (CDR)
have shown to be a successful method to protect against hy-
poglycaemia. However, the simultaneous utilisations of these
two methods might lead to hyperglycaemia due to overlapping
actions. Hence, an effective way to combine these two methods is
desired. This work presents a novel strategy to coordinate the use
of PLGS and CDR with the aim of reducing the risk of hy-
poglycaemia without increasing hyperglycaemia.

Method: A validated model-based glucose forecasting algo-
rithm is employed to implement PLGS and CDR methods. The
CDR accounts for the suspension time of PLGS when re-
commending carbohydrate dose. The proposed algorithm was
tuned and evaluated using the UVa-Padova T1DM simulator and
compared against the PLGS, CDR algorithms, and the utilisation
of these two methods without coordination. Prediction horizon,
suspension thresholds, suspension time and resume time were
in silico optimised.

Result: In silico results on adult population (n = 10) over
one-month scenario showed significant (p < 0.01) reduction
in percentage time under target (<70 mg/dL) (coordinated
0.96 – 0.65% vs. PLGS 1.77 – 0.70% vs. CDR 2.70 – 1.39% vs.
uncoordinated 0.86 – 0.52%) without significant clinical in-
crease in percentage time above target (>180mg/dL) (coordinated
16.48 – 7.67% vs. PLGS 15.48 – 6.44% vs. CDR 13.14 – 7.88%
vs. uncoordinated 20.05 – 12.47%), and mean glucose levels
(coordinated 140.2 – 10.8 mg/dL vs. PLGS 137.6 – 8.8mg/dL vs.
CDR 134.0 – 11.8 mg/dL vs. uncoordinated 147.0 – 18.6mg/dL).

Conclusion: The proposed method for coordinating PLGS
and CDR algorithms provides a significant improvement in the
reduction of hypoglycaemia without a clinically significant in-
crease in hyperglycaemia.
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TIME IN TARGET GLUCOSE RANGE AND GLYCATED
HEMOGLOBIN LEVELS DURING THE MINIMED 670G
SYSTEM PIVOTAL TRIALS

J. Shin1, M. Liu2, X. Chen2, T. Cordero3, S. Lee3, F. Kaufman4

1Medtronic, Clinical Research Biostatistics, Northrdige, USA
2Medtronic, Clinical Research Biostatistics, Northridge, USA
3Medtronic, Medical Affairs, Northridge, USA
4Medtronic, Clinical and Medical Affairs, Northridge, USA

Background: Continuous glucose monitoring (CGM) pro-
vides sensor glucose (SG) data enabling calculation of time
below, above, and within target glucose range (TIR), in addi-
tion to several metrics of glucose variability, all of which are
used to make informed clinical decisions that optimize the
management of diabetes. Data from patients completing the
MiniMed� 670G system with SmartGuard� pivotal trials
were analyzed to assess glycemic control and correlation be-
tween TIR and HbA1c.

Methods: For this exploratory analysis, glycemic outcomes
data during the baseline two-week run-in and three-month study
phases from MiniMed� 670G system pivotal trial patients aged
<14 years (N = 105, mean – SD age of 10.8 – 1.8 years) and ‡14
years (N = 124, 37.8 – 16.5 years) were analyzed. The relation-
ship between HbA1c and TIR (70-180 mg/dL, 3.9-10.0 mmol/L)
and the TIR variability were evaluated.
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Results: Both TIR and HbA1c improved in both groups
(Table). Significant negative correlations were also observed:
<14 years, Baseline slope = -0.04, intercept = 10.25, r2 = 0.38 and
Study slope = -0.05, intercept = 10.94, r2 = 0.48; ‡14 years,
Baseline slope = -0.04, intercept = 10.10, r2 = 0.29 and Study
slope = -0.04, intercept = 9.89, r2 = 0.37. For the younger group,
a significant change in TIR coefficient of variation was observed
(p = 0.016).

Conclusions: MiniMed� 670G system use over 3 months
demonstrated a greater TIR for a lower HbA1c. Data also suggest
significantly reduced TIR variability among the younger pa-
tients, but a moderate reduction in those ‡14 years. Although TIR
tightly correlated with HbA1c, the combination of TIR and
HbA1c may better characterize overall glycemic control than
either metric alone.
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GLUCOSE CONTROL USING A STANDARD VS AN
ENHANCED HYBRID CLOSED LOOP SYSTEM: A
PILOT STUDY

B. Paldus1,2, M.H. Lee1,2, H.M. Jones1,2, S.A. McAuley1,2,
J.C. Horsburgh1,2, K.L. Roem1, G.M. Ward1,2, R. MacIsaac1,2,
N. Cohen3, P.G. Colman4, A. Jenkins1,2,5, D. O’Neal1,2

1University of Melbourne, Department of Medicine,
Melbourne, Australia
2St Vincent’s Hospital, Department of Endocrinology and
Diabetes, Melbourne, Australia
3Baker Heart and Diabetes Institute, Clinical Services,
Melbourne, Australia
4Royal Melbourne Hospital, Department of Diabetes and
Endocrinology, Melbourne, Australia
5University of Sydney, NHMRC Clinical Trials Centre,
Camperdown, Australia

Background: Hybrid closed loop (HCL) insulin delivery with
the Medtronic MiniMed 670G system is safe and effective in
improving glycemia for people with type 1 diabetes (T1D).

Aims: To compare glucose control, CL exits and alarm fre-
quency with standard HCL vs enhanced HCL (eHCL) systems.

Methods: Pump experienced adults with T1D (n = 11; 9
women; mean[SD] age: 51[15]Y; HbA1c 7.5[1.0]%) were as-
signed in random order HCL and eHCL for 1 week each in a
supervised live-in setting. eHCL incorporated enhanced bolus
reminders and iterative changes broadening glucose and insulin
delivery parameters permitting persistence in CL. For both HCL
and eHCL insulin delivery was by a Medtronic pump with
identical interventions (missed bolus, exercise, high GI and high
fat meals), insulin action times and insulin-carbohydrate ratios
implemented. The primary outcome was CGM time in target
range.

Results: eHCL resulted in fewer CL alerts and exits. Time in
target and mean glucose favored eHCL but did not reach sig-
nificance (Table). No episodes of severe hypoglycemia or ke-
toacidosis occurred.

Conclusions: Iterative changes to the Medtronic HCL system
resulted in trends towards improved glycemia, fewer CL exits
and alerts without compromising safety, despite multiple food

and exercise challenges during the study periods. Longer term
studies at home are required to confirm these findings.
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SYNERGY OF REINFORCEMENT LEARNING AND
CLASSICAL DATA ANALYSIS APPROACHES IN
ADAPTIVE, PERSONALISED INSULIN BASAL/BOLUS
OPTIMISATION

Q. Sun1, M.V. Jankovic1,2, S. Mougiakakou1,3

1University of Bern, ARTORG Center for Biomedical
Engineering Research, Bern, Switzerland
2Bern University Hospital ‘‘Inselspital’’, Department of the
Emergency Medicine, Bern, Switzerland
3Bern University Hospital ‘‘Inselspital’’, Department of
Endocrinology- Diabetes and Clinical Nutrition,
Bern, Switzerland

Background and Aims: The reinforcement learning (RL)
based adaptive basal-bolus algorithm (ABBA) provides a holistic
approach to personalised glucose control for diabetic patients
with either self-monitored blood glucose or a Continuous Glu-
cose Monitoring (CGM) device. Each day, ABBA outputs one
basal rate (BR) and three bolus doses. This study aims to enhance
the performance of CGM version of ABBA in the announcement
of disturbances during the day.

Method: The established version of ABBA outputs the BR
and bolus doses to be delivered on the following day. In an
attempt to make ABBA more responsive and efficient in com-
pensating errors in the disturbances within one day, an additional
module has been integrated. This module is triggered on the basis
of the latest glucose measurement and the glucose trend. The
proposed approach has been evaluated in silico with the FDA-
approved UVa/Padova T1DM Simulator v3.2 - with 33 virtual
subjects for 15 simulation days. Different variabilities and uni-
formly distributed uncertainties were considered. The results of
the ABBA with and without the insulin adjustment module were
compared.

Results: The preliminary results are promising: Table 1 shows
that the enhanced ABBA achieved better performance in terms of
percentage of time in all glycaemic ranges, while Fig. 1 and
Fig. 2 visualise the effect of the additional module in ABBA.
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Conclusion: The enhanced CGM version of ABBA not only
learns from the user’s daily patterns and habits, but is able
to react to new, not necessary repeated, disturbances. The
concept may be extended to other kind of disturbances, e.g.
exercise.
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SENSOR AUGMENTED PUMP WITH PREDICTED
LOW-GLUCOSE SUSPEND FUNCTION. SHORT AND
MEDIUM-TERM OUTCOMES IN YOUNG CHILDREN

A. Prado-Carro1, A.M. Sanchez-Garcia2, R. Garcia-Garcia3,
I. Riaño-Galan3

1Complejo Hospitalario Universitario A Coruña. Sergas,
Pediatric Endocrinology and Diabetes unit. Pediatric Area, A
Coruña, Spain
2Complejo Hospitalario Universitario A Coruña. Sergas,
Diabetes Education and Nutrition. Pediatric Area, A
Coruña, Spain
3Hospital Universitario Central de Asturias Oviedo, Unidad de
Endocrinologia y Diabetes Infantil AGC Pediatria.,
Oviedo, Spain

Introduction: Sensor augmented pump therapy with Smart-
Guard function (SAP-SmartGuard) has demonstrated a reduction
in the risk of hypoglycemia. Pediatric studies are mainly short-
term, do not reflect anthropometric impact.

Objective: To evaluate, in our pediatric population with di-
abetes mellitus type 1 (DM1), the effect of SAP-SmartGuard on
glycemic control, hypoglycemia and anthropometrics.

Material And Methods: Retrospective observational study of
patients with DM1 in treatment with SAP-SmartGuard. We an-
alyzed at the beginning and every 6 months: weight, height, BMI,
growth rate (GR), HbA1c, insulin dose and bolus number. We
collected CGM data from the first month and then every 6
months: mean glucose (MG), mean standard deviation of glucose
(SDMG), mean time in suspension on ‘‘low’’ and ‘‘before low’’.
Statistical analysis with the SPSSv19.0 program.

Results: 16 patients (62.5% males). At baseline: age: 5.8 (3.8)
years [mean (SD)], mean DM1 evolution: 2.2 (1.6) years. Pre-
vious treatment with ISCI: 37.5%.

We found a reduction of the MG (p = 0.03), of the SDMG, and
of the AUC >140 mg / dl (p = 0.043). Bolus number increased
(p = 0.02) and the % of the basal dose was reduced (p = 0.05)
without changes in the total insulin dose. Regarding anthropo-
metric parameters, the BMI decreased (p = 0.019) and the GR
increased (p = 0.012). (Table1)
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Conclusions: Among our patients, the SAP-SmartGuard allows
to reduce the BMI and improve the growth rate. Time in hypo-
glycemia is minimal since the beginning of SAP-SmartGuard, and
there is a progressive improvement in the measures of hypergly-
cemia and variability, without significant changes in HbA1c.
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EXERCISE USING HYBRID CLOSED LOOP THERAPY:
LESSONS FROM PEDIATRICS

S. Lange1, L. Messer H.1, C. Berget1, G. Forlenza1,
R. Slover H.1

1Barbara Davis Center, University of Colorado School of
Medicine, Aurora, USA

Exercise is difficult to manage in children and adolescents
with Type 1 Diabetes (T1D). Hybrid closed-loop (HCL) therapy
offers novel insulin delivery that is glucose responsive, and alters
how clinicians and patients with T1D should approach exercise.
We present two cases highlighting this challenge:

Case 1: N.W. is a 9-year-old female who exercises for two
hours with a running club in the afternoons. Prior to activity, she
consumes 15–30 grams of carbohydrate with no insulin bolus to
prevent hypoglycemia. This practice prevented hypoglycemia
when using traditional insulin pump therapy. When using HCL
therapy, this approach caused an initial increase in insulin de-
livery via autobasal delivery, which then led to hypoglycemia
during activity. N.W. now reduces or eliminates preemptive
carbohydrate consumption prior to exercise and uses a temporary
target to reduce autobasal delivery.

Case 2: O.H. is a 12-year-old male who participates in cross
country running 3 times/week for 2–3 hours. When using HCL,

O.H. experiences hypoglycemia in the first 1-2 hours of running
after consuming pre-exercise carbohydrates without a bolus,
presumably due to autobasal insulin delivery. O.H. now utilizes a
temporary target during exercise and reduces or eliminates car-
bohydrate consumption prior to exercise.

Discussion: When using HCL, new ways of mitigating hy-
poglycemia must be considered. Pre-exercise carbohydrate
consumption may result in subsequent low glucose levels due to
the autobasal delivery to contend with rising glucose levels.
Reducing pre-exercise carbohydrates may decrease low glucose
levels during activity, and temporary target usage should be
considered.

198

Closed-loop System and Algorithm

ATTD19-0458

MODELLING AND REGULATION OF THE EFFECTS
OF LONG-DURATION MEDIUM-INTENSITY
EXERCISE IN TYPE 1 DIABETIC PATIENTS

N. Rosales1, J. Vehı́2,3, H. De Battista1, F. Garelli1

1Instituto LEICI, Universidad Nacional de La Plata -
CONICET, La Plata, Argentina
2Institut d’Informàtica i Aplicacions, Universitat de Girona,
Girona, Spain
3Centro de Investigación Biomédica en Red de Diabetes y
Enfermedades Metabólicas Asociadas, Ciberdem,
Madrid, Spain

Background and Aims: Physical activity is an important
component in diabetes care. Although it presents many health
benefits, it also presents an important challenge in glycemic
control. The hormonal response to maintain homeostasis during
physical activity changes the patient’s glucose dynamics, thus,
affecting the performance of closed-loop controllers. One of the
most common interventions among patients during exercise is
basal insulin reduction or suspension in order to avoid possible
hypoglycemia during or after physical activity. When consider-
ing long periods of physical activity, the total suspension of in-
sulin can lead to hypoinsulinemia.

Method: Low levels of insulin in plasma does not allow the
muscle to use the glucose properly. A rebound after exercise,
leading to hyperglycemia, could be product of the hypoinsuli-
nemia and the endogenous production of glucose. Nowadays,
few mathematical models were proposed for specific conditions
that cannot cover the multiple glycemic responses during ex-
ercise in clinical trials. Here it is proposed to modify the Dal-
laMan model in order to deploy the effects in endogenous
glucose production, changes in insulin sensitivity and glucose
utilization.

Results: Simulations with the new added dynamics during
exercise showed a true potential in representing glucose excur-
sion profiles presented in clinical data. The analysis of the effect
caused by the endogenous glucose production and hypoinsuli-
nemia, i.e. the post-exercise glucose rebound, allows determin-
ing and setting a minimum insulin constraint for closed-loop
glucose controllers.

Conclusion: An exercise model representing the effects of
long-term exercise of medium intensity is proposed which may
be used to tune and improve glucose control algorithms.
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ATTD19-0032

MICROALBUMINURIA IN WOMEN WITH RISK
FACTORS FOR GESTATIONAL DIABETES MELLITUS
IN SOME SELECTED HOSPITALS IN SOKOTO STATE,
NIGERIA

I. Olewuike1

1Imo State University- Owerri- Nigeria, Medical Laboratory
Science, Owerri, Nigeria

Gestational diabetes mellitus (GDM) is a common metabolic
abnormality which affects approximately 2-5% of pregnancies
annually. Various risk factors such as previous infants with
macrosomia, a strong family history of non-insulin dependent
diabetes mellitus (NIDDM) or GDM, poor glycaemic control and
a high pre-pregnancy body mass index (BMI) have been impli-
cated for the development of GDM. This study was conducted to
determine the prevalence of Microalbumnuria in women with
risk factors for gestational diabetes mellitus and to estimate
the levels of Urinary Microalbumin in these women. In this
study, 50 pregnant women with risk factors for gestational dia-
betes mellitus and 50 controls (pregnant women without risk
factors for gestational diabetes mellitus) were evaluated for Mi-
croalbuminuria. Microalbuminuria was estimated using Turbidi-
metric method, Random Plasma Glucose was estimated using
Glucose oxidase method, serum Urea, Creatinine and Albumin were
estimated using Diacetyl Monoxime method, Jaffe Slot method
and Bromo Cresol Green method respectively. The prevalence of
Microalbuminuria in women with risk factors for gestational dia-
betes mellitus was 22%. Urinary microalbumin was significantly
higher in the study subjects (56.36 – 8.44mg/L) than in the control
(17.32 – 4.5 mg/L). The mean – standard error of mean of random
plasma glucose in the study subjects was 5.84 – 0.16 mmol/L and
that of the control was 4.33 – 0.14 mmol/L.The mean – standard
error of mean Serum Urea, Creatinine and Albumin were 4.1 –
0.15mmol/L, 0.70 – 0.03mg/dL, and 3.06 – 0.05g/dL respectively
while that of the control were 3.47 – 0.13mmol/L, 0.63 – 0.01mg/dL
and 2.78 – 0.09g/dL respectively. Obesity was strongly correlated to
microalbuminuria. Early detection of microalbuminuria will pre-
vent the onset or the progression of renal disease in patients with
Gestational Diabetes Mellitus.

200

Devices Focused on Diabetic Preventions

ATTD19-0044

COMPARISON OF EFFECT OF TV VIEWING TIME
AND COMPUTER USE TIME ON PHYSICAL
INACTIVITY ACCORDING TO BODY MASS
INDEX IN KOREAN ADOLESCENTS

K. Son1, J.M. Yun1, H.J. Park1

1Seoul National University Hospital, Department of Family
Medicine, Seoul, Republic of Korea

Background: Screen time is one of important components in
sedentary behaviors, which are risk factors diabetes mellitus in
their adult life. This study aims to compare effect of TV viewing

time and computer use time on physical inactivity in Korean
adolescents.

Method: We used the 3rd Korean National Health and Nu-
trition Examination Survey (KNHANES III) in Korea. We cal-
culated weekly physical activity of vigorous or moderate
intensity for participants between 12 and 18 years old. Screen
time of weekdays and weekends were calculated separately for
TV viewing time and computer use. Multiple regression was
performed to elucidate association between screen time and
physical activity.

Results: Among 1,033 participants, 551 were male. Mean age
was 14.7 – 1.9 years. There was significant association of
weekday TV viewing time with physical activity in normal fe-
male adolescents (BMI <23 kg/m2) (b = -7.70, 95% confidence
interval (CI) -14.20 – -1.21), while weekend computer use was
negatively associated with physical activity in normal male ad-
olescents (b = -6.08, 95% CI -11.04 – -1.10). However, for
overweight male adolescents, both weekdays and weekends
computer use were positively associated (b = 7.24 and 5.04,
P < 0.05). Otherwise, there was no significant association of TV
viewing time, or computer use time with physical activity time.

Conclusion: Weekday TV viewing was negatively associated
with physical activity in normal female adolescents, while
weekend computer use was associated in normal male adoles-
cents. Unexpectedly, both weekday and weekend computer use
were positively associated with physical activity in overweight
male adolescents.
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DIABETES EDUCATIONAL AND RISK SCORING
(DEAR) APP FOR PATIENTS AT APOLLO SUGAR
CLINICS- A TOOL THAT GIVES AN EARLY
INDICATION

S. Das1, S. Shah2, K. Das3, U. Ayyagari4, R. Manikandan5,
C. Dwarakanath6, T. Boochandran4, S. Tippisetty7,
C. Poornima7, V.K. Kolukula7

1Apollo Sugar Clinic- Apollo Hospital, Diabetes and
Endocrinology, Bhubaneswar, India
2Apollo Sugar Clinics, Diabetes and Endocrinology,
Mumbai, India
3Apollo Sugar Clinic, Diabetes and Endocrinology,
Raipur, India
4Apollo Sugar Clinic- Apollo Hospital, Diabetes and
Endocrinology, Chennai, India
5Apollo Sugar Clinic- Apollo Hospital, Diabetes and
Endocrinology, Madurai, India
6Apollo Sugar Clinic- Apollo Hospital, Diabetes and
Endocrinology, Bangalore, India
7Apollo Sugar Clinics Ltd, Diabetes and Endocrinology,
Hyderabad, India

Background and Aim: Diabetes education and assessment
radar (DEAR) application is a patient engagement tool to educate
patients visiting Apollo Sugar Clinics about the underlying dia-
betes risk and its complications through risk factor scoring.
Hence, we aimed to screen and identify patients having the risk
of complications and associated abnormalities through the
DEAR app.
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Methods: Prospective screening of individuals visiting
Apollo Sugar Clinics for doctor consultation from June – August
2018. The screening and risk scoring was done using a mobile tab
with DEAR app prior to doctor consultation. The scoring and
classification of risk such as no (0–8), low (9–12), medium (13–
16), high (17–20) and severe risk (21–25) were defined consid-
ering the standard ADA guidelines.

Results: Nearly 70% (2707/3867) of the patients were at me-
dium to severe risk. The severity of score increased with increasing
age (>65 years), BMI (>30 kg/m2), disease duration (>5 years),
type of medication(oral and insulin) and HbA1c (>9%). 42% of the
patients had at least one of the following complications-lipid,
kidney, eye, or foot. Lipid abnormality was the most common with
respect to age, BMI, HbA1c. Further, medium to severe risk per-
centages was higher in oral+insulin medication group compared to
only oral medication.

Conclusion: The scoring obtained enables the healthcare
professionals for thorough investigations and can also serve as an
early indicator for appropriate diabetes management program to
achieve glycemic, blood pressure and lipid targets to delay
complications for better patient outcomes. Patients with higher
risk score can be educated appropriately by a health care team.
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ATTD19-0169

DECREASE IN GLYCEMIC VARIABILITY FOR T2D
OVER SIX MONTHS IN PATIENTS MONITORING
WITH A DIGITAL DIABETES MANAGEMENT
SYSTEM

Y. Hershcovitz1, E. Feniger1, S. Dar2

1Dario Health, r&d, Caesarea, Israel
2Dario Health, marketing, Caesarea, Israel

High glycemic variability (GV) is a key risk factor in the
presence of Diabetes. Frequent glucose fluctuations may not only
contribute to increasing the average blood glucose, but also fa-
vors the development of chronic diabetes complications. Dar-
ioTM Blood Glucose Monitoring System, a digital Diabetes
management system, may assist patients to reduce average gly-
cemic levels and hyperglycemia events while simultaneously
avoiding hypoglycemia.

A retrospective data evaluation study was performed on the
DarioTM database. A population of T2D high-risk patients (blood
glucose measurements average (GMavg) >180 mg/dL) measuring
more than 20 times in the first 30 days (analysis baseline) was
evaluated on days 60–90 (3 months) and 150-180 days
(6 months). Standard deviation (SD) and GMavg were calculated
and compared to the baseline.

A group of 698 T2D high-risk DarioTM users was selected. GV
was reduced by 10% and 14% from baseline through 3 and 6
months, respectively (SD of 55.7, 58.4 vs.65.0). GMavg was re-
duced by 8% and 12% from baseline through 3 and 6 months,
respectively (201.1 – 25.57, 192.8 – 54.3 vs. 219.5 – 38.5) while
patient’s hypoglycemic event (<70mg/dL) was in average, less
than one (<1) during this period. Subgroup analyses (355 patients)
revealed substantial GV improvement among non-Insulin T2D
patients. The GV was reduced by 14% and 18% from baseline
through 3 and 6 months, respectively (SD of 52.8, 50.7 vs.61.7).

To conclude: Patients using a digital Diabetes management
platform have the potential to promote behavioral modification

and enhance adherence to diabetes management, demonstrating
better glycemic control.
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ATTD19-0265

RANKING PHYSIOLOGICAL, LIFESTYLE AND
ENVIRONMENTAL RISK FACTORS FOR
PREDICTING TYPE 2 DIABETES ONSET

A. Zandonà1, M. Vettoretti1, E. Longato1, Y. Li2, K. Madondo2,
J. Pagán2, D. Siscovick3, B. Di Camillo1

1University of Padova, Department of Information Engineering,
Padova, Italy
2The New York Academy of Medicine, Center for Health
Innovation, New York, USA
3The New York Academy of Medicine, Institute for Urban
Health, New York, USA

Objective: Type 2 diabetes (T2D) arises from the interaction
of physiological, lifestyle and environmental risk factors. Nu-
merous models, using different variables, were proposed in the
literature to identify subjects at risk of developing T2D. To assess
the relative importance of different risk factors, we developed a
variable ranking strategy and applied it on the Multi-Ethnic Study
of Atherosclerosis (MESA) dataset, including anthropometric
measures, fasting glucose values, co-morbidities, lifestyle and
environmental factors.

Method: A Cox model coupled with LASSO (COX-LASSO)
was trained on 4,124 subjects from the MESA dataset to predict
the time until incident T2D. COX-LASSO was trained in a Monte
Carlo bootstrap resampling scheme with B = 100 training/test
splits. The Recursive Feature Elimination algorithm was used
to rank variables within each bootstrap sample. Then, a global
ranked list was derived ordering the variables according to their
average ranking in the B resulting lists. COX-LASSO perfor-
mance was assessed on the other 1,031 subjects from the MESA
dataset by the Area Under the ROC curve (AU-ROC) at 10 years.

Results: COX-LASSO reaches performance comparable or
superior to the other existing models (AU-ROC = 0.91). The top
12 predictive variables selected by the model are, ranked by
importance: fasting glucose, HDL, waist circumference, T2D
family history, alcohol use, ethnicity, noise and lack of parks in
the neighbourhood, antidepressants use, occupation, blood pres-
sure, and hypertension.

Conclusion: Our approach highlights the importance of en-
vironmental variables to predict T2D onset. Interestingly, our
model also selected depression, which is related to T2D but is not
included in literature models.
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EXPERIENCE OF CGM (CONTINUOUS GLUCOSE
MONITORING) FOR CHILDREN AND ADOLESCENTS
IN A PAEDRIATRIC DIABETES UNIT

G.M. Lou1, S. Barbed1, G. Larramona2, M. Ferrer1,
T. Montaner2

1Diabetes Paediatric Unit, Paediatrics, Zaragoza, Spain
2Economics Faculty, Zaragoza University, Zaragoza, Spain
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Objective: Estimate the use of CGM in a Pediatric Diabetes
Unit from a Spanish region. To find out differences between the
different CGM systems (included flash type or intermittent) and
according to the type of treatment. To analyze the metabolic
control, frequency of mild and severe hypoglycaemia among the
same patients before and after using CGM and to compare pa-
tients with and without CGM.

Methods: Data are collected from September to December
2017, from patients whose diagnosis was between 2003 and 2017.
Patients are grouped in age groups (<5; 6–10;> 10) and demo-
graphic, metabolic control and treatment variables are collected.

Results: 120 patients collaborated, implying a response of
80%.70% use MDI, of which 48% use CGM, being 89% in the
case of patients using CSII. In older than 10 years there is a
predilection for intermittent measurement systems, unlike those
under 5 years prefer continuous measurement. The use of CGM
significantly reduces HbA1c compared to those who do not use
them and significantly reduces the number of mild hypoglycae-
mia, with the disappearance of severe hypoglycaemia in 6
months. 43% of patients reduce the number of glycemias/day
significantly after 6 months of use. CGM decreases almost a 5%
the HbAc1 value and a 19% the Coefficient of Variation.

Conclusion: There exists an improvement in the metabolic
control and the glycemic variability of using CGM. Hypoglycemia
is diminished by GCM, to a greater extent by the Integrated sensor-
augmented pump system. Adolescents prefer to use intermittent
measurement systems, reducing the number of glycemia/d.
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ATTD19-0012

THE IMPACT OF PHYSICAL EXERCISE ON SENSOR
PERFORMANCE OF THE FREESTYLE� LIBRE
INTERMITTENTLY-VIEWED CONTINUOUS
GLUCOSE MONITORING SYSTEM IN TYPE 1
DIABETES–A RANDOMISED CROSS-OVER TRIAL

O. Moser1, M.L. Eckstein1, A. Mueller2, P. Birnbaumer2,
F. Aberer3, G. Koehler3, C. Sourij3, H. Kojzar3, P. Holler4,
H. Simi4, P. Pferschy3, P. Dietz5, R.M. Bracken1, P. Hofmann2,
H. Sourij3

1Swansea University, Diabetes Research Group & A-STEM,
Swansea, United Kingdom
2University of Graz, Exercise Physiology- Training & Training
Therapy Research Group, Graz, Austria
3Medical University of Graz, Division of Endocrinology and
Diabetology, Graz, Austria
4FH JOANNEUM University of Applied Science, Sport Science
Laboratory, Bad Gleichenberg, Austria
5Karlsruhe Institute of Technology, Working Group Social and
Health Sciences of Sport, Karlsruhe, Germany

Background and Aims: To evaluate the sensor performance
of the Abbott Freestyle� Libre intermittently-viewed continuous
glucose monitoring (iCGM) system to reference blood glucose
levels during moderate-intensity exercise while on either full or
reduced basal insulin dose in people with type 1 diabetes (T1D).

Method: Ten participants with T1D (4 females, age 32.1 – 9.0
years, BMI 25.5 – 3.8 kg/m2, HbA1c 7.2 – 0.6% (55 – 7 mmol$
mol-1)) exercised on a cycle ergometer for 55 min at a moderate
intensity for five consecutive days at the clinical research facility, on
either a usual or a 75% basal insulin dose. After a four-week wash-

out period, participants performed the second exercise period with
the remaining allocation. During exercise reference capillary blood
glucose values were analysed by fully enzymatic-amperometric
method and compared to the referring interstitial glucose values.
iCGM accuracy was analysed by median absolute relative differ-
ence (MARD (interquartile range)), Clarke error grid and Bland-
Altman analysis for overall glucose levels during exercise, stratified
for glycaemic ranges and basal insulin dosing scheme (p < 0.05).

Results: 845 glucose values were available during exercise to
evaluate iCGM sensor performance. The overall MARD across
the glycaemic range was 22%(13.9–29.7%), 36.3%(24.2–45.2%)
during hypoglycaemia, 22.8%(14.6–30.6%) during euglycaemia
and 15.4%(9–21%) during hyperglycaemia. A usual basal insulin
dose was associated with a decreased sensor performance during
exercise compared to the reduced basal insulin period (MARD:
23.7%(17.2–30.7%) vs. 20.5%(12–28.1%), p < 0.001).

Conclusion: The iCGM sensor showed diminished accuracy
during exercise. Absolute glucose readings derived from the
iCGM sensor should be used cautiously and need confirmation
by additional finger prick blood glucose measurements.
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ATTD19-0027

COST EFFECTIVENESS OF REAL-TIME
CONTINUOUS GLUCOSE MONITORING COMPARED
WITH SELF-MONITORING OF BLOOD GLUCOSE
FOR TYPE 1 DIABETES PATIENTS IN THE UNITED
KINGDOM

M. Minshall1, D. Rentoul2, C. Graham2, J. Isitt2, B. Klinkenbijl2

1Analytica-Laser- a Certara Company, Health Economics and
Outcomes Research, New York, USA
2Dexcom- Inc., Global Access, San Diego, USA

Background: The study was designed to estimate the economic
value of a new generation rt-CGM (lasts 10 days, no calibration or
SMBG, optional receiver) compared with self-monitoring of blood
glucose (SMBG). Our analysis used the new Type 1 Diabetes
(T1D) Consensus Guideline framework (Diabetes UK, 2018) and
complication costs specific to the United Kingdom (UK).

Methods: A published and validated economic model was
used to assess the long-term (50-year) cost-effectiveness of rt-
CGM compared to SMBG for UK patients with T1D. All as-
sumptions were based on published evidence with preference for
randomized controlled trials when feasible, followed by other
published literature on complications and costs (£2018). Key base
case assumptions included: 1) starting HbA1c >8.5%; 2) change in
HbA1c: -1.29% (rt-CGM), -0.53% (SMBG); 3) rates for non-
severe hypoglycemic events (NSHEs), severe hypoglycemic
events not requiring medical assistance (SHE1) and those severe
hypoglycemic events requiring medical assistance (SHE2). Costs
and clinical outcomes were discounted at 3.5% per year.

Results: Base case incremental cost-effectiveness ratio
(ICER) for rt-CGM compared with SMBG was £3,976/QALY.
Sensitivity analyses performed under shorter time horizons, in-
creasing NSHE, SHE1 and SHE2 hypoglycemia rates for rt-
CGM, and reducing all hypoglycemia disutility rates resulted in
ICERs ranging from £3,584/QALY to £22,162/QALY. All
ICERs in our analyses were within or very close to the £20,000/
QALY threshold attributed to NICE for the UK.
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Conclusions: Results demonstrate the potential economic value
of rt-CGM and suggest that rt-CGM may be considered good value
for money compared with SMBG for T1D patients in the UK.
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ATTD19-0038

CHANGES _IN THE GLUCOSE PROF_ILES OF
PREGNANT WOMEN W_ITH TYPE 1 AND TYPE 2
D_IABETES

N. Dinccag1, S. Ozel Yildiz2, E. Bagdemir1,
G. Yenidünya Yalın1, S. Tekin1, N. Gul1, F. Turker1,
R. Cakmak1, S. Tanrıkulu1

1Istanbul University Istanbul Faculty of Medicine,
Endocrinology and Metabolism Division, Istanbul, Turkey
2Istanbul University Istanbul Faculty of Medicine, Bioistatistics
and Medical Informatics Department, Istanbul, Turkey

Aim: To examine and compare glycemic excursions in
pregnant women with type 1 diabetes(T1DM) and type 2 dia-
betes (T2DM) by using continuous glucose monitoring (CGM)

Materials and Methods: 20 women with pregestational
T1DM or T2DM with 5-day CGM profiles at third trimestr
were included in this study. Glucose measurements were di-
vided into periods of euglycemia (70–130 mg/dl), hyperglyce-
mia (> 180 mg/dl) and hypoglycemia (<70 mg/dl).

Results: Of the participating women, 13 (65%) had T1DM
and 7 (30%) had T2DM. The mean age of the study group was
32.8 – 5.9 yrs (31.0 – 6.1 yrs for T1DM v.s. 36.1 – 6.3 yrs for
T2DM; p = 0.06). Diabetes duration was longer (12.3 – 0.5 yrs
v.s. 4.6 – 3.2 yrs; p = 0.02) and BMI was lower (mean BMI
24.4 – 2.7 kg/m2 v.s. 28.3 – 3.2 kg/m2; p = 0.01) at initial visit in
women with T1DM. The pregnants with T2DM had more fre-
quent family history of diabetes (0.05). There was significant
difference in A1C (6.9 – 0.5 and 5.9 – 0.5%, respectively;
p = 0.001) in women with T1DM. Although the rates of hypo-
glycemia were similar in both groups, duration of euglycemia
throughout the day was shorter 64%; the duration of hypergly-
cemia exposure especially during night and glycemic variability
was higher in pregnants with T1DM.

Conclusions: CGM is a novel tool to assess 24-h glucose
fluctuations and reveals clear differences in the glycemic status
in pregnant women with T1DM and T2DM. In pregestational
diabetes, CGM may have an important role for optimal glucose
control and treatment adjustments.
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PERFORMANCE AND RESULTS FROM
INTERMITTENTLY VIEWED CONTINUOUS
GLUCOSE MONITORING DURING EXTREME
MOUNTAIN BIKING

C. Viñals1, M. Giménez1, M. Castellà2, I. Conget1

1Hospital Clı́nic of Barcelona, Endocrinology and Nutrition,
Barcelona, Spain
2Hospital Clı́nic of Barcelona, Cardiovascular Surgery,
Barcelona, Spain

Objective: Continuous glucose monitoring(CGM) can pro-
vide useful information on individual athletes in extreme con-
ditions and for optimization of training. We aimed to provide
novel data characterizing: glucose homeostasis during prolonged
extreme exercise in normal healthy volunteers and the perfor-
mance of intermittently viewed CGM(iCGM).

Methods: Data on glucose profile was recorded during the
2018 Edition of Titan Desert mountain bike challenge in Mor-
occo (6 days, 650 km, day temperature 35–40�C and cumulative
elevation 7500 m) from 3 healthy athlete volunteers’ (40-50
years-old, 69-98 kg, 15.0-16.6 % body fat, BF) who participated.
Interstitial glucose was measured with an iCGM device (Free-
Style Libre�).

Results: All three participants finished the race without major
health issues. During the challenge, 100% of glucose profile was
obtained from one participant and only 61–69% from the other
two due to lack of permanence of the adhesion of the pad sen-
sor/transmitter. There were not skin problems related to the de-
vice. On average MARD was 9.4 + 12.5%. 89% of the time,
sensor glucose(SG) was within the range of 70–140mg/dl, 7%>
140mg/dl and 4% <70mg/dl. None of the <70 episodes (all
asymptomatic) happened during the stages of active cycling. GS
average was 107 + 15mg/dl with a coefficient of variation of
14%. Estimated average stage expenditure was 2738 kcal. Mean
carbohydrate intake ranged from 800 to 1000g/24h.

Conclusion: The performance of iCGM in healthy subjects
during high intensity and prolonged exercise under extreme
conditions could be considered satisfactory. This study demon-
strated that glucose regulation is, generally, tightly controlled in
healthy adults despite a prolonged extreme sport challenge.
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WHY INTRAPERITONEAL GLUCOSE SENSING IS
SOMETIMES SURPRISINGLY RAPID AND
SOMETIMES SLOW: A HYPOTHESIS

A.L. Fougner1, M.K. Åm2,3, S.C. Christiansen2,3, P.C. Bösch1,
R. Ellingsen4, D.R. Hjelme4, S.M. Carlsen2,3, Ø. Stavdahl1

1Norwegian University of Science and Technology NTNU,
Department of Engineering Cybernetics, Trondheim, Norway
2Norwegian University of Science and Technology NTNU,
Department of Clinical and Molecular Medicine,
Trondheim, Norway
3St Olavs Hospital, Clinic of Medicine- Department of
Endocrinology, Trondheim, Norway
4Norwegian University of Science and Technology NTNU,
Department of Electronic Systems, Trondheim, Norway

Intraperitoneal (IP) glucose sensing can sometimes be sur-
prisingly rapid; reacting to intravenous glucose boluses almost as
fast as intraarterial (IA) sensors (time delays of 0–26 s between
IA and IP sensor locations) [1]. This study used interferometric
sensors (GlucoSet AS, Trondheim, Norway).

In another study using amperometric sensors (Abbott Free-
style� Libre, Abbott Laboratories, IL, US), IP glucose sensing
was nearly as slow as subcutaneous sensing, with a time delay of
several minutes [2].

The large difference in time delay cannot be explained solely
by the different sensing technologies. Based on the diffusion time
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of glucose in water, which is approximately 7.5 s for a dis-
tance of 100 lm (using Fick’s first and second law of diffu-
sion), we hypothesize that the most rapid sensors have been
measuring directly at the surface of the peritoneal lining,
measuring the concentration of glucose diffusing out of the
peritoneal lining, while the slower sensors measured in the
peritoneal fluid.

In an artificial pancreas, time delays should be minimized.
Thus, if our hypothesis is confirmed, intraperitoneal glucose
sensors should aim at sensing at the peritoneal lining instead of
the peritoneal fluid. Or even better, they should sense the glucose
level in tissue or capillaries immediately below the peritoneal
lining.
[1] Fougner, A. L. et al. ‘‘Intraperitoneal Glucose Sensing is
Sometimes Surprisingly Rapid’’, Modeling, Identification and
Control (MIC), 2016. DOI: http://dx.doi.org/10.4173/mic.2016
.2.4
[2] Åm, M. K. et al. ‘‘Effect of sensor location on continuous
intraperitoneal glucose sensing in an animal model’’, PLOS
One, in press.
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GLYCAEMIC VARIABILITY AND TIME IN RANGE
IN TYPE 1 DIABETES PATIENTS ON REAL TIME
CONTINUOUS GLUCOSE MONITORING AND
INSULIN INJECTIONS VERSUS SENSOR-
AUGMENTED INSULIN PUMP THERAPY

P. Beato-Vı́bora1, L. Lázaro-Martı́n1, F. Gallego-Gamero1

1Badajoz University Hospital, Endocrinology, Badajoz, Spain

Background and aims: The aim of the study was to compare
glycaemic variability and time in different glycaemic ranges in
patients with type 1 (T1DM) using real time continuous glucose
monitoring (CGM) and multiple daily insulin injections (MDI)
versus the patients using sensor-augmented pump therapy
(SAP).

Material and Methods: All the T1DM patients using real
time CGM in a single center were evaluated in a cross-sectional
study. Fourteen days of data from CGM and/or pump downloads
were analysed. Different glycaemic variability measures were
obtained. Percentage of TIR (70–180 mg/dl), time <54 mg/dl,
<70 mg/dl, >180 mg/dl, >250 mg/dl and >300 mg/dl were cal-
culated. A comparison between the group on MDI (CGM-MDI)
and the group on SAP was performed.

Results: 180 patients were included. No differences between
the CGM-MDI group (n = 70) and the SAP group (n = 110) were
found in age (42 – 14 years vs 40 – 9.2 years, p = 0.4), diabetes
duration (20 – 12 years vs 23 – 11 years, p = 0.2), or baseline
HbA1c before CGM (7.4 – 1.1% vs 7.4 – 0.8%, p = 0.9). In the
SAP group, female sex was more prevalent (63% vs 36%,
p = 0.001) and median duration of CGM was longer (25 [12-40]
months vs 11 [4-28] months, p = 0.001). 87% (n = 96) of the
patients in the SAP group used low-glucose or predictive low-
glucose suspend functions. Differences between both groups are
shown in Table 1.

Conclusion: Similar outcomes regarding glycaemic variability
and time in normo- and hyperglycaemic range can be achieved

with real time CGM and multiple daily insulin injections and with
sensor-augmented pump. Sensor-augmented pump therapy pro-
vides greater protection against hypoglycaemia.
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METABOLIC CONTROL OF 44 TYPE 1 DIABETIC
TODDLERS FOLLOWED UP IN HELSINKI
UNIVERSITY HOSPITAL IS GOOD

A.K. Tuomaala1, P. Miettinen1, M.A. Pulkkinen1

1University of Helsinki and Helsinki University Hospital,
Hospital for Children and Adolescence, Helsinki, Finland

Introduction: Treatment of young children with type 1 dia-
betes (T1D) is often challenging. In Helsinki University Hospi-
tal, department for children and adolescents, we have carefully
analyzed treatment outcome of children below 3 years by using
continuous glucose monitoring (CGM) or intermittent continu-
ous glucose monitoring (iCGM) and insulin pumps with pre-
dictive low glucose suspension (Medtronic 640G) and by using
patients personal pump/iCGM downloads assessed remotely
when needed. Purpose of this study was to monitor the metabolic
control of 44 T1D toddlers.
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Materials and methods: The cross-sectional data was col-
lected retrospectively in September 2018 from patient records.
Inclusion criteria was T1D toddlers born in 2014-2018 and aged
<3 at the time of type 1 diabetes diagnosis. Mean age at the time
of analysis was 3.3 – 0.9 years and mean duration of the dis-
ease was 18 months. HbA1c, mean glucose, standard deviation,
coefficiency variation (CV), time in range (3.9-10 mmol/l) and
proportion of hypoglycaemias (<3.9 mmol/l) were measured.

Results: We identified 35 patients on smart insulin pumps and
CGM and 9 (20%) patients in MDI + iCGM. The mean insulin
dose of these patients was 0.63/IU/kg/day. The glycemic control
is shown in table 1.

Conclusion: The metabolic control in T1D toddlers, diag-
nosed under 3 years old, in Helsinki University Hospital area is
quite good. New technology combined with frequent education,
support and advising in the beginning is a key to success.
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PATIENT SATISFACTION AND CLINICAL EFFICACY
OF FLASH GLUCOSE MONITORING IN PATIENTS
WITH TYPE 1 DIABETES

K. Ueno1, D. Chujo1, N. Takahashi1, M. Ohsugi1, A. Tanabe1,
K. Ueki1, H. Kajio1

1National Center for Global health and Medicine, Department
of Diabetes Endocrinology and Metabolism, Shinjuku, Japan

Frequent measurements of blood glucose levels, also known
as self-monitoring of blood glucose (SMBG), are usually re-
quired as part of the treatment and management in patients with
type 1 diabetes (T1D). Since flash glucose monitoring (FGM), a
less-invasive glucose monitoring method without pricking the
fingertips, was launched in Japan in September 2017, we eval-
uated the patient satisfaction and clinical efficacy of FGM in
Japanese patients with T1D.

Patient satisfaction on FGM was assessed using Diabetes
Treatment Satisfaction Questionnaire (DTSQ) and Diabetes
Therapy-Related Quality of Life (DTR-QOL) before and 4 and
12 weeks after initiating the use of FGM in 20 Japanese patients
with T1D. Moreover, clinical parameters related to glucose

metabolism, such as glycated hemoglobin (HbA1c) and glycated
albumin levels were obtained, and glucose fluctuations were
evaluated using the FGM data. The correlation of glucose values
between FGM and SMBG was also investigated.

DTSQ scores significantly improved 12 weeks after the use of
FGM (P < 0.001). Furthermore, the scores related to ‘‘treatment
satisfaction’’ and ‘‘burden in social activities’’ in DTR-QOL
were also significantly improved (P = 0.007 and 0.02, respec-
tively). HbA1c levels and percentages of glucose levels within
the target range (70–140 mg/dL) also improved at 12 weeks
(P = 0.002 and 0.016, respectively). Mean absolute relative dif-
ferences in glucose values between FGM and SMBG were
12.2 – 13.1% throughout the study period.

In conclusion, FGM contributed to improving the patient
satisfaction and adjustment of blood glucose levels in patients
with T1D.
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CORRECTING HBA1C VALUES FOR INDIVIDUAL
GLYCATION FACTORS - APPLICATION OF RED
BLOOD CELL GLYCATION KINETIC MODEL

Y. Xu1, T. Dunn1

1Abbott Diabetes Care, Clinical Affairs, Alameda, USA

Background and Aims: Lab HbA1c can be misleading due to
an individual’s red blood cell (RBC) life and RBC glucose
transport rates, with extreme examples related to dialysis and
heart valve replacement. An RBC kinetic model can be used to
calculate corrections to lab HbA1c values in these cases.

Materials and methods: With an individual’s rate constants
and appropriate reference values, one can adjust the lab HbA1c
value use following equation:

HbA1cs¼K � Gs½ �= 1þK � Gs½ �ð Þ

Where K is the ratio of RBC glycation and elimination rate
constants: K = kgly/kage. RBC life is inversely proportional to kage.
Adjusted HbA1c can be calculated with approprate reference K.

Results: The model was applied to the experimental data.
Assuming no change in individual kgly values and a hypo-
thetical reference RBC life of 63 days or kage 0.011 (1/day),
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the correction to lab HbA1c can be calculated (Fig 1). As
expected, positive corrections are seen for those with signif-
icantly shorter RBC life and negative corrections otherwise.
Similarily, correction can be applied with a reference glyca-
tion rate constant.
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FEAR NO HYPO -FEASIBILITY EVALUATION OF
THE IMPACT ON GLUCOSE CONTROL AND SAFETY
OF THE EVERSENSE CONTINUOUS GLUCOSE
MONITORING SYSTEM IN TYPE I DIABETIC YOUTH

T. Biester1, A. Nieswandt1, S. Biester1, C. Stephan1, K. Remus1,
K. Adolph1, T. Kottmann2, O. Kordonouri1, T. Danne1

1AUF DER BULT, Diabetes Center for Children and
Adolescents, Hannover, Germany
2CRO Dr. med. Kottmann GmbH & Co. KG, cro,
Hamm, Germany

Introduction: CGM use is growing in T1D population, es-
pecially in the pediatric age group. The continuously growing
number of users provides new insights on therapy data as well as
a benefit in therapy outcome. But new problems such as allergic
reactions to adhesives or annoying frequent sensor changes arise.

The ‘‘Eversense�’’ sensor is a subcutaneously inserted rtCGM
system which only has to be changed once every 5-6 months.
Actual smartphones can be used as its receiver. Its adhesive is
silicone-base and therefore less aggressive to the skin than the
adhesives of other CGM systems. As of today, it is only approved
for use in adults.

Method: Five (5) children (6–12 years) and 10 adolescents
(13–17 years) will receive the sensor. After a 30-day blinded
period, the sensor will be used in an unblinded mode until the end
of working period.

The primary endpoint is the time in hypoglycemia in the three
weeks before the end of a 90-day period compared to the first
three weeks of the blinded period.

Conclusion: As a growing number of adhesive allergic re-
actions are observed with CGM use, also related to the growing
number of systems in use, CGM systems with an alternative
approach to a transcutaneous probe which requires an aggressive,
long-term adhesive patch to stay in place are needed.

It is important that studies be performed as early as possible to
investigate the safety and feasibility of new technologies in the
pediatric population so there are alternative solutions available
for this population.
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PIVOTAL STUDY OF A NON-INVASIVE CONTINUOUS
GLUCOSE MONITORING SYSTEM (CGM): A
RETROSPECTIVE EVALUATION OF DATA FROM 75
PATIENTS WITH 525 WEAR DAYS

F. Chowdhury1, T. Rahman1

1Nemaura Medical Inc., Medical Devices, Loughborough,
United Kingdom

Background and aims: The sugarBEAT� system is a non-
invasive, Continuous Glucose Monitor (CGM) designed to pro-
vide glucose patterns and trends, by measuring interstitial
glucose on the surface of the skin. sugarBEAT� consists of a
daily-disposable sensor connected to a rechargeable body worn
transmitter, with a mobile phone app displaying glucose readings
every 5 minutes.

Methods: The study evaluated sensor performance over 7
consecutive wear days, consisting of 3 non-consecutive in-clinic
visits, and 4 home wear days, recording glucose levels every 5
minutes. Venous blood samples taken at 15 minute intervals were
used as a reference for an in-clinic portion of study using Ar-
chitect c8000, Sensors were replaced each day, and the maxi-
mum wear period of each sensor was 14 hours per day.

Results: The sugarBEAT� agreement with reference glucose
analyzer within 20 mg/dL (<80mg/dL) or 20% of glucose values
(>80mg/dL) gave an overall MARD of 8.67% (for 66.7% of all
paired data points, over the first 10 hours of device wear time),
and an overall MARD of 16.74% for 100% of the data, using a
single finger prick calibration. Similarly the MARD was 7.68%
for 74.39% of the data and 14.12% for 100% of the data when 2-
finger prick calibrations were applied. No device-related Serious
Adverse Events (SAEs) were reported.

Conclusion: The sugarBEAT� system shows promise for
diabetics wanting to trend their glucose profiles, and the first of
its kind to offer the flexibility of wear of less than a day, without
requiring sensor insertion into the skin.
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TEMPORARY USE OF GLUCOSE SENSOR IN
TYPE 1 DIABETES PATIENTS

M. Zivkovic1, G. Petrovski1

1University Clinic of Endocrinology- Diabetes and Metabolic
Disorders, Center for insulin pump and sensor, Skopje,
FYR Macedonia

Aim: The aim of the study is to evaluate the glycemic out-
comes in temporary use of continuous glucose monitoring
(CGM) in patients with type 1 diabetes (T1D) on continuous
subcutaneous insulin infusion (CSII) or multiple daily injection
(MDI).

Methods: A CGM for 7 days was added on T1D patients with
HbA1c>7.5%. All patients did not use any CGM device in the
last three months. Patients were analyzed in two groups:

CSII group, 28 patients on CSII (Minimed Veo/722, Med-
tronic, USA) used real-time CGM (Minilink with En-lite sensor,
Medtronic, USA) for seven days, where patients could see the
glucose value and respond adequately and

MDI group, 32 patients on MDI used retrospective CGM
(Ipro2 with En-lite sensor, Medtronic, USA), where patients
could not see the glucose value (blinded CGM).

Patients from both groups used the CGM device for 7 days.
Data was downloaded using specific software (Carelink Pro and
Carelink Ipro, Medtronic, Northridge, CA) and specific instruc-
tions in basal and bolus insulin, education on food, physical
activity and hypoglycemia/hyperglycemia were given to the
patients. HbA1c was obtained before and three months after the
study.
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Results: Both groups significantly improved glucose control
(HbA1c) from 7.8 – 0.6% to 7.1 – 0.6% in CSII group and from
8.2 – 1.1% to 7.4 – 0.8% in MDI group. There was no significant
difference between both groups at the end of the study.

Conclusions: Temporary use of CGM can improve glucose
control in both T1D patients on CSII or MDI. Further investi-
gation on larger groups should be performed to confirm our
findings.
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A NOVEL ADAPTIVE KALMAN FILTERING
ALGORITHM AND A FILTER PERFORMANCE
EVALUATION METHOD

A. Butler1, P. Gupta- PhD2, M. Laurenti3

1GlySens Incorporated, Marketing, San Diego, USA
2GlySens Incorporated, Technology Development, San
Diego, USA
3Mayo Clinic, Mayo Clinic Graduate School of Biomedical
Sciences, Rochester, USA

Background and Aims: The use of Kalman filters for noise
suppression of real-time continuous glucose monitoring (CGM)
is well established in the prior literature1. However, an objective
standard is needed to compare the performance of a specific filter
against the prior art. The aim of this study was to develop a real-
time, adaptive Kalman filtering algorithm and provide an ob-
jective evaluation method to show the performance against the
family of Kalman filter implementations.

Methods: 6 in vivo datasets from the Eclipse� ICGM� Sys-
tem2 were utilized to develop and assess the performance of the
filter. Adaptive Kalman filter algorithm varied the instantaneous
filter parameters utilizing a moving window noise estimation
technique. The filtered signal (red) was compared against a post-
processed ideal target signal (blue) to evaluate relative error and
relative high frequency noise (Figure 1a).

Results: Results show that the adaptive Kalman filter im-
proves noise suppression without negatively impacting time lag
as compared to the Kalman filter with fixed parameters.
Figure 1b shows an example where adaptive Kalman filter (blue
circle) slightly improved noise suppression (19% vs 21%)
without negatively impacting relative error, as compared to a
filter with fixed parameters1 (red circle). The black line repre-

sents the performance of a standard Kalman filter over a range of
increasing noise parameters (gamma (c) = r2/k2).

Conclusions: An adaptive Kalman filter, in addition to a new
performance evaluation method, is presented that demonstrates
improved noise suppression, which may enhance overall accu-
racy of the ICGM System.
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FLASH GLUCOSE MONITORING IN TYPE 1
DIABETES MELLITUS. PATIENT EXPERIENCE
AFTER THE FIRST USE

M. Gonzalez1, M. Pazos-Couselo1,2, R. Rodrı́guez-González2,
A. Núñez-Aldudo3, A. Fernández-Pombo1, J.M. Garcı́a-López1,2

1University Hospital Complex of Santiago de Compostela,
Endocrinology and Nutrition Service, Santiago de
Compostela, Spain
2University of Santiago de Compostela, Psiq. Radiology and
Public Health Department, Santiago de Compostela, Spain
3University of Santiago de Compostela, Nursing Faculty,
Santiago de Compostela, Spain

Aim: To assess the metabolic control and patient-device in-
teraction during the first use of flash glucose monitoring system.

Methods: Retrospective observational study. Type 1 diabetic
patients without previous experience with real time and/or
‘‘Flash’’ continuous glucose monitoring system were included.
They wore the sensor on the back of the upper arm for up to 14
days. They received an only educational session related to basic
concepts about the use of the device was done. The metabolic
control was measured and the sensor data were compared be-
tween the first and second week.

Results: 42 patients were recruited. 12 were excluded (cap-
tured data by the sensor <70%).

30 patients (7 men) were analyzed. Average age 39 – 11. 10
subjects were on treatment with multiple dose injection and 20 on
insulin pump therapy.
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The monitoring results are in the following tables:

The events of hypoglycemia between the first and second
week were reduced by 21% (n/s). It was found out that 2 patients
had unawareness nocturnal hypoglycemias.

Conclusion: The information provided by the system helped
patients to reduce hypoglycemia events.

A longer time of use and more education will allow the patient
to gain more experience and improve the results.
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SHOULD WE MEASURE BY THE SAME YARDSTICK?
REAL-TIME CONTINUOUS GLUCOSE MONITORING
AND FLASH GLUCOSE MONITORING PROVIDE
DIFFERENT ESTIMATIONS OF KEY CLINICAL
PARAMETERS

A. Michalak1, K. Pagacz2, W. Fendler3, A. Szadkowska4

1Medical University of Lodz, Department of Pediatrics-
Oncology- Hematology and Diabetology, qódź, Poland
2Medical Unviersity of Lodz, Department of Biostatistics and
Translational Medicine, Lodz, Poland
3Medical University of Lodz, Department of Biostatistics and
Translational Medicine, Lodz, Poland
4Medical Univwersity of Lodz, Department of Pediatrics-
Oncology- Hematology and Diabetology, Lodz, Poland

Objective: We aimed to compare glycemic control and vari-
ability parameters obtained from paired records of real-time
continuous glucose monitoring (RT-CGM) and flash (intermittently-
viewed) glucose monitoring (FGM, iCGM).

Research Design and Methods: Twenty one adolescents with
type 1 diabetes (47.6% boys, 95% treated with continuous insulin

infusion, age 15.3 – 2.1 year, diabetes duration 7.7 – 4.5 years,
glycated hemoglobin 7.35 – 0.7%) were equipped with RT-CGM
and FGM devices for one week. Afterwards, raw measurements
were obtained and processed with Glyculator 2.0 software to
obtain parameters listed in the International Consensus on Use of
Continuous Glucose Monitoring, with distinction into all record/
night-time/day-time blocks when appropriate. Comparisons were
performed in a paired design.

Results: Agreement between the two systems‘ measurements
ranged from poor (r = 0.6215) to perfect (r = 0.9869) in individ-
uals with satisfactory overall accordance (r = 0.8998). Consistent
mismatch between FGM and RT-CGM was observed for six
important metrics: coefficient of variation [median difference
between RT-CGM and FGM -4.12% (25-75%: -7.50% to
-2.96%), p < 0.0001], low blood glucose index [-0.88 (-1.88
to -0.18), p = 0.0004], % of time below 70mg/dl [-4.77 (-8.39
to -1.19), p = 0.0015] and 54mg/dl [-1.33 (-4.07 to 0.00),
p = 0.0033], primary time in range 70–180mg/dl [8.58 (1.31 to
12.66), p = 0.0006] and secondary time in range 70-140mg/dl
[5.14 (1.27 to 10.99), p = 0.0004].

Conclusions: Our data demonstrated that RT-CGM and
FGM differently estimate some key parameters of glycemic
control and variability when used simultaneously by the
same patients. Therefore, such metrics cannot be directly
compared between people using different systems without
incurring bias and system-specific guidelines and targets are
needed.
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THE IMPACT OF PREDICTIVE-SUSPEND FEATURE
ON THE RELATIONSHIP BETWEEN HBA1C AND
HYPOGLYCEMIA IN PATIENTS WITH TYPE 1
DIABETES TREATED WITH SAP AND LOW-GLUCOSE
SUSPEND FUNCTION

M. Giménez1, V. Moscardó2, P. Beato-Vı́bora3, J. Arroyo-Dı́ez4,
C. Quirós5, M. Martı́n-Frı́as6, L. Lázaro-Martı́n3, E. Gil-Poch4,
R. Barrio7, M. Reddy8, I. Conget1, N. Oliver8

1Hospital Clı́nic de Barcelona, Diabetes Unit- Endocrinology
Department, Barcelona, Spain
2Universitat Politècnica de València, Instituto Universitario de
Automática e Informática Industrial, Valencia, Spain
3Hospital Universitario Infanta Cristina, Endocrinology
Department, Badajoz, Spain
4Hospital Universitario Materno Infantil, Pediatric Service,
Badajoz, Spain
5Hospital Mútua de Terrassa, Endocrinology Department,
Terrassa, Spain
6Hospital Ramon y Cajal, Endocrinology Department-
Pediatric Service, Madrid, Spain
7Clı́nica Dialibre, Endocrinologı́a Pediátrica, Madrid, Spain
8Imperial College London, Division of Diabetes- Endocrinology
and Metabolism. Faculty of Medicine, London, United Kingdom

Background and Aims: Continuous glucose monitoring
(CGM) changes the relationship between HbA1c and hy-
poglycaemia in insulin pump (CSII) treated type 1 diabetes
(T1D). We evaluated the impact of predictive low glucose
suspend (PLGS) device on the relationship between HbA1c
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and hypoglycaemia in people previously treated with low
glucose suspend (LGS).

Methods: Data from T1D patients using LGS (Medtronic
Paradigm VEO) in 3 referral hospitals in Spain were included.
Patients were switched to PLGS (Medtronic 640G) as part of
usual care. Baseline and follow-up data of HbA1c and 2 weeks of
CGM were used to assess the relationship between HbA1c and %
of time <70 mg/dl and <54 mg/dl. Regression curves were
compared in order to evaluate the impact of PLGS on the rela-
tionship between HbA1c and hypoglycaemia.

Results: 40 patients with T1D (age 39.6 – 11.5 years, diabetes
duration 26.9 – 11.7 years, 67.5% female) were included. The
mean follow-up period was 10.4 – 3.4 months. At baseline patients
spent 7% of time £70 mg/dL and <2% <54 mg/dl. Treatment with
PLGS was associated with lower % of time <70 mg/dl (3.8 – 2.6
vs. 2.9 – 2.3; p < 0.005) and with a significant reduction in severe
hypoglycaemia frequency (52.5 vs. 0%, before vs. after PLGS).
There were no significant differences in % time <54 mg/dl,
>180 mg/dl and 70-180 mg/dl between baseline and end of follow-
up. There was not a relationship between PLGS setting and the %
of time in hypoglycaemia reduction.

Conclusions: Our data demonstrate that PLGS allows a further
attenuation of hypoglycaemia in patients with T1D previously
using sensor-augmented pump therapy with LGS function.
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ATTD19-0193

SUBCUTANEOUS TISSUE RESPONSE TO
IMPLANTABLE SENSORS: MULTINUCLEATED
GIANT CELLS PREDOMINATION

M. Rigla1, R.B. Garcia-Chamon2, D. Subias1, R. Pareja1,
N. Combalia2

1Parc Tauli University Hospital, Endocrinology, Sabadell.
Barcelona, Spain
2Parc Tauli University Hospital, Pathology, Sabadell.
Barcelona, Spain

We have previously described the tissue response to enzy-
matic glucose sensors in humans, being macrophages the key
component of the inflammatory reaction. Their accumulation is
associated with sensor function impairment.

The aim of the study was to describe a method to explore the
tissue response to implanted glucose sensors. Thus, we enrolled
12 type 1 diabetes patients who wore an Eversense sensor for 90

days. Sensors were removed following the manufacturer in-
structions. Then, an imprint smear of the probe was done for
cytology study, and the probe conserved in salinum for recov-
ering the tissue adhered to it. Additionally, the pocket where the
sensor had been allocated was washed with 1 ml of saline so-
lution, which was then recovered and processed (cell block).

A significant number of multinucleated giant cells were ob-
served in the tissue surrounding the sensor. Unexpectedly, pig-
ment accumulation (Figure 1) was observed free and inside the
cells. This material did not show birefringence under polarized
light and corresponds to some element among those used for
coating the sensor surface (HEMA (hydroxethyl methacrylate),
poly methyl methacrylate (PMMA) or platinum).

Multinucleated giant cells reaction to wear-particles released
from the sensor surface is the commonest cell response to im-
plantable Eversense sensors.
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ATTD19-0200

IMPACT OF EARLY INITIATION OF CONTINUOUS
GLUCOSE MONITORING ON GLYCEMIC CONTROL
IN PEDIATRIC PATIENTS WITH TYPE 1 DIABETES

R.P. Wadwa1, S. Hanes2, M. Clay1, I. Weber1, G. Forlenza1,
B. Buckingham2, L. Nally3, K. Hood2

1University of Colorado Anschutz Medical Campus, Barbara
Davis Center for Diabetes, Aurora, USA
2Stanford University, Pediatrics, Stanford, USA
3Yale University, Pediatrics, New Haven, USA

Recent use of continuous glucose monitoring (CGM) has in-
creased and initiates closer to diagnosis of type 1 diabetes (T1D)
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among pediatric patients in the United States. However, little is
known about benefits of starting CGM soon after diagnosis. We
assessed glycemic control in youth initiating Dexcom G5 CGM
within 40 days of diagnosis compared to no CGM use within 180
days of onset of T1D.

Methods: Data from 55 study participants (mean age 11.1 – 3.6
years, range 2-17 years, 50% female, 69% non-Hispanic white)
were obtained for 6 months. 42 participants randomized to initiate
CGM within 40 days of diagnosis (CGM group) and 13 random-
ized to use blinded CGM one week per month for 6 months (control
group). HbA1c was measured at baseline, 13, and 26 weeks. CGM
data from the groups were compared using t-tests.

Results: Data in table show HbA1c decreased in both groups
over 6 months with no significant difference. Time in range (70-
180 mg/dl) was not significantly different at 3 and 6 months;
however, time <70mg/dl was significantly less in CGM vs.
control at 3 (p < 0.0001) and 6 months (p = 0.002).

Conclusions: Pediatric T1D patients initiating CGM soon
after diagnosis have similar HbA1c and time in range in the
initial 6 months of use compared to those not using CGM but
with significantly less hypoglycemia. Almost 70% time in range
may be related to the honeymoon phase. Further work is needed
to determine which patients may benefit most from early initia-
tion of CGM use.
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ATTD19-0208

THE CONTRIBUTION OF THE FREESTYLE LIBRE�

SYSTEM IN THE MANAGEMENT OF DIABETIC
PATIENTS: EXPERIENCE AT LIÈGE UNIVERSITY
HOSPITAL

M.M. Gernay1, J.C. Philips2, R. Radermecker3, N. Paquot4

1CHU Liege/ Liege University, Diabetes- Nutrition and
metabolic disorders, Liege, Belgium
2CHU Liege/Liege University, Diabetes- Nutrition and
metabolic disorders, Liege, Belgium
3CHU Liege/ Liege University, Diebtes- Nutrition and
metabolic disorders/ Clinical Pharmacology, Liege, Belgium
4CHU Liege/Liege University, Diabetes- Nutrition and
metabolic disorders- Head, Liege, Belgium

Diabetic patients included glycemic self-monitoring conven-
tion in Belgium can benefit from a device measuring subcuta-
neous glucose concentration (GC): FreeStyle Libre� (FSL)/
Abbott. The main advantage of this technology is that it is less
invasive ( blood sampling not required) It also allows patients to
obtain, in addition to the instantaneous value of GC, retrospec-
tive kinetic data, but also prospective trend of its kinetics. In this
study, we evaluated the contribution of FSL on the equilibration
of diabetes, on the time spent in hypoglycaemia and on weight.
We also asked patient’s satisfaction with this system. Data from
838 diabetic patients (type 1 or total insulin deficiency) were
collected between May 2016 and October 2017, 645 patients
with FSL system and 193 preferring to continue capillary blood
samples (SMBG). In the FSL group, compared to the SMBG
group, there was a slight decrease in HbA1c estimated at
0.15 – 0.073% after 15 months. This decrease appears mainly
when the starting level is high (HbA1c > 7.5%). The body mass
index (BMI) increases slightly in patients with the device but
remains stable in subjects without FSL. Patients perform an av-

erage of 8.8 checks: the more patients perform daily scans, the
greater the number of data included in the target, that is, the better
the glycemic balance. A higher number of scans is also associ-
ated with a decrease in the average duration of hypoglycaemia.
Finally, the satisfaction survey shows a fairly high degree of
patient satisfaction with the use of FSL.

224

Glucose Sensors

ATTD19-0217

ACCURACY OF FLASH GLUCOSE MONITORING
SYSTEM IN HOSPITALIZED PATIENTS WITH TYPE 2
DIABETES MELLITUS - PILOT STUDY

D. Schapira Wajman1, J.E. Nunes Salles1, M. Marques Naldi1,
M. Aguiar Medeiros1, T.H. Ching2, E. Bezerra Parente1

1Faculty of Medicine Santa Casa de São Paulo, Department of
Endocrinology, São Paulo, Brazil
2Faculty of Medicine Santa Casa de São Paulo, Department of
Statistics, São Paulo, Brazil

Background: The accuracy of the Flash Glucose Monitoring
System (FGM) has been well established in outpatients with Type
2 Diabetes Mellitus (T2DM), however it has not been evaluated in
hospitalized patients. Monitoring blood glucose during hospital-
ization is important to avoid dysglicemia episodes, that impact on
clinical outcomes. Since there is no data regarding the accuracy of
FGM in hospitalized patients with T2DM, we evaluated in this
pilot study if FGM is reliable compared to Self-Monitoring Blood
Glucose (SMBG) on those patients.

Methods: A prospective, open label, non-randomized, con-
trolled trial was conducted in 11 T2DM hospitalized patients.
FGM was compared to SMBG (preprandial and bedtime). We
excluded T1DM, pregnant, hypovolemic distress, sepsis and ICU
admitted patients. Patients used the sensor for a maximum period
of 14 days. We accepted a Mean Absolute Relative Difference
(MARD) of 20% and used the Consensus Error Grid (CEG) to
evaluate the accuracy of FGM.

Results: A total of 408 glucose values were paired. FGM
observation period was 10.27 – 3.13 days (Mean – SD). The ac-
curacy of FGM was demonstrated by 65.44% of values in Zone A
and 89.21% in zone A/B of the CEG. MARD was 18.99 – 7.24%
and the variation coefficient was 33.94 – 10.54%. FGM detected
more hypoglycemia episodes than SMBG (11 vs 1.7%).

Conclusion: This study demonstrated that FGM is accurate
compared to SMBG in hospitalized patients with T2DM. It also
showed that FGM is able to detect more hypoglycemia episodes
than SMBG, so it might be an useful tool for patient’s safety.

225

Glucose Sensors

ATTD19-0234

REDUCTION OF GLYCEMIC VARIABILITY (GV) BY
HAEMODIALYSIS IN TYPE 2 DIABETES

A. Proietti1, A. Daghero1, J.P. Nogueira2, M.L. Iglesias1,
G. De Marziani3, A. Elbert3

1Instituto Integral de Diabetes y Tecnologı́a Aplicada,
Diabetes, Buenos Aires, Argentina
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2Universidad Nacional de Formosa, Facultad de Ciencias de la
Salud, Formosa, Argentina
3Centro de enfermedades renslez e hipertension, Nefrology,
Buenos Aires, Argentina

Background: The HbA1c is a set of parameters of glycemic
control in patients with type 2 diabetes (T2D), however this
markers do not reflect well glycemic control in T2D patients
on haemodialysis (HD). The glycemic variability (VG) could
be assessed by continuous glucose monitoring (CGM). The
CGM can evaluate the GV by coefficient of variation (CoV)
and Mean amplitude of glucose excursion (MAGE). We
aimed to evaluate the VG by CGM in T2D patients on chronic
HD.

Methods: We used a 6-day CGM to monitor glucose levels in
10 HD-T2D patients including 2 days before (PRE-HD), 1 day
during (INTRA-HD) and 3 days without dialysis session (POST-
HD).

Results: T2D duration was 13.9 – 2.4 (years) and HD duration
was 3.7 – 0.3(years). The mean of HbA1c was 6,41 – 0,2 %, the
CoV mean 29.6 – 1.7 % and the mean of MAGE was 267.5 – 16.7.
We found a reduction of CoV and MAGE between PRE-HD
23.6 – 2.6% vs INTRA-HD 13.4 – 1.5%, P < 0.01; PRE-HD
142.4 – 19.5 vs INTRA-HD 77.1 – 12.3, P < 0.01; an increase of
CoV and MAGE between INTRA-HD 13.4 – 1.5% vs POST-HD
24.4 – 2.8% P < 0.05; 77.1 – 12.3 vs 145.5 – 20.1, P < 0.05. The
mean of CoV-PRE-HD and MAGE-PRE-HD were correlated
positively (r = 0.87, P < 0.01); the mean of CoV-INTRA-HD
and MAGE-INTRA-HD were correlated positively (r = 0.67,
P < 0.01). No significant association with HbA1c was found.

Conclusion: The HD reduces the CoV by CGM with no as-
sociations with HbA1c. The CGM could be a validated marker of
glycemic control in HD-T2D patients.
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MODELING PLASMA-TO-INTERSTITIAL GLUCOSE
KINETICS DURING MEAL AND EXERCISE USING
PLASMA AND MICRODIALYSIS TRACER DATA

M. Schiavon1, C. Dalla Man1, A. Basu2, C. Cobelli1, R. Basu2

1University of Padova, Department of Information Engineering,
Padova, Italy
2University of Virginia School of Medicine, Division of
Endocrinology- Center for Diabetes Technology,
Charlottesville, USA

Background and Aim: Understanding plasma-to-interstitial
(ISF) glucose kinetics is fundamental to determining the accu-
racy of subcutaneous glucose sensors. We showed that a linear
two-compartment model well describes plasma-to-ISF glucose
kinetics using multi-tracer plasma and microdialysis data under
steady-state conditions (Schiavon et al., DTT 2015). The model
also allows to estimate plasma-to-ISF equilibration time (s). The
purpose of this work was to assess the model under dynamic
conditions, such as during meal and exercise, and test if s
changes.

Methods: Ten healthy and 10 type 1 diabetes (T1D) subjects
(age = 48 – 10 y; BMI = 27.0 – 4.3 kg/m2) were studied in two
occasions undergoing either a mixed meal or an intravenous

glucose challenge labeled with [1-13C]glucose. Additional 7
healthy and 7 T1D subjects (age = 52 – 9 y; BMI = 28.4 – 4.9
kg/m2) underwent a moderate grade exercise (50% VO2max) two
hours after a labeled meal. Microdialysis catheters were placed
into the abdominal subcutaneous space and [6,6-2H2]glucose was
administered i.v. as a primed-constant infusion. Tracer enrich-
ments were measured in both plasma and ISF, together with
plasma glucose and insulin concentrations. The model was fitted
to ISF glucose tracer data using plasma measurements as forcing
functions.

Results: The model predicted the data during meal and ex-
ercise, providing precise parameter estimates. In particular, s was
18 – 7 min and 21 – 9 min (mean – SD) in healthy and T1D sub-
jects, respectively, almost doubled than those found in steady-
state (9 – 2 min and 12 – 4 min, respectively).

Conclusion: A model assuming a constant s describes
plasma-to-ISF glucose kinetics in dynamic conditions. However,
the slower kinetics shown in nonsteady- than steady-state con-
ditions may call for more complex non-linear models.
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ASSESSMENT OF POTENTIAL ERRORS IN MANUAL
CALIBRATION OF A CONTINUOUS GLUCOSE
MONITORING SYSTEM

S. Pleus1, M. Link1, N. Jendrike1, C. Haug1, G. Freckmann1

1Institut für Diabetes-Technologie Forschungs- und
Entwicklungsgesellschaft mbH an der Universität Ulm, n/a,
Ulm, Germany

Background: Many continuous glucose monitoring (CGM)
systems require manual calibration, i.e., input of blood glucose
(BG) monitoring data at specific times, in order to provide reli-
able CGM values. Data from a CGM performance assessment
were used to investigate potential errors in manual calibration of
a CGM system.

Methods: Data were obtained from 20 subjects wearing a
CGM system for 14 days. The study comprised in-clinic sessions
and home use phases. Subjects were educated to the calibration
process and, during in-clinic sessions, they were supervised by
study staff.

The following potential errors were assessed based on in-
structions for use: a) Calibration was not performed within
the specified interval (12 hours (+0.5 hours tolerance));
b) BG values were not used within 5 minutes of the BG
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measurement; c) BG measurement was entered incorrectly; d)
glucose concentration was changing too rapidly estimated
from CGM data.

Results: See table.
Conclusions: Manual calibration may be associated with

errors. Even well-educated diabetes patients may perform
10% of calibrations or more incorrectly. Diabetes patients
should take utmost care when manually calibrating CGM
systems.

228

Glucose Sensors

ATTD19-0259

IMPLANTABLE CONTINUOUS GLUCOSE
MONITORING AND GLUCOMETRIC PARAMETERS:
PRELIMINARY DATA FROM REAL-LIFE

A. Cutruzzolà1, R. Assaloni2, G. Citro3, F. Provenzano4,
B. Brunato2, V. Provenzano4, C. Irace1

1Università Magna Graecia di Catanzaro, Dipartimento di
Scienze della Vita, Catanzaro, Italy
2AAS2 Bassa Friulana e Isontina, SSD di Diabetologia, Gorizia
e Monfalcone, Italy
3ASP Potenza, UOSD Diabetologia e Endocrinologia,
Potenza, Italy
4Osp. civico di Partinico- ASP Palermo, UOC Diabetologia-
CRR per la diabetologia e l’impianto dei microinfusori,
Palermo, Italy

Background: Eversense is a novel implantable Continuous
Glucose Monitoring sensor providing accurate readings up to six
months. The efficacy of Eversense on glycemic control and
HbA1c has been described in the Precise studies. We have de-
signed our research with the aim to evaluate if the system im-
proves additional glucometric parameters in subjects with type 1
diabetes (T1D) in the real-life.

Methods: This is a multicenter observation study. Gluco-
metric data were downloaded from the diabetes management
system and collected at the time of the first implantation (base-
line visit) and after 6 months as mean of 2 weeks. Variables
evaluated were time in range (TIR), above (TAR) and below
range (TBR), mean daily glycaemia and standard deviation.
According to last guidelines indications, the range for TIR was
set to 3.9-8.9 mmol/L. Anthropometric and clinical variables
were also collected.

Results: A total of 21 patients with TD1 were evaluated.
A statistically significant reduction of estimated HbA1c and
mean glycemia were observed: eHbA1c from 56.1 – 8.2 to
49.5 – 6.4 mmol/mol, D = -6.6 mmol/mol, P = 0.004; mean
glycemia from 9.2 – 1.4 to 7.9 – 1.3 mmol/L, D = -1.3mmol/l;
P = 0.002. TIR increased from 47.4 to 58.3% (P = 0.02), while
TAR was reduced from 49.2 to 34.8% (P = 0.001). TBR in-
creased from 3.6 to 7.1% (P = 0.01). Reduction of glucose
variability was also observed (SD from 3.3 to 2.8 mmol/l;
P = 0.02).

Conclusions: In our preliminary data from a sample of quite
well-controlled T1D patients, Eversense increases TIR and de-
creases TAR, while increasing TBR. Information from real life
using Eversense may be advantageous to define new algorithms
in the management of diabetes.
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REAL WORLD USE OF CGM-SYSTEMS AMONG
ADOLESCENTS AND YOUNG ADULTS WITH TYPE 1
DIABETES: REDUCED BURDEN, BUT LITTLE
INTEREST IN DATA-ANALYSES

F. Huhn1, G. Ernst1, M. Jördening1, K. Lange1

1Hannover Medical School, Medical Psychology,
Hannover, Germany

Since September 2016 CGM-systems are reimbursed by
health insurance companies in Germany for patients with T1D.
The rate and quality of use of CGM-systems among young
people were assessed.

Participants of a German Diabetes Camp for young people
with T1D (16-25 yrs.) were invited to anonymously answer a
structured questionnaire on their glucose monitoring habits and
satisfaction with use (11 Items), their clinical data and diabetes
distress (PAID 5).

Overall 308 participants (77% response-rate) (age: 21.4 – 3.5
yrs; diabetes-duration: 10.1 – 5.9 yrs.; 73% female; HbA1c
7.7 – 1.5%; CSII 60.6%) participated. Of them 29.5% used
rtCGM, 45.8% iscCGM and 24.4% SMBG. HbA1c was highest
with SMBG (8.0 – 1.9%) compared to iscCGM (7.7 – 1.4%) and
rtCGM (7.7 – 1.4%) without reaching significance. Diabetes
distress was not associated with the method of glucose moni-
toring (PAID_5 sum-score: 6.2 – 4.4).

Participants using either CGM-system reported of better well-
being (97.6%) compared to SMBG, higher satisfaction (88.2%),
better feeling of security (80.3%), important new information
(62.0%); few reported of inconvenience (7.0%) or disturbances
(11.0%) due to alarms of rtCGM. Regularly CGM-data analyses
were reported by 19.1% of young people, their HbA1c was sig-
nificantly lower compared to other CGM users (7.2 – 1.2% vs.
7.7 – 1.4%; p = 0.04).

In this huge but selected sample of Diabetes Camp participants
75% were using a CGM-system continuously. It contributes to
significant improvement in several aspects of their everyday life,
but was not associated with reduced diabetes distress or better
glycaemic outcome as long as the young people don’t analyse the
CGM-data regularly. Structured education and motivation to
analyse CGM-data regularly and effectively is necessary.
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DRIVEN TO HYPERGLYCAEMIA: ADULTS WITH
TYPE 1 DIABETES HAVE HIGHER GLUCOSE LEVELS
WHEN DRIVING

S. Trawley1,2, S. McAuley3,4, M. Lee3,4, B. Paldus3,4, L. Bach5,6,
M. Burt7,8, P. Clarke9, N. Cohen10, P. Colman11,
M. Debock12,13,14, C. Hendrieckx2,15, D. Holmes-Walker16,17,
A. Jenkins3,18, J. Kaye19, A. Keech18, K. Kumareswaran5,10,
R. Macisaac3,4, R. McCallum20, C. Sims3, J. Speight2,15,
S. Stranks7,8, V. Sundararajan3, S. Vogrin3, G. Ward4,21,
T. Jones12,13,14, D. O’Neal3,4

ATTD 2019 E-POSTER VIEWING ABSTRACTS A-101

D
ow

nl
oa

de
d 

by
 4

2.
10

7.
20

2.
11

2 
fr

om
 w

w
w

.li
eb

er
tp

ub
.c

om
 a

t 1
2/

18
/1

9.
 F

or
 p

er
so

na
l u

se
 o

nl
y.

 



1Cairnmillar Institute, Psychology, Melbourne, Australia
2Australian Centre for Behavioural Research in Diabetes,
Diabetes, Melbourne, Australia
3University of Melbourne, Department of Medicine,
Melbourne, Australia
4St Vincent’s Hospital Melbourne, Department of
Endocrinology & Diabetes, Melbourne, Australia
5Alfred Hospital, Department of Endocrinology and Diabetes,
Melbourne, Australia
6Monash University, Department of Medicine Alfred,
Melbourne, Australia
7Flinders Medical Centre, Southern Adelaide Diabetes and
Endocrine Services, Adelaide, Australia
8Flinders University, School of Medicine, Adelaide, Australia
9University of Melbourne, Melbourne School of Population and
Global Health, Melbourne, Australia
10Baker Heart and Diabetes Institute, Diabetes,
Melbourne, Australia
11Royal Melbourne Hospital, Department of Diabetes and
Endocrinology, Melbourne, Australia
12Princess Margaret Hospital for Children, Department of
Endocrinology and Diabetes, Perth, Australia
13University of Western Australia, Telethon Kids Institute,
Perth, Australia
14University of Western Australia, School of Paediatrics and
Child Health, Perth, Australia
15Deakin University, Psychology, Melbourne, Australia
16Westmead Hospital, Department of Diabetes and
Endocrinology, Sydney, Australia
17University of Sydney, Sydney Medical School,
Sydney, Australia
18University of Sydney, NHMRC Clinical Trials Centre,
Sydney, Australia
19Sir Charles Gairdner Hospital, Department of Endocrinology
and Diabetes, Perth, Australia
20Royal Hobart Hospital, Department of Diabetes and
Endocrinology, Hobart, Australia
21University of Melbourne, Department of Pathology,
Melbourne, Australia

Background: Hypoglycaemia impairs driving performance.
Current Australian guidelines, based on this issue, require drivers
using insulin therapy to be ‘‘above 5 to drive’’. This study in-
vestigated glucose levels of adults with type 1 diabetes (T1D)
during driving compared with non-driving periods.

Methods: Australian drivers with T1D using intensive insulin
therapy (via injections or pump) without real-time continuous
glucose monitoring (CGM) were studied. All journeys were
logged automatically for 3 weeks during masked CGM; data
were analysed retrospectively. As most journeys (680/717; 95%)
occurred between 07:00 and 22:00 hours, non-driving compar-
ator CGM data were limited to this time. Primary outcome was
CGM time-in-range of 3.9–10.0 mmol/L. CGM coefficient of
variation (CGM-CV) was included to assess glucose variability
while accounting for mean glucose (SD/mean).

Results: Fifteen adults participated (6 women; mean – SD
age 41 – 12 years; BMI 25.8 – 4.1 kg/m2; HbA1c 7.8 – 0.9%
[62 – 11 mmol/mol]; licence duration 22 – 12 years; journeys
recorded 48 – 12; total driving time recorded 922 – 152 min-
utes). Median [IQR] time-in-range was lower during driving
(33.3% [28.8,52.2]) than non-driving periods (54.8% [44.9,60.2];
p = 0.001; Figure 1). Conversely, glucose time >10 mmol/L was
greater during driving (66.7% [42.9,71.0]) than non-driving pe-

riods (40.1% [35.4,51.7]; p < 0.001); no significant difference in
glucose time <3.9 mmol/L was observed. CGM-CV was lower
during driving (28.3% [24.2,36.2]) than non-driving periods
(36.7% [34.7,41.5]; p = 0.005). Glucose time £5 mmol/L was
lower during driving (2.8% [0.8,5.9]) than non-driving periods
(9.4% [7.3,12.8]; p = 0.026).

Conclusions: Driving is associated with sustained eleva-
tions in T1D glucose levels. This warrants further investiga-
tion and consideration for inclusion in diabetes driving
guidelines.
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MULTI-NATIONAL PERFORMANCE ASSESSMENT
OF THE WAVEFORM CASCADE CGM SYSTEM

M. Rebec1, E. Anderson1, K. Cai1, M. Fir2,
M. Navodnik Preloznik3, R. Dutt-Ballerstadt1

1WaveForm, Inc., Wilsonville, USA
2Vizera, d.o.o., Lljubljana, Slovenia
3General Hospital of Celje, Department of Endocrinology,
Celje, Slovenia

Background and aims: WaveForm is completing the final
steps to a commercial launch of the Cascade CGM continuous
glucose monitoring product intended for persons with T1D or
T2D. The Cascade CGM is a transdermal filament that features
trocar-free insertion and 14 days of use. The Cascade CGM
demonstrated excellent performance in six previous multi-center
studies (n = 87 subjects, MARD 10.4-13.5%). We are reporting
on the initial results of a multinational study that will be part of
our submission to obtain a CE-Mark for the Cascade CGM
system.

Materials and methods: The ongoing Cascade CGM 14-day
evaluation study is performed in centers in three different
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countries (Slovenia, Croatia and Serbia) involving a total of 60
subjects with T1D or T2D. There are five in-clinic days (1, 4, 7,
10 and 14) that will be used to assess the accuracy of the system.
Each subject wears two Cascade CGM devices in the abdominal
area. YSI glucose measurements are performed on plasma from
venous blood sampled every 15 minutes during each of the
12 hour in-clinic days. The overall MARD and MAD calculation
is based on a comparison of paired YSI and CGM glucose values
at the same time points. The CGM values were displayed and
stored by the Cascade CGM using an embedded real-time al-
gorithm. Final analysis will include more than 30 000 individual
data pairs.

Results: Accuracy of the WaveForm CGM system on day 1
was a MARD of 14.5%, and a median MARD of 12.7%.
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DEVELOPMENT AND IN SILICO ASSESSMENT OF
A CGM-BASED APPROACH TO TRIGGER
ASSUMPTION OF HYPOTREATMENTS

N. Camerlingo1, M. Vettoretti1, G. Cappon1, S. Del Favero1,
A. Facchinetti1, G. Sparacino1

1University of Padova, Department of Information Engineering,
Padova, Italy

The standard protocol for hypoglycemia treatment recom-
mends diabetic patients taking small amounts of carbohydrates,
called hypotreatments, as soon as hypoglycemia is revealed. In
this work we propose a new CGM-based approach to suggest the
assumption of hypotreatments for mitigating/avoiding hypogly-
cemia.

The algorithm exploits the CGM datastream to forecast
imminent hypoglycemic events and suggests hypotreatment
ingestion. In particular, hypotreatment assumptions are trig-
gered when the dynamic risk (DR) function (Guerra et al.
Diabetes Technol. Ther., 2011) predicts a stable glucose level
of 70 mg/dl. Early hypotreatment assumptions are also sug-
gested when CGM values are below target glucose with rate-
of-change<-1 mg/dl/min. The method is compared with the
standard protocol by numerically evaluating the time in hy-
poglycemia (Thypo) and the post-treatment rebound (PTR) for
100 virtual patients undergoing a single-meal experiment, with
forced hypoglycemia, generated by the UVA/Padova T1D
simulator.

In an ideal, noise-free, scenario the algorithm reduces, on
average [5th-95th percentiles], Thypo (from 36 [13–56] to 0 [0–25]
min, p < 0.0001) without increasing PTR (from 136 [109–178] to
121 [108–141] mg/dl, p < 0.0001). Corrupting CGM traces with
measurement error, brings to a lower -but still statistical relevant-
improvement: Thypo decreases from 41 [0–71] to 25 [0–71] min
(p < 0.0001), PTR decreases from 176 [117–243] to 137 [109–
178] mg/dl (p < 0.0001).

The (known) sensitivity of DR to noise suggests to improve
the performance of the method in a realistic dataset with an
enlarged set of merit criteria. Once the robustness of the
proposed method is warranted, its applicability could be
considered in both insulin pump and multiple-daily-injections
therapies.
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PRE-PRANDIAL GLYCAEMIC LEVEL AND TREND
ASSOCIATIONS WITH POST-PRANDIAL
HYPERGLYCAEMIA: A WORLDWIDE
OBSERVATIONAL ANALYSIS

S. Jangam1, T. Dunn1, K. Covington1, T. Charlesworth1,
J. Lang1, G. Hayter1

1Abbott Diabetes Care, Research and Development,
Alameda, USA

Background and Aims: Flash Glucose Monitoring (Free-
Style LibreTM system) is associated with significant improve-
ment in glycaemic markers in the real-world. Due to increased
availability of data, specific patterns of glycaemia around meal-
time can be identified to help clinicians identify interventions to
reduce postprandial hyperglycaemia.

Method: De-identified data from 421,245 meals (breakfast,
lunch, dinner) from 14,864 users were analysed. Meals logged
with at least 20g carbohydrate and non-zero units of insulin
were included. Meals were divided into categories based on
pre-prandial glucose levels (<70mg/dL, 70-180mg/dL and
>180mg/dL) and glucose trends (Rising: >1mg/dL/min; Stable:
£1mg/dL/min; Falling: >1mg/dL/min). Metrics including me-
dian post-prandial peak glucose level, time below 70mg/dL, time
in range 70-180mg/dL and time above 180mg/dL were evaluated
4 hours post-meal.

Results: Meals with pre-prandial hyperglycaemia had higher
levels of postprandial hyperglycaemia (153 min post-meal or
64%) compared to euglycaemic meals (63 min or 26%). Similarly,
median peak glucose levels were higher in the hyperglycaemic
group (239 mg/dL) compared to euglycaemic group (162 mg/dL).
When pre-meal trend was rising, there was significantly more
hyperglycaemia in the pre-meal hypoglycaemic (56 min or 23%)
and euglycaemic groups (83 min or 35%) compared to stable pre-
meal glucose (38 min/16% and 62 min/26% respectively). Median
peak glucose values were also much higher when the trend was
rising.

Conclusions: There are significant differences in post-
prandial glucose excursions and peak times for different glucose
levels and rates of glucose change at meals. Flash glucose
monitoring can help identify pre-meal levels and trends which
can be used to adjust interventions to address post-prandial hy-
perglycaemia.
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FLASH GLUCOSE MONITORING IMPROVES
HYPOGLYCAEMIA AWARENESS AND REDUCES
FEAR OF HYPOGLYCAEMIA IN ADULT PATIENTS
WITH TYPE 1 DIABETES

A. Laurenzi1, C. Bongiorno2, A. Caretto1, M. Barrasso3,
L. Patti4, N. Dozio1, M. Scavini1, E. Bosi3

1San Raffaele Scientific Institute, Diabetes Research Institute,
Milan, Italy
2San Raffaele Scientific Institute, San Raffaele Universisty,
Milan, Italy
3San Raffaele Scientific Institute, Internal Medicine- Diabetes
and Endocrinology, Milan, Italy
4San Raffaele Scientific Institute, San Raffaele University,
Milan, Italy

Limited data are available on the effects of FGM use in patients
with T1DM in the real world settings. We evaluated HbA1c
changes, treatment satisfaction, awareness and fear of hypogly-
caemia in adult patients with T1DM starting FGM.

Forty-four adult patients with T1DM naive to FGM were asked
to complete validated questionnaires to assess awareness and fear
of hypoglycaemia (Gold, Clarke and HFS) and satisfaction for
diabetes treatment (DTSQs) before and after the first 8 weeks of
FGM use. We compared interstitial glucose data from the first and
last two weeks of FGM use and scores of questionnaires com-
pleted at the initial visit and after 8 weeks of FGM use.

Thirty-three of the 44 enrolled patients completed the study (25%
lost to follow-up), while 5 patients scanned less than recommended
and were, therefore, excluded from the analysis. Over the study
period we did not observe significant changes in estimated HbA1c,
mean daily glucose and glycaemic variability indices (SD, CV,
HBGI, LBGI), time below range (<70 mg/dL) and time in range (70–
180 mg/dL). A significant improvement of TIR was observed in
patients with diabetes duration <12 years (p = 0.037). Analysis of
questionnaires scores showed significant improvements of treatment
satisfaction (p = 0.0026), fear of hypoglycaemia (0.0145) and hy-
poglycaemia awareness (p = 0.0463 in Clarke scoore).

In adult patients with T1DM the use of FGM was associated
with an improvement of diabetes treatment satisfaction, hy-
polgycaemia awareness and a reduction in the fear of hypogly-
caemia. Our data support tailoring educational programs of adult
patients with T1DM starting FGM use.
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OBJECTIVELY MEASURED SLEEP VARIABILITY IS
ASSOCIATED WITH GLUCOSE, DIABETES DISTRESS
AND FEAR OF HYPOGLYCEMIA IN ADULTS WITH
TYPE 1 DIABETES

P. Martyn-Nemeth1, L. Quinn1, C. Park2, S. Reutrakul3

1University of Illinois at Chicago, Biobehavioral Health
Science, Chicago, USA
2University of Illinois at Chicago, Health Systems Science,
Chicago, USA
3University of Illinois at Chicago, Department of Medicine,
Chicago, USA

Sleep variability (variation in sleep duration) has been recog-
nized as a potential contributor of glycemic control in type 1 dia-
betes (T1D). Diabetes management and fear of hypoglycemia may
also contribute to sleep variability. The purpose of this secondary
analysis was to examine associations of sleep variability with
glycemic parameters using objective sleep and glucose measures.
We studied 30 non-shift-working T1D adults, aged 18–39 years
who wore actigraphy (BodyMedia SenseWear System�) and
continuous glucose monitors (Medtronic Ipro2�) for 7 consecutive
days. Sleep duration and variability (sleep duration standard de-
viation [SD]), mean daily glucose and glucose variability (glucose
SD) were derived. Glycemic control (A1C Now�), and question-
naires measuring fear of hypoglycemia, diabetes distress and de-
pression were obtained. Sleep duration ranged 5.1 – 10.9 hours per
night; and sleep variability 0.53 – 3.18 hours. The mean daily
glucose ranged 111 – 240 mg/dL; and glucose SD ranged 32 –
99 mg/dL). The bivariate analysis revealed that variability in sleep
duration was significantly associated with glucose variability
(r = .458, p = .011), mean daily glucose (r = .585, p = .001), diabetes
regimen distress (r = .600, p < .001) and fear of hypoglycemia
(r = .460, p = .011). A1C was not related to sleep duration. Multi-
variate linear regression, used to identify predictors of mean daily
glucose, revealed that sleep duration SD was a significant predictor
of mean daily glucose (b = .439, p = .028) Sleep variability may be
a modifiable factor to consider in improving glucose indices.
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ESTIMATION OF NHS SAVINGS THROUGH THE
INTRODUCTION OF REAL-TIME CONTINUOUS
GLUCOSE MONITORING FOR PREGNANT WOMEN
WITH TYPE 1 DIABETES

H. Murphy1, D. Feig2, J. Sanchez3, S. De Portu4, A. Sale5

1University of East Anglia, Medical School, Norwich,
United Kingdom
2Lunenfeld- Tanenbaum Research Institute and University of
Toronto, Medicine, Toronto, Canada
3Sunnybrook Research Institute, Medicine, Toronto-
Ontario, Canada
4Medtronic, Market Access, Tolochenza, Switzerland
5Medtronic, Health Economics, London, United Kingdom

Objective: To determine the budgetary impact of using real-
time continuous glucose monitoring (CGM) for improved glucose
control in pregnant women with Type 1 diabetes (T1D) in England.

Methods: A budget impact model was developed to calculate
the expected costs over 28 weeks (10-38 weeks gestation) in T1D
pregnancy with and without CGM, from the National Health Ser-
vice (NHS) payer perspective. Clinical data relating to obstetric
and neonatal complications (preeclampsia and neonatal intensive
care unit (NICU) admissions) was sourced from a multicenter
randomized controlled trial (CONCEPTT). Cost data was derived
from National Tariff 2018/19, published literature and Medtronic
list prices. The epidemiological data was based on National
Pregnancy in Diabetes Audit 2016 and 1,519 T1D pregnant women
were modeled.

Results: A potential cost saving of £10,077,958 over one year
was projected if all T1D pregnant women used CGM during
pregnancy, compared with no CGM use. NICU 24-hour admis-
sion cost (£3743) and average (NICU) length of stay (9.1 vs 6.6
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days with vs. without CGM) were the main contributors to off-
setting the cost of CGM. Sensitivity analyses on numerous pa-
rameters (percentage of complicated deliveries, 24-hour NICU
admission cost, number of capillary glucose strips used, and
length of hospital stay (non NICU)) confirmed the results were
consistently robust with the CGM cohort showing cost savings in
every scenario.

Conclusions: Implementation of CGM across T1D pregnant
women in England has the potential to significantly reduce de-
livery complications, NICU admissions and length of stay,
leading to important savings to the NHS within the first year.
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CONTINUOUS GLUCOSE MONITORING IN PEOPLE
WITHOUT DIABETES AFTER PRE-DEFINED MEALS
AND DURING DAILY LIFE

S. Pleus1, A. Baumstark1, D. Waldenmaier1, M. Link1,
S. Ulbrich1, C. Haug1, G. Freckmann1

1Institut für Diabetes-Technologie Forschungs- und
Entwicklungsgesellschaft mbH an der Universität Ulm, n.a.,
Ulm, Germany

Background: Continuous glucose monitoring (CGM) is in-
creasingly often used in diabetes management for tight glycemic

control. However, diabetes therapy goals have to be realistic, i.e.,
they should be based on what is ‘‘normal’’ in people without
diabetes.

Methods: In this study, 36 adults without diabetes (mean age
23.5 years) used two FreeStyle Libre sensors in parallel. On two
days (days 4 and 5 of the 14-day sensor life), subjects were served
two pre-defined meals with either low (LGI) or high glycemic
index (HGI) at the study site. Subjects ate LGI meal for breakfast
and HGI meal for lunch on one day, and vice versa on the other
day. Dinner was selected from a buffet. On days 6 and 7, subjects
only consumed three major meals at specific times and followed
their daily-life activities.

Results: The figure shows median glucose (bold line) and 5%/
95% quantiles (dashed lines). Median fasting glucose was ap-
proximately 80 to 100 mg/dl.

Highest glucose concentrations were observed after HGI
lunch with the 95% quantiles exceeding 200 mg/dl (plot B). Post-
prandial peaks after LGI breakfast were nearly absent in contrast
to LGI lunch.

In the daily-life setting (plot C), glucose spikes were less
pronounced than after HGI meals, but in some cases consider-
able increases (median: 125 mg/dl, 95% quantile: 165 mg/dl)
were observed.

Conclusions: Glucose concentrations in people without dia-
betes showed post-prandial increases depending on the specific
meal composition. Considerable glucose fluctuations were also
observed in people without diabetes under daily-life conditions.
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LITERATURE SEARCH ABOUT THE
DOCUMENTATION OF SKIN-RELATED ISSUES
WITH CGM USE

S. Ulbrich1, S. Pleus1, C. Haug1, G. Freckmann1

1Institut für Diabetes-Technologie Forschungs- und
Entwicklungsgesellschaft mbH an der Universtität Ulm, n/a,
Ulm, Germany

Background and Aims: The average wear time of CGM
systems steadily increased over the last years. Increased wear
times are likely achieved by using stronger adhesives, which may
have a stronger effect on the skin than less strong adhesives.
Thus, an increase in skin-related issues associated with CGM use
may be observed.

The objective of this project was to perform a structured lit-
erature search to assess how potential skin-related issues with
CGM usage are reported in the scientific literature.

Method: The PubMed database was searched for articles
about continuous or flash glucose monitoring in association with
the term ‘‘adverse’’ and tagged with the MeSH term ‘‘human’’,
published within the last 5 years in English language.

After exclusions, due to not suitable article type or content,
154 results were further analyzed.

Results: The number of studies (differentiated between the
study objective) mentioning occurrences of skin-related issues is
presented in the table.

In 8 articles it was explicitly stated that no skin-related issues
were observed. The most common skin-related issues were
bruising, bleeding, erythema, hypersensitivity, itching, and pain.
No skin-related issue was classified as serious adverse event.
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Conclusion: Considering all studies, approximately 15% of
articles mentioned occurrences of skin-related issues at all. Of
these, the percentage was substantially larger (approximately 30%
(15 of 51)) for articles, in which CGM was the study’s main topic.

More detailed reports about skin-related issues in scientific
literature may be helpful to draw possible conclusions about the
occurrence of skin-related issues during CGM use.
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FEASIBILITY AND ACCEPTABILITY OF
CONTINUOUS GLUCOSE MONITORING IN OLDER
PATIENTS LIVING WITH MEMORY PROBLEMS AND
DIABETES – PRELIMINARY RESULTS

K. Mattishent1, K. Lane1, C. Salter1, K. Dhatariya2, H. May3,
S. Neupane2, Y. Loke1

1University of East Anglia, Norwich Medical School, Norwich,
United Kingdom
2Norfolk and Norwich University Hospital Foundation Trust,
Diabetes and Endocrinology, Norwich, United Kingdom
3Norfolk and Norwich University Hospital Foundation Trust,
Older People’s Medicine, Norwich, United Kingdom

Introduction: Older people with diabetes have increased risk of
harm from hypoglycaemia, particularly where there is co-existing
dementia. Continuous glucose monitoring (CGM) offers important
benefits but has not been trialled in those with memory problems.
We conducted a feasibility study of Freestyle Libre in the com-
munity with older patients with memory problems and diabetes.

Methods: We recruited patients aged ‡65 with diabetes and
abbreviated mental test score (AMT) £8 or known dementia. Fea-
sibility criteria were numbers of eligible patients, recruitment, at-
trition, extent of capture of glucose readings and adverse events. We
conducted a qualitative interview regarding acceptability of CGM.

Results: We identified 39 eligible participants; 15 subsequently
consented but five withdrew before recording of data because they,
or their carers felt unable to manage study monitoring and proce-
dures. 10 participants (median age 82 years) completed the study
without any adverse events. Data capture across 14 days ranged
between 3-92% (median 62%); 4 participants had <60% capture.
Hypoglycaemic events (some prolonged) were recorded in 4/10
participants, principally insulin-users.

Qualitative interviews found the following themes:

1. The device does not interfere with daily activities.
2. Usability and comfort was positive.
3. Helpful for carers in monitoring participants’ glucose

concentration.

Conclusions: The device was acceptable to participants, and
carers reported greater ease in monitoring the participant’s glucose

concentrations. However, completeness of data capture varied
considerably with this device due to need for three daily scans.
Real-Time devices with automated data transfer may be more
suitable for older patients with diabetes and memory problems.
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ASSESSING MEASURES OF GLYCEMIC VARIABILITY
TO DETERMINE THE BEST METRIC TO PREDICT
THE RISK OF HYPOGLYCEMIA IN TYPE 1 DIABETES
PATIENTS USING CONTINOUS GLUCOSE
MONITORING

A.M. Gomez1, D. Henao1, A. Imitola1, L. Taboada2, V. Cruz3,
M.A. Robledo4, O.M. Muñoz5, M. Garcia Jaramillo6, F. Leon7

1Hospital Universitario San Ignacio, Endocrinology,
Bogotá, Colombia
2Hospital Universitaro San Ignacio, Endocrinology,
Bogotá, Colombia
3Pontificia Universidad Javeriana, Medicine, Faculty of
Medicine, Colombia
4Pontificia Universidad Javeriana, Faculty of medicine,
Bogotá, Colombia
5Hospital Universitario San Ignacio, Internal Medicine,
Bogotá, Colombia
6Universidad EAN, engineering, Bogota, Colombia
7Universidad Antonio Nariño, engineering, Bogota, Colombia

Background: 2017 International consensus on use of CGM
recommends coefficient of variation (CV) as the primary mea-
sure of glycemic variability (GV) with a cutoff threshold of 36%.
Recently, we reported that CV had the highest association with
hypoglycemia in T2D patients with an AUC of 0.84 (95% CI
0.77-0.91). However, there is a lack of evidence supporting the
use of one particular measure of GV in T1D patients as a pre-
dictor of hypoglycemia.

Objective: To assess different measures of GV to determine
the metric that best discriminate the risk of hypoglycemia and to
define the optimal cutoff threshold in T1DM patients

Methods: A cohort of T1DM patients was evaluated using
CGM. Rate of incidence and number of events of hypoglycemia
<54 mg/dL were calculated. Univariate and multivariate analysis
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of different metrics of GV was performed and optimal cutoff
thresholds were determined from analysis of the ROC curves.

Results: CGM data from 73 patients were analyzed. Hy-
poglycemia <54 mg/dL was present in 34 (46,6%) patients with
128 events (3,76 events per patient), incidence rate of 1.75 events
per patient/day. In the multivariate analysis, CV was the only
parameter of GV that had statistically significant association with
hypoglycemia RR 1.45 (1.1–1.87) p 0.008. The optimal cutoff
threshold of CV to discriminate the risk of hypoglycemia was
34%. The AUC was 0.90 (95%CI: 0.86–0.98).

Conclusion: This analysis shows that CV with a cutoff
threshold of 34% is the best metric of GV associated to risk of
hypoglycemia in T1D patients.
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CLINICAL VARIABLES VS GLYCEMIC VARIABILITY
AS A RISK FACTOR OF HYPOGLYCEMIA IN
PATIENTS WITH TYPE 1 DIABETES

A.M. Gomez1, D. Henao1, A. Imitola1, L. Taboada1,
M.A. Robledo2, V. Cruz2, O.M. Muñoz3, M. Garcı́a Jaramillo4,
F. Leon5

1Hospital Universitario San Ignacio, Endocrinology,
Bogotá, Colombia
2Pontificia Universidad Javeriana, Faculty of medicine,
Bogotá, Colombia
3Hospital Universitario San Ignacio, Internal Medicine
Department, Bogotá, Colombia
4Universidad EAN, engineering, Bogotá, Colombia
5Universidad Antonio Nariño, engineering, Bogota, Colombia

Background: Different clinical variables have been associ-
ated to the risk of hypoglycemia in patients with type 1 diabetes
(T1D). Glycemic Variability (GV) appears to be a stronger
predictor of hypoglycemia.

Objective: To determine clinical variables and glycemic
variability indexes measured by continuous glucose monitoring
(CGM) associated with hypoglycemia in patients with T1D.

Methods: A cohort of T1D patients in ambulatory setting was
evaluated. Demographic variables, A1c, glomerular filtration
rate and physical activity were assessed. Rate of incidence and
number events <54 mg/dl were estimated. Univariate and mul-
tivariate analysis of clinical variables and metrics of GV were
performed to determine the association with hypoglycemia.

Results: CGM data from 73 patients were analyzed. Hy-
poglycemia <54 mg/dL was present in 34 patients (46.5%) with
128 events in total (3,76 events per patient), incidence rate of 1.75
events per patient/day. In the univariate analysis, time since di-
agnosis in years (RR 1.02 95% CI 1.02–1.04, p 0.04) and hypo-
glycemia unawareness (RR 1.59 IC95% 1.0 – 2.36, p 0.05) were
associated with hypoglycemia. However, in the multivariate
analysis, none of the clinical variables showed a significative
statistically association with hypoglycemia. Only GV measured
with coefficient of variation (CV) showed statistically association
with hypoglycemia (RR 1.45 IC95% 1.1–1.87, p 0.008) in the
multivariate analysis.

Conclusion: In this study, clinical variables were not associ-
ated to the presence of hypoglycemia <54 mg/dL. CV was the
only risk factor associated with hypoglycemia. This finding re-
inforces the clinical importance of CGM in patients with T1D.
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GLUCOSE VARIABILITY BASED ON 50,000 DAYS OF
CONTINUOUS GLUCOSE MONITORING: A DPV
ANALYSIS IN 2,093 PEDIATRIC AND ADULT
PATIENTS WITH TYPE 1 DIABETES

J. Hermann1,2, L. Feldhahn3, T. Biester4, D. Sandig5,
U. Schierloh6, R. Holl1,2

1University of Ulm, Institute of Epidemiology and Medical
Biometry- ZIBMT, Ulm, Germany
2German Center for Diabetes Research DZD, German Center
for Diabetes Research DZD, Munich-Neuherberg, Germany
3Children’s Hospital Böblingen, Pediatric Endocrinology and
Diabetology, Böblingen, Germany
4Diabetes Center for Children and Adolescents, auf der Bult,
Hannover, Germany
5Hospital zum Heiligen Geist Kempen, Akademisches
Lehrkrankenhaus- Heinrich Heine University Düsseldorf,
Kempen, Germany
6Centre Hospitalier de Luxembourg, Clinque Pédiatrique,
Luxembourg, Luxembourg

Objectives: To assess glucose variability based on continuous
glucose monitoring (CGM) using different metrics in pediatric
and adult patients with type 1 diabetes (T1D).
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Methods: 50,200 days of CGM profiles (the most recent up to
30 days per patient) from N = 2093 patients with T1D duration
‡1 year documented in the German/Austrian/Luxembourgian
DPV database were analysed. Metrics for short-term within-day
glucose variablility (standard deviation (SD), coefficient of
variation (CV)) and the average daily risk range (ADRR), which
is a composite of within-day and between-day glucose variabil-
ity, were compared between age groups (<12 years: N = 773, 12–
<18 years: N = 1095, ‡18 years: N = 225) and between gender
using Kruskal-Wallis tests. In addition, interquartile range for
averaged glycemic profiles (IQR for AGP) and percentage of
time in range (TIR, 70-180 mg/dl) were assessed.

Results: Overall, 53% of the patients were male, and 69% used
insulin pumps. Mean HbA1c was 7.5 – 1.2% (59 – 13 mmol/mol).
31%/69% of the patients used real-time/intermittent scanning
CGM.

Average TIR was lowest in adolescents aged 12-<18 years
(45%) compared with children aged <12 years and adults (51%
and 50%, respectively, both p < 0.001). Glucose variability was
comparable in children and adults, but higher in adolescents
(Figure). Gender comparisons revealed lower average TIR and
higher glucose variability in males than in females (TIR: 47 vs.
49%, IQR: 108 vs. 103 mg/dl, ADRR: 57.8 vs. 55.3, all p < 0.005).

Conclusions: Glucose variability assessed using CGM data
was higher during adolescence and higher in males than in fe-
males. CGM data may help to understand the potential clinical
relevance of glucose variability.
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YOUNG CHILDREN WITH TYPE 1 DIABETES (T1D)
SPEND THE MAJORITY OF TIME OUTSIDE OF
TARGET GLUCOSE RANGE

K. Miller1, L. Kanapka1, L. Laffel2, M. Hilliard3, D. DeSalvo4,
K. Harrington5, M. Van Name6, S. Woerner7, W. Tamborlane6,
L. DiMeglio7

1Jaeb Center for Health Research, SENCE Study, Tampa, USA
2Josilin Diabetes Center- Harvard Medical School, Pediatric
and Adolescent Section, Boston, USA
3Baylor College of Medicine, Pediatrics-Pyschology,
Houston, USA
4Baylor College of Medicine, Pediatric Diabetes and
Endocrinology, Houston, USA
5Joslin Diabetes Center- Harvard Medical School, Behavioral
and Mental Health, Boston, USA
6Yale School of Medicine, Pediatric Endocrinology and
Diabetes, New Haven, USA
7Indiana University School of Medicine, Pediatric
Endocrinology, Indianapolis, USA

Objectives: There are limited data on sensor glucose profiles
in youth under age 8 with T1D. We analyzed blinded continuous
glucose monitoring (CGM) data collected at baseline from a
randomized trial evaluating CGM in young children.

Methods: Data were analyzed from 143 children across 14
sites in the USA. Major eligibility criteria for the trial included
age 2–<8 yrs, T1D duration ‡3 months, no CGM use in the
previous 30 days and A1c between 7.0–<10.0%.(53–<86 mmol/
mol) All participants wore blinded Dexcom G4 CGMs (505 al-

gorithm) for up to 14 days and collected at least 200 hours of
CGM data. Demographic and clinical characteristic associations
with CGM-measured glucose values were assessed using linear
regression models.

Results: Participants were 50% male, median age 5.9 yrs,
median T1D duration 1.9 yrs, 68% non-Hispanic white, and 35%
used insulin pumps. Mean A1c was 8.2% (66 mmol/mol) and
mean sensor glucose 202 mg/dL (11.2 mmol/mol). Youth spent
more time in hyperglycemia than in the target glucose range, and
a median of 1 hr/day in a hypoglycemic range (Table). Factors
associated with greater time in target range and less time in
hyperglycemia included minority race and higher parent educa-
tion level (P £ 0.03 for all). More time spent in hypoglycemia was
associated with minority race and younger age at diagnosis
(P £ 0.02 for both). Insulin delivery method was not associated
with any of the metrics.

Conclusions: Given that both hypo and hyperglycemia may
negatively impact young children’s cognitive development,
strategies to increase time in target glucose range are needed.
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AMBULATORY GLUCOSE PROFILING AND
GLYCAEMIC OUTCOMES WHEN SWITCHING
FLASH TO CONTINUOUS GLUCOSE MONITORING:
THE I-HART CGM STUDY

P. Avari1, V. Moscardo2, N. Jugnee1, M. Reddy1, N. Oliver1

1Imperial College London, Department of Diabetes and
Endocrinology, London, United Kingdom
2Universitat Politècnica de València, Department of
Engineering, Valencia, Spain

Background: The I-HART CGM Study was the first head-to-
head glucose monitoring study designed to assess impact of flash
and continuous glucose monitoring (CGM) in highest risk adults
with type 1 diabetes. In this sub-analysis, we present ambulatory
glucose profiles and glycaemic outcome measures specifically
focusing on the time of switch from flash to CGM.

Methods: Randomized, parallel group study with forty par-
ticipants on multiple daily injections with a Gold Score ‡4 or
recent severe hypoglycaemia. Participants were randomized to
CGM (DexcomG5; n = 20) or flash (Freestyle Libre; n = 20) for
8-weeks. An open extension phase enabled participants on CGM
to continue for a further 8 weeks, and those on flash to switch to
CGM over this period. Outcomes were analyzed for the week
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before and after the switch (i.e. week 8 versus week 9 in the flash
group).

Results: CGM was associated with reduced percentage time
in hypoglycaemia (thresholds <54mg/dL and <70mg/dL, after
switching from flash the week before. No difference was observed
for percentage time in hyperglycaemia (CBG >180mg/dL) and
percentage time in range (70–180mg/dL; Table 1). Additional
ambulatory glucose profiles were analysed one week pre- and
post- switching to CGM. The most marked period of reduction in
percentage time in hypoglycaemia occurs nocturnally.

Conclusions: Our results indicate reduced time in hypogly-
caemia occurs within a single week of CGM use, particularly
addressing nocturnal hypoglycaemia. The data supports our
previous findings and highlights the importance of ensuring the
most appropriate glucose monitoring technique is selected for
individuals at highest risk of diabetes.
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REAL-TIME CONTINUOUS GLUCOSE MONITORING
IN PATIENTS WITH TYPE 1 DIABETES TREATED
WITH MULTIPLE DAILY INJECTIONS

L. Lázaro Martı́n1, C. Garcı́a Lobato1, F. Gallego Gamero1,
P.I. Beato Vı́bora1, E. Gil Poch2, F.J. Arroyo Dı́ez2

1Médico, Endocrinology and nutrition, Badajoz, Spain
2Médico, Pediatrics, Badajoz, Spain

Aims: The aim was to analyze the effectiveness of Real-Time
Continuous Glucose Monitoring (RT-CGM) in glycemic control
in patients with type 1 diabetes (T1D), children and adults,
treated with multiple daily injections of insulin (MDI) in real-
world use.

Methods: We retrospectively analyzed data of all patients
with T1D in follow-up in the University Hospital of Badajoz who
received treatment with MDI and used RT-MCG. Age, sex, time
of evolution of diabetes, daily insulin dose, type of basal insulin
administered, MCG device used and duration of use of RT-GCM
were evaluated. HbA1c was compared before the start of the RT-
CGM and at the end of the follow-up.

Results: 98 patients were evaluated, mean age was 34 – 19
years, 29% children, with an evolution time of diabetes of 14 – 12
years. 89% used Dexcom� system and 11% Medtronic’s Guar-
dian�. The daily insulin dose was 0.7 – 0.3 U/kg and the basal
insulins used were Glargine U100(32%), Degludec(34%), Glar-
gine U300(14%), Levemir(6%) and NPH(1%).

Main duration of RT-CGM use was 9 months [4–24]. 8 pa-
tients started an integrated pump-sensor system after 7 months
[5–14] of MCG use; only 3 patients stopped using the RT-CGM
for lack of improvement.

The percentage of patients with good glycemic control
(HbA1c £7% in adults and £7.5% in children) grew from 48% to
60% (p = 0.001, n = 73) at the end of follow-up.

Conclusion: The use of RT-CGM in T1D patients treated with
MDI provides sustained positive results in terms of improvement
of the glycemic control with a low dropout rate.
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FLOW-CHART TO PREVENT HYPOGLYCEMIA AND
HYPERGLYCEMIA IN ADOLESCENTS WITH TYPE 1
DIABETES USING STANDALONE CONTINUOUS
GLUCOSE MONITORING WITH PREDICTIVE
ALARMS: 1-YEAR FOLLOW-UP DATA

A. Scaramuzza1, I. Rabbone2, D. Tinti2, M. Marigliano3,
C. Arnaldi4, E. Mozzillo5, N. Minuto6, C. Bonura7,
A.P. Frongia8, F. Lombardo9, E. Piccinno10, B. Piccini11,
L. Lenzi11, R. Schiaffini12, C. Ventrici9, A. Lonero10,
C. Maffeis3, N. Rapini13, G. d’Annunzio6, R. Bonfanti7

1ASST Cremona Hospital, Pediatrics, Cremona, Italy
2University of Turin, Pediatrics, Turin, Italy
3University of Verona, Pediatrics, Verona, Italy
4ASL Viterbo, UOS Diabetologia Pediatrica, Viterbo, Italy
5Second University of Naples, Pediatric Diabetology,
Naples, Italy
6Giannina Gaslini Institute, Pediatric Diabetes, Genova, Italy
7San Raffaele Hospital, Pediatric Diabetology, Milano, Italy
8Brotzu Hospital, Pediatric Diabetes, Cagliari, Italy
9University of Messina, Pediatrics, Messina, Italy
10Hospital Giovanni XXIII, Pediatrics, Bari, Italy
11Meyer Hospital, Pediatric Diabetology, Florence, Italy
12Bambin Gesù Hospital, Pediatric Diabetes, Rome, Italy
13Bambin Gesù Hospital, Pediatric Diabetes, Rome, Italy

Introduction: Our aim was to determine the efficacy of a
specific-designed flow-charts to limit hypo and hyper in 32 ad-
olescents with type 1 diabetes using MDI plus Guardian Connect
(Medtronic, US), under free-living conditions.

Methods: Predictive alarm (PA) system safety and efficacy
were evaluated by analyzing CareLink data either during a 4-day
camp, after 4 days at home, and after 1-year follow-up. Mean
meter BGs,mean sensor glucose, sensor SD, %time in hypo (<
3.9 mmol/l), %time in hyper (>8.9 mmol/l),episodes of severe
hypo or DKA have been analyzed. The primary outcome was the
%time for hypo and hyper.

Results: We analyzed 32 patients (mean age 15.7 – 1.5 yrs,
diabetes duration 8 – 4 yrs, HbA1c 7.8 – 1.2%). The average BGs
was 10.3 – 1.4 mmol/l, while average sensor glucose was
10.1 – 1.3 mmol/l, with slightly lower values during camp than at
home (p = 0.000) Time spent in hypo was similar at camp and at
home (0.53 – 0.83% vs 0.40 – 0.67, p = 0.033), as well as time
spent over 10 mmol/l (27.12 – 14.91% vs 33.42 – 16.34,
p = 0.000). After 6 months since camp, 49% of adolescents were
still using glucose sensor daily, with %time in target 58%, while
after 1 year 47% of teens were using glucose sensor daily with
%time in target 52%.
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Conclusions: PA system in adolescents with type 1 diabetes
was safe and effective, the use of the flow-charts contributed to
reduce time spent in hyper. Correcting a glucose value before it
reaches a hypoglycemic threshold with one third of glucose
amount usually used is effective to prevent hypo and limit hy-
perglycemic excursion after correction.
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MEASURING GLUCOSE IN TEAR FLUID: A
FEASIBILITY STUDY IN HUMANS WITH DIABETES

P. Geelhoed-Duijvestijn1, A. Kownacka2, V. Dovile3,
J. Maurits4, W. Christopher3

1Haaglanden Medical Centre, Internal Medicine, The Hague,
The Netherlands
2Noviosense, Research, Nijmegen, The Netherlands
3Noviosense BV, Research, Nijmegen, The Netherlands
4Haaglanden Medical Centre, Ophthalmology, The Hague,
The Netherlands

Introduction: Current monitoring methods for glucose are
invasive, painful and expensive. We report the clinical feasibility
of a glucose sensor worn in the lower eye lid to continuously
measure glucose levels in basal tear fluid and their correlation to
blood glucose values.

Patients and Methods: In this second phase clinical trial, six
patients with TD1 using CGM subcutaneously were enrolled and
capability of the device to measure glucose in the tear fluid was
evaluated for 5 hours. The ARD and median ARD were calcu-
lated and compared to subcutaneously and capillary glucose
measurements which were performed every 15 minutes. Side
effects and patient satisfaction were monitored.

Results: The NovioSense glucose sensor gives a stable signal
and the results correlate well to blood- and subcutaneous glucose
values obtained from finger prick measurements and CGM. No
side-affects. he error grid analysis showed that 95% of data for
NovioSense and 100% of data from the Abbott device was found
in the A + B regions; 70% of the data for the NovioSense device
was in the A region and 71% for the Abbott FreeStyle Libre. The
calculated MedARD for NovioSense device is 12.5 which ap-
pears to be in line with the Abbott FreeStyle Libre. The Novio-
Sense device could measure 70% of the data points within the
20% accuracy criteria with the Abbott device scoring only
marginally better with 78% of data within 20% accuracy.

Conclusion: we present the first multi-patient clinical trial
that demonstrates unequivocally that tear fluid is a valuable
marker for the systemic glucose measurements.
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A SYDNEY DIABETES CENTRE’S EXPERIENCE OF
THE AUSTRALIAN GOVERNMENT ROLL OUT OF
SUBSIDISED CONTINUOUS GLUCOSE MONITORING
FOR CHILDREN WITH TYPE 1 DIABETES MELLITUS

J. Sandy1, O. Nyunt1, H. Woodhead1, L.S. Youde1, K. Ramjan1,
M. Jack1, L. Lim1, M. Shepherd1, A. Marshall1, N. Townsend1,
S. Wilson1, S.A. Duke2, E. Slavich3, S. Hameed1,4

1Royal North Shore Hospital- St Leonards, Department of
Paediatric Diabetes and Endocrinology, Sydney, Australia
2Royal North Shore Hospital- St Leonards, Department of
Diabetes and Endocrinology, Sydney, Australia
3University of New South Wales, Statistics, Sydney, Australia
4University of New South Wales, Faculty of Medicine- School of
Women’s and Children’s Health, Sydney, Australia

Aims:

1. Determine patient/carer expectations of continuous
glucose monitoring (CGM) and short-term satisfac-
tion after CGM government subsidy roll out.
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2. Assess the efficacy of CGM in improving:
a) Fear of hypoglycaemia
b) Glycaemic control (HbA1c, ketosis, hypoglycaemia)

3. Determine time requirements of diabetes clinic staff in
commencing and administering CGM.

Methods: We assessed CGM naı̈ve patients starting on CGM
at a Sydney Diabetes centre following the introduction of a na-
tionwide government subsidy for CGM. A standardized ques-
tionnaire was administered collecting demographic and
glycaemic information in addition to Likert scale assessment of
expectations and satisfaction. Clinic staff reported time dedi-
cated to CGM education, commencement, and follow-up.

Results: 55 patients or parents/carers completed baseline
questionnaires, with 37 completing a 3-month follow-up ques-
tionnaire. There were high expectations of CGM prior to com-
mencement, and high satisfaction ratings on follow-up. CGM
improved fear of hypoglycaemia and total daily insulin dose
increased after commencement of CGM. There was a trend to-
wards lower HbA1c that was not statistically significant. There
was no statistically significant reduction in ketosis or hypogly-
caemia. Comments were mostly positive, with some concern
raised regarding technical issues and a lack of subsidy after 21
years of age. Staff time requirements were substantial, with an
estimated average of 7.7 hours per patient per year.

Conclusions: Patients and families have high expectations of
CGM and satisfaction levels are high in the short term. Total
insulin delivery increased after CGM commencement and fear of
hypoglycaemia decreased. Time requirements by staff are sub-
stantial, but may be worthwhile if families’ overall satisfaction
levels are high.
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FREESTYLE LIBRE FLASH GLUCOSE MONITORING
SYSTEM USE IN YOUNGER PATIENTS WITH
DIABETES UNDER REAL LIFE SETTINGS:
REDUCTION IN HBA1C AND HYPOGLYCAEMIC
EXPOSURE

F. Campbell1, K. Astin Astin2, E. Dymond2, S. Trentham2,
T. Ajjan3, R. Ajjan4

1Leeds Children’s Hospital, Department of Paediatric Diabetes,
Leeds, United Kingdom
2Leeds Childrens Hospital, Department of Paediatric Diabetes,
Leeds, United Kingdom
3Leeds Teaching Hospitals NHS Trust, Department of
Endocrinology and Diabetes, Leeds, United Kingdom
4Leeds Teaching Hospitals NHS Trust Teaching Hospitals NHS
Trust, Department of Endocrinology and Diabetes, Leeds,
United Kingdom

Aims: Early glycaemic control is important to reduce long-
term diabetes complications. In this single centre study, we
analysed the role of Freestyle Libre Flash Glucose Monitoring
System in modulating glycaemic control in younger patients with
type 1 diabetes (T1D)

Methods: Children and young adults with T1D aged between
4 and 19 years were started on the Freestyle Libre Flash Glucose
Monitoring System due to difficulties with glycaemic manage-
ment, including inadequate glucose control despite regular self-

monitoring of blood glucose (SMBG), inability to perform
SMBG, frequent hypoglycaemia or fear of hypoglycaemia
without complete loss of awareness. HbA1c was measured at
baseline, 3 and 6 monthsand data on hypoglycaemic exposure
was collected.

Results: Complete glycaemic data were available in 102 pa-
tients followed up for a minimum of 6 months. Baseline HbA1c
(mean – SD) was 70.1 – 19.6 mmol/mol dropping to 66.3 –
19.5 mmol/mol at 3 months (p = 0.003) and remaining stable at 6
months at 65.7 – 18.7 mmol/mol. Hypoglycaemic exposure re-
duced from 8.4 – 7.5% at baseline to 6.3 – 5.2% at 3 months
(p = 0.009). The reduction in hypoglycaemia was unaffected by
gender but was most pronounced in those younger than 13 years
of age. The reduction in hypoglycaemia was similar in those with
baseline HbA1c <60 mmol/mol and those with baseline HbA1c
between 60–90 mmol/mol.

Conclusions: Under real life settings, Freestyle Libre use in
children and young adults with T1D is associated with a signif-
icant reduction in HbA1c and hypoglycaemic exposure. The
reduction in hypoglycaemia in those with poor glycaemic control
indicates that this glucose monitoring strategy is beneficial to
decrease hypoglycaemic exposure regardless of starting HbA1c.
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INTERSTITIAL GLUCOSE MONITORING IN
PATIENTS WITHOUT KNOWN DIABETES MELLITUS
WITH HEMATOLOGIC MALIGNANCIES AND
SUBMITTED TO CORTICOSTEROIDS DURING
CHEMOTHERAPY (LIBREONCO STUDY)

P. Cukier1, M.T.K. Toyoshima1, A.B.C. de Souza1,
D.P. de Azevedo2, L.C.R. Nunes2, A.A.O. Hoff2, M. Nery1

1HCFMUSP, Endocrinology, Sao Paulo, Brazil
2ICESP, Endocrinology, Sao Paulo, Brazil

Glucocorticoids (GC) are widely used in the treatment of
hematologic malignancies. GC are the main cause of drug-
induced hyperglycemia, even in patients without known DM.

Few data in the literature has described the behavior of gly-
cemia in cancer patients without DM and on GC during che-
motherapy.

A prospective study using FreeStyle Libre Monitoring System
(FSL) (Abbott�) was performed in 18 patients without DM and
on GC use associated with chemotherapy for hematologic ma-
lignancies. 61% were men and mean age of the patients was
51.1 – 16.5 years old. The mean interstitial glucose (IG) was
110 – 26.5mg/dL, during 12 days of monitoring. The IG didn’t
have correlation with age (p = 0.32), gender (p = 0.99), nor over
the days after initial chemotherapy (p = 0.94).

The mean dose of GC during chemotherapy cycle was
753 – 533mg of prednisone or equivalent, used in 5.8 – 1.79 days.
10 patients used dexamethasone and 8 used prednisone. In
prednisone group (PG) the IG was 106 – 23mg/dL and in dexa-
methasone group (DG) was 114 – 31mg/dL, however, after ad-
justment by dose, there was not significant association between
IG and GC type (p = 0.58).

Moderate correlation was observed between average IG and
the total dose of GC in the chemotherapy cycle (r = 0.52,
p = 0.027). The risk of development of hyperglycemia
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(IG >200mg/dL) doubled if the dose was greater than 500mg of
prednisone or equivalent, whose sensitivity is 91% to predict
hyperglycemia.

Conclusions: Higher total doses of GCs (>500mg predni-
sone or equivalent) during chemotherapy increase the risk
of hyperglycemia in patients without diabetes. Therefore,
greater attention should be paid to glycemic control in this
population.
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USER EXPERIENCE WITH A NEW SMARTPHONE
APPLICATION FOR BLOOD GLUCOSE MONITORING
(BGM) IN AN INFORMATION-MOTIVATION-
BEHAVIORAL SKILLS (IMB) MODEL STUDY

W. Fisher1, A. Stuhr2, J. Wallace3, S. Zhuplatov3, T.S. Bailey4,
S. Pardo3

1University of Western Ontario, Department of Psychology-
Department of Obstetrics and Gynecology, London, Canada
2Ascensia Diabetes Care, Global Medical Affairs,
Parsippany, USA
3Ascensia Diabetes Care, Global Clinical Affairs,
Parsippany, USA
4Advanced Metabolic Care and Research Institute Inc., Office
of the CEO, Escondido, USA

The CONTOUR�NEXT ONE BGM system (BGMS) in-
cludes a wireless-enabled BG meter that links to the CON-
TOUR�Diabetes app installed on a mobile device. The system,
based on the IMB model, detects and reports patterns of BG
readings and provides guidance for self-management. The IMB
model emphasizes the need for actionable information, motiva-
tion to act, and behavioral skills for acting effectively, to
strengthen self-management of diabetes. This 6-week study with
46 insulin-using individuals with diabetes assessed the BGMS
with the CONTOUR�Diabetes app Version 2 Prototype. Parti-
cipant appraisal of the BGM/app system was positive on multiple
dimensions (Table 1). Participants strongly agreed/agreed that
using this BGM/app system provided them with a better under-
standing of their disease (98%), helped them feel more engaged
with their diabetes management program (91%), they felt more
motivated to adhere to their health care provider’s therapy and
testing recommendations (76%), that the ‘‘My Patterns’’ pattern
recognition feature was helpful in managing their diabetes
(73%), and that they found themselves testing more frequently
throughout the day (56%).
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CHANGES IN BLOOD GLUCOSE EXCURSIONS AFTER
AT LEAST 180 DAYS REAL WORLD USE OF A NEW
SMARTPHONE APPLICATION FOR BLOOD GLUCOSE
MONITORING

S. Pardo1, A. Gupta2, A. Stuhr3

1Ascensia Diabetes Care, Global Clinical Affairs,
Parsippany, USA
2Belcan, Data Integration and Analytics- Research and
Development, Valhalla, USA
3Ascensia Diabetes Care, Global Medical Affairs,
Parsippany, USA

Background: Mobile apps are an emerging technology to fa-
cilitate diabetes self-management. The CONTOUR�NEXT ONE
blood glucose (BG) monitor system is a wireless-enabled BG
meter, linked to the CONTOUR�Diabetes mobile app (developed
using the successful Information-Motivation-Behavioral Skills
model, to detect and report BG patterns for self-management
guidance).

Aim: To determine the effect of app use on BG excursion
frequency, and identify subsets of patients with frequent excur-
sions.

Method: Anonymized user data (N = 11,368) were collected
from two cohorts that used the app for >180 days: UK (N = 3905)
and Germany (N = 7463). Excursions were classified as hypo-
glycemia (<50 mg/dL) or hyperglycemia (>180 mg/dL); repeat
excursions as ‘‘repeat hypoglycemia’’ (‡5 hypoglycemic events
within the first 30 days and after 180 days) or ‘‘repeat hyper-
glycemia’’ (‡5 hyperglycemic events within the first 30 days and
after 180 days). Odds ratios (OR) describe event-frequency in the
first 30 days/after 180 days.

Results: App use for >180 days was associated with a statis-
tically significantly lower hypoglycemia frequency in both co-
horts (UK OR: 1.417 [95% CI 1.411; 1.423]; Germany OR: 1.364
[95% CI 1.360; 1.367]) and little effect on hyperglycemia fre-
quency (minor increase in UK cohort, OR: 0.985 [95% CI 0.984;
0.986]; minor decrease in German cohort, OR: 1.009 [95% CI
1.008; 1.011]); Figure. The number of users with repeat hypo-
glycemia and hyperglycemia, respectively, were: UK, n = 169
and n = 2407; Germany: n = 229 and n = 3426.
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Conclusions: App use was associated with a lower frequency
of hypoglycemia after >180 days, and few users experienced
repeat hypoglycemia, supporting app use to facilitate active in-
volvement in diabetes self-management.

Figure
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SYSTEM FOR AUTOMATIC ESTIMATION AND
DELIVERY OF QUICKLY-ABSORBABLE
CARBOHYDRATES

P. Randine1, M. Muzny2, D. Micucci1, E. Årsand3,4

1University of Milan Bicocca, Department of Informatics-
Systems and Communication DISCo, Milan, Italy
2Spin-Off Company and Research Results Commercialization
Center, 1st Faculty of Medicine-Charles University in Prague,
Prague, Czech Republic
3Norwegian Centre for E-health Research, University Hospital
of North Norway, Tromsø, Norway
4UiT The Arctic University of Norway, Department of Clinical
Medicine, Tromsø, Norway

Background and aims: Patients with diabetes often fear
hypoglycemia because of the unpleasant feeling and possible
dangerous situations it may cause. This can make patients con-

sume more carbohydrates than necessary. Ad-hoc carbohydrate
estimation by the patients can be unreliable and may produce
unwanted periods of high blood glucose.

Our goal was to design a solution, based on the latest hardware
and software technologies, that can automatically deliver an
estimated amount of juice from a reservoir to a glass, when
required.

Methods: Literature review and patient-centered approach
were used to define the system functionalities and requirements.
Patients’ needs, and feedback were used to improve the software
during testing.

Results: We built a fully-functioning prototype (Figure 1.),
which was tested on real patients (n = 2). After 2 months, with
2720 different CGM (Continuous Glucose Monitoring) readings,
a total of 57 distributions of carbohydrates were triggered (15 or
20 grams). Based on the patients’ CGM values from the Night-
scout solution, users were able to request different juice dosages.
Both system and personal parameters were remotely configur-
able using a smartphone chatbot.

Conclusion: The system automatically delivers liquid carbo-
hydrates and reports the status through a display and chatbot. The
absorption of glucose into the bloodstream was effective after one
or more delivered doses, in average after 15-20 minutes. No hy-
perglycemia was caused by the system. Future studies will involve
a larger number of patients. In future, the hardware structure made
by wood could be replaced with 3D printed components, making
the entire system easy reproducible and transportable.
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SELF-RECRUITED T2D PATIENTS’ ENGAGEMENT
IN A SELF-MANAGEMENT TOOL: FEEDBACK AND
SUGGESTIONS

M. Bradway1, S.C. Wangberg2, H. Blixgård1, M. Mu�zný3,
E. Årsand1

1University Hospital of North Norway, Norwegian Centre for
E-health Research, Tromsø, Norway
2UiT - The Arctic University of Norway, Department of Health
and Care Sciences- Faculty of Health Sciences, Narvik, Norway
3Charles University in Prague, Spin-Off Company and
Research Results Commercialization Center- 1st Faculty of
Medicine, Prague, Czech Republic

Introduction: Research often relies on a high level of en-
gagement and feedback from participants. Whereas patient en-
gagement has historically been a challenge, especially when
lengthy questionnaires are involved, patients are now more
willing and even motivated to participate when it comes to using
mHealth tools and services.

Methods: Patients with Type 2 diabetes were ‘‘self-recruited’’
to the ‘‘Tailoring Type 2 Diabetes Self-Management’’ RCT; they
responded to a Facebook post, online news article and direct
messaging to current Diabetes Diary app users. Participants were
randomized to two groups; the Control group used the simplified
Diabetes Diary app for the first 3-months and the tailored version
for 3-months. The Intervention group used the tailored app for
the full 6-months. Measures were taken at 0, 3, and 6-months
including demographics, HbA1c, written feedback and responses
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to the following standardized questionnaires: WHO-5, Summary
Of Diabetes Self-Care Activities Assessment (SDSCA), and
Perceived Competence Scale (PCS). The app continuously col-
lected patient-gathered self-management data.

Results: Participants in both groups offered written feedback
regarding what was useful (Table 1) and what could be improved
in the apps (Table 2).

Discussion/conclusion: Written comments are rarely an-
swered by participants. We believe that because these partici-
pants were ‘‘self-recruited’’, they were more engaged. This is
evident in their willingness to provide both constructive criticism
and details for future development of mHealth technologies. This
also demonstrates what we can expect from - and the value of -
involving engaged users of technology aids in diabetes research
today.
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ATTD19-0309

WHAT CAN BE LEARNED BY ANALYZING PATIENT-
GATHERED DATA FROM A SELF-MANAGEMENT
DIABETES APP

M. Bradway1, H. Blixgård1, M. Mu�zný2, A. Giordanengo1,
S.C. Wangberg3, E. Årsand1

1University Hospital of North Norway, Norwegian Centre for
E-health Research, Tromsø, Norway

2Charles University in Prague, Spin-Off Company and
Research Results Commercialization Center- 1st Faculty of
Medicine, Prague, Czech Republic
3UiT - The Arctic University of Norway, Department of Health
and Care Sciences- Faculty of Health Sciences, Narvik, Norway

Introduction: Self-management interventions for diabetes
are still limited in the analysis of patient-gathered data and
mHealth usage - focusing mainly on HbA1c. From the ‘‘Tai-
loring Type 2 Diabetes Self-Management’’ RCT, we analysed
detailed app-data as a supplement to the traditional measures.

Methods: Participants were randomized to two groups. The
Control group used the regular Diabetes Diary app for the first 3-
months and the tailored version for 3-months. The Intervention
group used the tailored app for the full 6-months (Figure 1).
Measures were taken at 0, 3, and 6-months including HbA1c. The
app continuously stored user-recorded each blood glucose, in-
sulin dose, diet, and exercise registration.

Results: N = 16 participants were randomized to the Control
group and n = 25 to the Intervention group. Total registrations
made and HbA1c did not differ significantly between those who
made registrations in the in the Control (n = 12) and Intervention
groups (n = 8). Therefore, all participants who registered in the
app were treated as one cohort in the following analysis (n = 20)
(Figure 2). While not significant, participants seemed to reduce
HbA1c between zero and three months.
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Discussion/conclusion: By looking past assigned groups to
additionally include app-usage patterns, we may be able to more
effectively address how and why participants do - or do not -
engage in mHealth-use over time, and which functionalities are
most relevant to them. By incorporating such understanding, we
may also be able to address when, and for which functionalities,
users need encouragement to self-manage via apps, during both
future interventions and daily clinical practice.
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HEART RATE VARIABILITY DURING
HYPOGLYCEMIA IN PATIENTS WITH TYPE 1
DIABETES AND IMPAIRED AWARENESS OF
HYPOGLYCEMIA

M. Koeneman1, M. Olde Bekkink1, S.J. Bredie1, B.E. de Galan1

1Radboud university medical center, Internal medicine,
Nijmegen, The Netherlands

Background: Patients with type 1 diabetes (T1D) and im-
paired awareness of hypoglycemia (IAH) are at very high risk
of severe, potentially hazardous, hypoglycemia and would
benefit from an early alert device for the detection of hypo-
glycemia. Heart rate variability (HRV) may change at the ini-
tiation of hypoglycemia due to sympathetic nervous system
activity. The aim of this study was to investigate whether these
HRV-changes are retained in patients with T1D and IAH, in
whom sympathetic nervous system activation during hypo-
glycemia is reduced.

Methods: Eligible participants underwent a modified hyper-
insulinemic hypoglycemic clampwhile HRV was measured si-
multaneously by a Vital Connect Health Patch on their chest.
Parameters of HRV included Square root of the mean standard
differences of successive R-R intervals (RMSSD) representing
parasympathetic nervous system activity and low and high fre-

quency ratio (LF:HF) representing sympathetic nervous system
activity.

Results: We included a total of 10 patients (4 men, age
38.5 – 4.4 years, diabetes duration 21.7 – 4.3 years, HbA1c
55.2 – 1.5 mmol/L, modified Clarke score 3.7 – 0.3). The glucose
nadir during the clamp averaged 2.8 – 0.1 mmol/L, which elicited
minimal symptoms. Preliminary data analysis shows typical HRV
patterns at the initiation of hypoglycemia, i.e. a decrease in RMSSD
and an increase in LF:HF ratio (figure 1). Group differences also
showed decreased RMMSD (36.1 – 24.5 to 25.7 – 9.5) and in-
creased LF:HF ratio (1.35 – 0.35 to 1.52 – 0.24). Final results are
pending.

Conclusion: Hypoglycemia affects HRV patterns in patients
with type 1 diabetes and IAH. Considering developments in
wearable devices and data analytics,real time HRV seems
promising for early detection of hypoglycemia in patients with
IAH.
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ATTD19-0351

DIABETES APPS USAGE AMONG INDIAN
ENDOCRINOLOGISTS

K. Balachandran1

1Sri Ramachandra Institute of Higher Education and Research,
Endocrinology, Chennai, India

Aims: To assess the knowledge,attitudes and usage of dia-
betes smartphone apps among Indian Endocrinologists.

Materials and Methods: An online survey was done with
REDCap and was emailed to a list of Indian Endocrinologists.
The survey link was also disseminated through a WhatsApp
group of Endocrinologists with 256 members. The endocrinol-
ogists were encouraged to share the link with their friends and
colleagues. One hundred and ninety one(191) people completed
the survey. Of these, 179 were endocrinologists. The analysis
was limited to Indian Endocrinologists.

Results: 179 endocrinologists from India participated in
the sur- vey. Majority of them were from the urban area.
The mean experience of the respondents was 9.22 years
(SD = 5.25 years). Their patient profiles included questions on
litera- cy and specifically English literacy. In the survey, 74.7
% of the respondents felt their patients were literate(SD-
19.47%) and 53.8% of patients were felt to be English literate
(SD = 22.48%). 59.3% responded that their patients had
smartphones. Only 16.5 % had ever prescribed an app. Heal-
thifyMe, MyFitnessPal and GoogleFit were the most com-
monly prescribed apps.

Conclusion: The usage of diabetes apps is very low among
Indian Endocrinologists. The main barriers to usage is
awareness of the doctor. Availability of apps in local lan-
guages, diabetic education through the app and emergency
alert/notification to the physician are the top preferred fea-
tures in a prospective diabetes app. Incorporating mobile
technology in diabetes management should start with im-
proving physician awareness.
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ATTD19-0356

HARNESSING THE POWER OF SOCIAL MEDIA FOR
A STRUCTURED AND INSTANT INTERVENTION,
EDUCATION AND COUNSELLING IN TYPE 1
DIABETES

J. Kesavadev1, A. Shankar1, A. David1, G. Sanal1, J. Ajith1,
G. Krishnan1, L. Ramachandran1, S. Jothydev1

1Jothydev’s Diabetes Research Centre, Diabetology,
Trivandrum, India

T1DM is a disease where there is a challenge in every aspect
of its management. Regardless of the educational status of the
patients, parents or other caregivers, their questions and con-
cerns are endless. Apart from the commonly repeated ques-
tions such as those on hypoglycemia, ketoacidosis, tiredness,
adjustment of basal and bolus insulin-doses, diet, exercise,
injection-site, mood swings, we also meet with queries re-
garding stem-cell therapy, pancreas transplantation, artifi-
cial pancreas, etc. To address these, we formed a WhatsApp�

group of consenting patients to provide them with instant
support and allay their fears and concerns. The social media

WhatsApp� group of T1DM patients and their caregivers
(KT1DP Sweet Stars) involved our multidisciplinary diabetes-
care team actively responding to the queries posted. Con-
sidering the repetitive nature of the queries, questions on fake
health messages from the internet, we custom created short
videos. We always make it a point that those who appear in the
videos are those faces that are familiar to the patients. Whereas,
when there is an emergency, one of the team members will in-
stantly communicate to resolve the concern.

A brief and confidential online survey was conducted to
understand the advantages recounted by the patients/care-
givers in the KT1DP Sweet Stars group, with regards to being
a part of such interactive, educational groups. Details of T1DM
patients: n = 166, 73% males. Majority recounted multiple
advantages of being members of the group, sharing common
concerns.
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CDISC PARTNERS WITH TYPE 1 DIABETES (T1D)
EXPERTS AND HELMSLEY TO DEVELOP T1D
RELATED DATA STANDARDS TO FOSTER DATA
SHARING AND REUSE

J. Owen1

1CDISC, Data Standards, Austin, USA

Benefit Statement: The ability to access expansive collec-
tions of well-curated biological, clinical, and behavioral data will
propel scientific progress and enable the discoveries needed to
improve treatments for human disease. Development and adop-
tion of data standards that facilitate data sharing and re-use can
help accomplish this goal and presents a great opportunity to
accelerate and increase efficiency in T1D clinical research.

Approach: CDISC’s global, platform independent stan-
dards enable information system interoperability to improve
medical research and related areas of healthcare. Adoption of
CDISC standards by the research community encourages ef-
ficiency and enhances innovation through increased data re-
use. Furthermore, in 2016, regulatory authorities in United
States and Japan began to require the use of CDISC Standards
for pre-clinical and clinical research for all new electronic drug
submissions. The beginning to end nature of the standards
provides traceability from data collection through to data
analysis, improving data quality, reducing costs, streamlining
processes and increasing data predictability.

CDISC began working with T1D experts to expand the current
Diabetes standards, focusing on pediatrics, devices, exercise and
prevention. This effort is funded by the The Leona M. and Harry
B. Helmsley Charitable Trust’s T1D program as part of its Data
Sharing Initiative.

The CDISC standards development process is consen-
sus based. Prior to publication of the T1D standards we
will invite the T1D community to participate in the public
review and comment on the developed content. Information
and updates on the project can be found at the CDISC T1D
Website.
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ATTD19-0362

GRADE OF USE AND PRESCRIPTION OF DIGITAL
TOOLS IN PEOPLE WITH DIABETES

C. González Blanco1,2, I.M. Pujol Jiménez1, A. López Argudo1,
C. Martinez Melgar1, M.J. Martı́nez Roldán1,
A.I. Chico Ballesteros1,2, I. Genua Trullos1

1Hospital de la Santa Creu i Sant Pau, Endocrinology and
Nutrition, Barcelona, Spain
2Universidad Autónoma de Barcelona, CIBER-BBN EDUAB-
HSP group, Barcelona, Spain

Introduction: Information and communications technologies
have produced important changes in Health sector. In Spain,
related to health, 60% of citizens use Internet, 22.3% Social
Networks(SN) and 4.3% Apps. As other Health areas, their use in
Diabetes Mellitus(DM) is increasing.

Objectives: The main objectives were to assess the degree of
use of digital tools by people with DM in a tertiary hospital, as
well as analyse the degree of prescription of these tools by
healthcare team (HCT). As secondary objective, the relation
between this use, therapeutic education (TE) and DM control
was assessed.

Material And Methods: Descriptive and observational study
in people with DM consecutively attended outpatients from a
tertiary hospital during a month. Data was collected by an ad hoc
survey.

Results: Main characteristics are shown in Table 1. 68% use
additional sources for information, being Internet the main one
(85%). 66% have an account in SN but only 6% use it in relation
to their DM. 26% used Apps and 28% used a no face-to-face
communication way with their health team. Unfamiliarity was
the main reason for not using digital tools. Regarding prescrip-
tion HCT recommended websites, SN and Apps in 20%, 10% and
30% respectively.

No significant relation was found between HbA1c and the use
of Internet or Apps for DM. There was a relation between HbA1c
and TE.

Conclusions: The use of internet for health care is high in
studied sample, despite a low recommendation by professionals.
Its use is not related to a better glycemic control.
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ATTD19-0395

GAMIFICATION FOR THE SELF-MANAGEMENT
OF DIABETES

N. Dyal1, K. McAssey2, G. Agarwal3

1McMaster University, Engineering & Society,
Hamilton, Canada
2Pediatric Endocrinology, Hamilton, Canada
3Family Medicine, Hamilton, Canada

Self-monitoring of blood glucose (SMBG) is a fundamental
component of achieving optimal glycemic control among chil-
dren with type 1 diabetes. Era Diabetes is a mobile application
that integrates with glucometers via Bluetooth to make diabetes
related data useful to patients, caregivers, and health care pro-
fessionals. Gamification is used to incentivize self-management
behaviour; when users meet their self-management target, a
game is unlocked. This is an exploratory pilot study, published
in the Canadian Journal of Diabetes. Patients of McMaster
Children’s Hospital Pediatric Diabetes Clinic used Era Diabetes
for three months. 85% of participants self-managed their blood
glucose readings at least 2 times per day using Era Diabetes.
This is a significant improvement in patients’ self-management
regime, as none of the participants engaged in this behaviour
prior to the intervention.

After this pilot study concluded, based on market and product
research, the scope of research evolved to incorporate neural
learning to predict diabetes related complications.
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3D WHOLE-BODY SCAN FOR CLINICAL
ANTHROPOMETRY AND DETERMINING BODY
COMPOSITION IN T2DM PATIENTS

I. Misnikova1, Y. Kovaleva1, V. Gubkina1, A. Dreval1

1Moscow Regional Research Clinical Institute, Endocrinology,
Moscow, Russia

Background: Existing anthropometric methods for assessing
obesity provide very little information about features of distri-
bution of fat and muscle mass. Virtual 3D whole-body scans of
patients with obesity can provide additional information about
body composition.
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Material and methods: Patients with Type 2 diabetes mel-
litus (T2DM) over 45 years old with a body mass index (BMI)
>25 kg/m2, who had ‡2 criteria for metabolic syndrome, un-
derwent whole-body 3Dscans and dual energy X-ray absorptio-
metry (DXA), 3D whole-body scans were acquired on a
DUBLLIK model R1000 (3DC). DXA scan was performed on a
Hologic Discoveri A. Statistical analysis was performed using
SPSS version 22.0 for Windows using standard methods of
variation statistics.

Results: Thirty two patients with diabetes were examined:
25 women (78.13%), 7 men (21.88%), median age 63.5 [57.3;
69.0] years, weights 92.0 [82.3; 102.3] kg, BMI 33.4 [29.9;
37.2] kg/m2.

Conclusion: 3D scan allows to get indicators that indirectly
characterize body composition, which correlate with DXA
scan.
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AN ENHANCED AI AND COMPUTER VISION-BASED
SMARTPHONE SYSTEM FOR TRANSLATING FOOD
MULTIMEDIA DATA TO NUTRIENT INFORMATION

Y. Lu1, M.F. Vasiloglou1, T. Stathopoulou1, S. Christodoulidis1,
S. Mougiakakou1

1University of Bern, ARTORG Center for Biomedical
Engineering Research, Bern, Switzerland

Background: Accurate carbohydrate (CHO) counting is vital
and challenging for individuals with diabetes. GoCARB was the
first end-to-end system able automatically to estimate the CHO
content of plated meals using a smartphone.

Objective: goFOODTM is an upgraded version of the Go-
CARB system aiming to overcome limitations of the previous
system, and incorporating latest advances in artificial intelli-
gence, computer vision and smartphone sensors.

Methods: The system requires input of two meal images.
For conventional single-camera smartphones, the images
must be captured from two different viewing angles; however,
smartphones equipped with two rear cameras require only one
press of the shutter button. A deep neural network is applied to
process the two images, performing food detection, segmen-
tation and recognition, while a 3D reconstruction-based al-
gorithm estimates the food volume. Each meal’s calorie and
macro-nutrient content (CHO, protein, fat) are calculated
based on each food category, volume and the USDA nutrient
database.

Results: goFOODTM’s latest version supports 21 broad and
324 fine food categories, and is validated using the MADi-
Ma2017 database, which includes 80 central-European dishes
that are fully annotated, labelled, weighted and of known volume
and nutrient content. Preliminary results indicate that the meals’
median prediction errors (25th–75th percentiles) of CHO, protein,
fat and calories estimation are 7.3g (2.9g–13.4g), 6.6g (3.4g–
9.2g), 6.9g (3.2g–12.7g) and 94.2kcal (36.7kcal–158.5kcal), re-
spectively.

Conclusion: goFOODTM brings the technology developed
during the GoCARB project closer to the end user.
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DEMOCRATIZING TYPE 1 DIABETES (T1D)
KNOWLEDGE IN RURAL AND UNDERSERVED
COMMUNITIES: PROJECT ECHO T1D

N. Cuttriss1, A. Walker Walker2, D. Maahs1, M. Haller3,
C. Anez-Zabala4, K. Yabut Yabut1, H. Hu2, S. Filipp2

1Stanford University, Pediatric Endocrinology & Diabetes,
Stanford, USA
2University of Florida Diabetes Institute, Health Services
Research- Management- and Policy, Gainesville, USA
3University of Florida Diabetes Institute, Peediatric
Endocrinology, Gainsville, USA
4University of Florida Diabetes Institute, Pediatric
Endocrinology, Gainesville, USA

Objectives: (1) Increase the capacity of primary care pro-
viders (PCPs) to empower and safely and effectively manage
underserved patients with T1D who do not receive routine
specialty care (2) Demonstrate proof of concept for adaptation
of Project ECHO (Extension for Community Healthcare
Outcomes) model to include adult and pediatric patients with
T1D.

Methods: We developed the ‘‘Project ECHO T1D’’ telehealth
clinic adapted from the Project ECHO model which utilizes the
hub-and-spoke model to target and partner with PCPs at non-
specialty diabetes practices across the states of Florida and Ca-
lifornia.

Results: The 18-month pilot program is ongoing. Participa-
tion for the pilot program was filled beyond capacity. For Cali-
fornia, 11 Spokes were enrolled with 47 clinics serving roughly
1,000 adult and pediatric patients with T1D who do not receive
usual specialty T1D care. For Florida, 10 Spokes were enrolled
with 67 clinics who serve roughly 1,300 patients with T1D who
do not receive usual specialty T1D care.

Conclusions: Project ECHO T1D is an implementation of an
innovative healthcare delivery model which builds capacity for
diabetes self-management education in medically underserved
communities through force multiplication. The current study
will demonstrate whether, and to what extent, Project ECHO
model is able to recruit PCPs and reach patients with T1D who
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are not receiving routine specialty diabetes care. It will serve as
proof-of-concept for academic medical centers wishing to
replicate the model in the US and globally. Preliminary data
suggests that the Project ECHO model can and should be fur-
ther applied to T1D.
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ATTD19-0443

TELEMEDICINE AS A TOOL TO CONTROL BLOOD
PRESSURE OF PATIENTS WITH DIABETES
SUFFERING FROM HYPERTENSION

A. Holubová1,2, J. Mu�zı́k1,2, J. Peleška2, M. Doksanský1,
D. Gillar1, T. Ku�cera1, V. Caithaml2, J. Kašpar1,2,
K. Hána1,2

1Czech Technical University in Prague- Faculty of Biomedical
Engineering, Department of Information and Communication
Technologies in Medicine, Kladno, Czech Republic
2Charles University, Spin-off Company and Research Results
Commercialization Center of the First Faculty of Medicine,
Prague, Czech Republic

Introduction: Patients with diabetes often suffer from hy-
pertension, which increases the risk of development of other
comorbidities. Therefore, tight blood pressure control is required
among these patients. Telemedicine enables us to effectively
collect and monitor patients’ blood pressure and related health
incidents from their homes.

Methods: A modul enabling to automatically collect data
from patients with hypertension via Bluetooth-supported blood
pressure monitors has been developed as a part of the Diani
telemedicine system. Two ways of data collection has been im-
plemented: 1) via connected mobile application, and 2) via mini-
PC. This ensures its possible use by patients with different
technical facilities. For data visualization, a web application has
been created.

The usability of the system has been tested on first group of
patients with hypertension.

Results: The web application visualize the data collected by
connected devices in a form of graphs and tables, while the
values out of range and arrhythmia detection are highlighted.
Information about medication and symptoms can be registered
manually. A standardized report for a doctor can be down-
loaded.

So far, data from 12 patients with hypertension has been
successfully collected and transferred to the server. Two tech-
nical complications that occurred during the device installation at
home have been solved.

Conclusion: Using this support, automatic data transfer
can eliminate invalid data registered by patients manually.
Moreover, timely response to unwilling blood pressure val-
ues can be ensured. Comparison of blood pressure fluctua-
tions within a day with the time of medication and its amount
can, in addition, help with an individual treatment adjust-
ment.
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ATTD19-0448

THE RELATIONSHIP OF HEMOGLOBIN A1C TO
CGM-DERIVED TIME-IN-RANGE IN PATIENTS WITH
DIABETES

R. Vigersky1, C. McMahon2

1Medtronic Diabetes, Clinical and Medical Affairs,
Northridge, USA
2Medtronic Diabetes, Data Science, Northridge, USA

Background: CGM-derived time-in-range (TIR) is an im-
portant metric in understanding glycemia. The relationship of
TIR to HbA1C has not been clearly defined.

Methods: Sixteen publications that reported paired HbA1C
and TIR metrics or HbA1C and frequent self-monitoring of blood
glucose (SMBG) across a wide range of HbA1C’s, technologies
and subject demographics were reviewed to determine the cor-
relation of these metrics.

Results: There was an excellent correlation between the TIR
and HbA1C (R2 = 0.71) where TIR = -12.9*A1C + 157. A 10%
change in TIR (e.g., between 50% and 60%) is equivalent to a
0.78% change in HbA1C (Figure).

Conclusions: There is a good correlation between HbA1C and
TIR that may permit the transition to TIR as the preferred metric
for determining the outcome of clinical studies, prediction of the
risk of diabetes complications, and assessment of an individual
patient’s glycemic control.
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AN R PACKAGE FOR ANALYSIS OF CONTINUOUS
GLUCOSE MONITOR DATA

T. Vigers1, C. Chan1, J. Snell-Bergeon1, P. Bjornstad1,
P. Zeitler1, G. Forlenza1, L. Pyle1

1University of Colorado School of Medicine, Pediatrics,
Aurora, USA

Objective: To develop a standardized, free, open-source
method for management and analysis of continuous glucose
monitor (CGM) data, including calculation of key metrics re-
commended in the International Consensus on Use of Con-
tinuous Glucose Monitoring (ICUCGM) and graphical tools
similar to the Ambulatory Glucose Profile (AGP).

Methods: We developed a package (called cgmanalysis)
written in the statistical programming language R (R Foundation
for Statistical Computing, Vienna, Austria).

Results: The software can automatically recognize and read
data exports from the Diasend�, Dexcom, iPro�2, Libre, and
Carelink� platforms. Other data sources can be used if formatted
appropriately. The cleaning function processes raw data exported
from a CGM device, and can handle multiple formats simulta-
neously. The analysis function calculates the key metrics in the
ICUCGM, in addition to other variables, including the mean
amplitude of glycemic excursion (MAGE), and creates a data set
for upload into a database or statistical software. The report
function creates graphical data summaries, including a figure in
the style of the AGP (see Figure), using Tukey smoothing to plot
the median, inter-quartile range, and 5th and 95th percentiles by
time of day. Cgmanalysis is available on the Comprehensive R
Archive Network, and the code and user guide are available on
GitHub.

Conclusions: The cgmanalysis package provides a standard-
ized, free, open-source approach to manage and analyze CGM

data, enabling sharing of data across technology platforms, col-
laboration between research groups, and more effective use of
the growing pool of CGM data.
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DESIGN OF A MOBILE APP ‘‘CARNETDIA’’ FOR
DIABETIC PATIENTS IN CAMBODIA: THE
BEGINNING OF A JOURNEY

S. Satha1, T. Hout2, B. Puthtann2

1Calmette Hospital, Internal Medicine, Phnom Penh, Cambodia
2CarnetDia Team, Software Unit, Phnom Penh, Cambodia

Introduction: Diabetes, in particular type 2 diabetes, is one of
the most common chronic diseases in Cambodia. Optimal
management of this chronic disease requires not only medica-
tions but also patient-healthcare provider communication and
proactive self-management from patients. With the increasing
popularity of smartphones, the use of mobile APP, to raise the
awareness of diabetes and patients’ self-management, has at-
tracted more attentions. CarnetDia is the first mobile APP de-
veloped in Khmer language in Cambodia.

Objective: The objective of this paper is to describe the de-
velopment of a mobile tool in Cambodia.

Methods: We present the history, design and development of
CarnetDia. A team of Cambodian clinicians who interest in pa-
tient education, created this App with the supports from software
engineers. CarnetDia was designed for iOS and Android devices.
Patients or their family members could download freely. In
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CarnetDia, there are educational video clips, pictures and doc-
uments in PDF. More than that the patients could register to
create a personal account so that they could note their glycemic
datas and eaten foods. And finally patients could send those datas
to their doctors.

Results: After seven weeks of launching, there are 1161 users
(628 iOS devices and 533 Android devices). Among those users
there are 185 registered accounts [male 71.35% and female
28.65%; the age group, most commonly, varies from 30-69 years
old]. 90% of the registered patients do the self-monitoring 2
times a week.

Conclusion: Mobile APP (CarnetDia) could be an open
mHealth source solution to raise the awareness of diabetes and
patients’ self-management in Cambodia.
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ATTD19-0480

RESULTS OF THE MULTI-CENTRIC STUDY
RENACED DIABETES TIPO 1 IN MEXICO

R. Faradji1, A. Rebolledo-Ramirez2, M. Vidrio-Velazquez3,
L. Islas-Ortega4, A. Martı́nez-Ramos-Mendez5,
N.E. De La Garza-Hernandez6, J.F. Bustamante-Martinez7,
K.L. Sanchez-Ruiz8, G. Gonzalez-Galvez9,
M.A. Polanco Preza10, A.E. Yepez-Rodrı́guez11,
J.C. Valenzuela Montoya12, A.R. Escobedo-Ortiz13, A. Ferreira-
Hermosillo14, A. Romero-Zazueta15, C. Castillo-Galindo16,
P. Almeda-Valdes16, S. Miracle-López17, M.H. Figueroa-
Andrade18, M. Tavera-Hernandez19, E. Rodriguez-Sanchez20,
M. Valadez-Capetillo21, J.J. Ceballos-Macı́as22, P. Esteves-
Sanchez23, C.A. Antillon-Ferreira24, M.P. Ceceña-Gonzalez25,
L. Sauque-Reyna26, J.R. Gomez-Cruz27, M.A. Madero-
Fernández del Castillo28, C. Ramirez-Renteria29, A.C. Uribe-
Wiechers1, D. Montes-Valdespino30, M.E. Sainz de la Maza-
Viadero30, R.S. Niño-Vargas31, C. Magis-Rodriguez2

1Clinica EnDi, Endocrinology, Mexico City, Mexico
2Centro para la Prevencion y Control del VIH y el SIDA,
Epidemiology, Mexico City, Mexico
3IMSS Hospital General Regional # 110, Endocrinology,
Guadalajara, Mexico
4Hospital del Niño DIF Hidalgo, Pediatric Endocrinology
Service, Pachuca, Mexico
5Hospital Español, Endocrinologia Pediatrica, Mexico
City, Mexico
6CEMEDIN, Endocrinology, Monterrey, Mexico
7Servicios de Salud de Nayarit- Hospital General de Tepic,
Department of Internal Medicine, Tepic, Mexico
8Secretaria de Salud del Estado de Durango, Diabetes Clinic
Director, Durango, Mexico
9Instituto Jalisciense de Investigacion en Diabetes y Obesidad
S.C., Endocrinology, Guadalajara, Mexico
10Hospital Civil de Guadalajara Fray Antonio Alcalde,
Endocrinology Service, Guadalajara, Mexico
11Corporativo Hospital Satelite, Endocrinology,
Mexico, Mexico
12Hospital De Gineco-Pediatria No. 31 IMSS, Pediatric
Endocrinology, Mexicali, Mexico

13Hospital General Dr. Miguel Silva, Endocrinology,
Morelia, Mexico
14Hospital de Especialidades del Centro Medico Nacional Siglo
XXI, Endorinology, Mexico City, Mexico
15Clı́nica de Endocrinologı́a, Endocrinology, Culiacan, Mexico
16Instituto Nacional de Ciencias Médicas y Nutrición Salvador
Zubirán, Endocrinology, Mexico City, Mexico
17Hospital Angeles de las Lomas, Endocrinology,
Mexico, Mexico
18Hospital General de Zona #1 IMSS, Endocrinology,
Colima, Mexico
19Centro Medico ABC Santa Fe / Hospital Angeles de las
Lomas, Pediatric Endocrinology, Mexico, Mexico
20Hospital Rovirosa- Secretaria de Salud, Diabetes,
Villahermosa, Mexico
21Hospital de Especialidades del Niño y la Mujer, Pediatric
Endocrinology, Queretaro, Mexico
22SEDENA, Unidad de Especialideades Medicas,
Mexico, Mexico
23Hospital Regional de Alta Especialidad ISSSTE Tultitlan,
Endocrinology, Mexico, Mexico
24Centro Medico ABC, Pediatric Endocrinology, Mexico
City, Mexico
25Hospital del Prado, Endocrinology, Tijuana, Mexico
26Instituto de Diabetes Obesidad y Nutricion S.C.,
Endocrinology, Cuernavaca, Mexico
27Centro de Alta Especialidad Dr. Rafael Lucio-,
Endocrinology, Jalapa, Mexico
28NutriEndo, Endocrinology, Coahuila, Mexico
29Consorcio Del Valle, Endocrinology, Mexico City, Mexico
30Clinica EnDi, Diabetes Education, Mexico City, Mexico
31Centro para la Prevencion y Atención Integral del VIH/SIDA
de la Ciudad de Mexico, Information Technology, Mexico
City, Mexico

Background and aims: Information regarding type 1 dia-
betes (T1D) patients follow-up in Mexico is limited. An online-
system, RENACED DT1, registers longitudinal T1D data in
Mexico.

Method: Descriptive analysis of 1049 T1D patients registered
on RENACED DT1, in 27 Mexican States, until 10/11/2018.

Results: Fifty percent patients were diagnosed in the last 10
years, 61% women and 39% men. Average age at diagnosis was
12.6 years old (yo), being men younger than women (12.05 vs.
12.81, p < 0.05). Their average HbA1c at diagnosis was 11.4%.
Of those with available data, 35% are taken care of by ministry of
health, 31% by social security and 34% by private insurance. At
the time of analysis, 1049 patients remain active, with a ratio
men:women of 1:1.6. Their average age was 24 yo. Mean BMI
was 22.9 Kg/m2 and mean was HbA1c 8.7% – 2.3. Eighteen-
percent of patients uses insulin-pumps and 71% MDI. A total of
20% and 13% of patients had HbA1c<7% and 7 < 7.5%, re-
spectively. In the last year, the presence of diabetic ketoacidosis
was 5.33%, severe hypoglycemia was 1.14%, and chronic
complications 18.4%.

Conclusion: The ratio of male:female T1D patients of 1:1.6,
in Mexico, appears to be different to that reported in other
countries. This needs to be further explored. The percentage of
T1D patients in Mexico that reach the HbA1c target is low
(20% <7% and 33% <7.5%), but similar to that described in the
literature. Improved access to glucose monitoring technology,
insulin delivery systems and adjunctive therapy are necessary
to improve glycemic control in T1D patients in Mexico.
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ATTD19-0042

THE IMPACT OF LOW-CARB HIGH-FAT DIET ON A
METABOLIC CONTROL IN AN OBESE TYPE 1
DIABETIC PATIENT ON INSULIN PUMP THERAPY

A. Skvarca1

1University Medical Centre Ljubljana, Department of
Endocrinology- Diabetes and Metabolic Diseases,
Ljubljana, Slovenia

This case presentation shows the impact of low-carb high-fat
(LCHF) diet on a glucose variability and metabolic control in an
obese type 1 diabetic patient. 41-year old female has type 1 dia-
betes since the age of 13. She has been treated with an insulin pump
since 2011. In addition, she is on metformin 2000 mg daily due to
polycystic ovary syndrome. Her glycaemic control was poor in the
last years. Her HbA1c levels were around 8.0% and there was high
glucose variability. Also, the patient has been struggling with in-
creased body weight. In July 2018 she introduced LCHF diet. Since
then her glycaemic control has improved dramatically. In the next
three months her HbA1c level has decreased to 6.2 % and glucose
variability has reduced immensely. Total daily insulin dose has
reduced from 42 to 24 units and average basal/bolus ratio has
changed from 45/55 to 85/15. In addition, her body weight has
decreased from 94 to 82 kg and her blood pressure has decreased
from 155/85 mmHg to 127/82 mmHg. Patient also reported of
improved life quality and confidence. On the other hand, her lipid
profile has detoriated, with her total cholesterol level rising from
4.3 to 6.6 mmol/L and her LDL cholesterol level rising from 2.4 to
4.7 mmol/L. In conclusion, LCHF diet can improve glycaemic
control as well as reduce body weight in an obese type 1 diabetic
patient. However, lipid control may get worse.
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ATTD19-0127

670G IN CHILDREN SMALLER THAN LABELLED:
THE HANNOVER SMARTHOME STUDY

T. Biester1, T. von dem Berge1, K. Remus1, A. Niewswandt1,
S. Biester1, K. Adolph1, B. Aschemeier1, T. Danne1,
O. Kordonori1

1AUF DER BULT, Diabetes Center for Children and
Adolescents, Hannover, Germany

Background: Insulin pump therapy and continuous glucose
monitoring users with T1D are rising more and more in pediatric

age group. According to newest consensus statements (ATTD),
the outcomes of CGM systems get into focus more than e.g.
HbA1c.

The newest combination system is Minimed670G by Med-
tronic, which is the first system that allows an automated adap-
tion of basal insulin dosage due to actual sensor glucose values.
Pradnial bolus is given manually by entering the amount of
carbohydrates.

As it is actually labeled only above seven years of age and 8 U
of Insulin as total daily dose, one should evaluate if the system is
feasible in working also in smaller children.

Method: In this monocentric, randomized cross-over study,
20 kids between 2 and <9 and 20 between 9 and 14 used the 670G
system at first in the SAP mode and after randomization 4 weeks
in auto mode and 4 weeks in SAP mode respectively (Fig.1).
Inclusion criteria are T1D >1 year and at least 3 months of CSII
experience.

Primary endpoint is the time in range [%] 70-180 mg/dl
(TIR) in a period comparison. Secondary, the number of hy-
poglycemic events, ketosis events as well as TIR <70, TIR <54,
TIR >160 mg/dl will be assessed.

Conclusion: As new technologies always take long scientific
and regulatory processes until the are available to patients for
daily life, it is necessary to start clinical studies as soon as pos-
sible in all age groups, to provide all patients the best available
therapy options.
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ATTD19-0140

WHAT ARE THE OPTIMAL SETTINGS IN TYPE 1
DIABETES PATIENTS USING CONVENTIONAL
INSULIN PUMP?

M. Zivkovic1, G. Petrovski1

1University Clinic of Endocrinology- Diabetes and Metabolic
Disorders, Center for insulin pump and sensor, Skopje,
FYR Macedonia

Aim: To describe Continuous Subcutaneous Insulin Infusion
(CSII) settings in Type 1 Diabetes (T1D) patients with optimal
glucose control.

Methods: The study enrolled ninety-three CSII patients with
T1D (age 12–25 years) that visited our center from January to
December 2016. Patient characteristics were collected through
the electronic medical record system and CSII characteristics
were obtained from 8 weeks reports prior to Hba1c, generated by
Carelink Therapy Management Software (Medtronic, North-
ridge, USA).

Results: Patients were grouped according age: 12–18 years
and 19–25 years. More than 70% of patients achieved HbA1c
<7.5% (<58 mmol/mol). Significant difference in basal insulin
was found between two age groups. Patients aged 12–18 years
had five basal segments, less basal rate in early morning (03–07h)
and slight decrease of afternoon basal rate (13–19h), comparing
with patients aged 19–25 years with four basal segments, more
basal rate in early morning (03–07h) and no decrease of after-
noon basal rate (13–19h).

Conclusion: Bolus wizard settings, frequent bolusing, mul-
tiple basal segments, and close follow up can be determinants for
better control in T1D patients. Simple CSII settings as a tool,
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derived from our data may help clinicians to fine tune T1D pa-
tients and achieve optimal glucose control.
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ATTD19-0161

GLYCEMIC POST-PRANDIAL CONTROL
ACCORDING TO BOLUS INFUSION SPEED IN
COLOMBIAN TYPE 1 DIABETICS ON SENSOR
AUGMENTED PUMP THERAPY (SAP)

P. Sánchez Márquez1, A. Jaramillo1, A. Marin Sanchez2

1Hospital de San Jose, Endocrinology, Bogota, Colombia
2Universidad Javeriana, Endocrinology, Pereira, Colombia

Material and Methods: Eight type 1 diabetic subjects
(Table 1) on continuous subcutaneous insulin infusion using the
MiniMedTM 640G system with the SmartGuard feature where
included. They received breakfast, with a carbohydrate content of
45g. After an initial use of standard speed bolus (1.5u/min infusion
rate), the patients crossed over to a fast speed bolus (15u/min).
Capillary and interstitial readings were obtained. The analysis in-
cluded the comparison of capillary readings vs interstitial readings
at pre-breakfast period, 1, 2, 3 and 4 hours after the bolus use,
hypoglycemia events (HypoE), hyperglycemic excursions and
AUC from baseline to 4h for the 2 different types of boluses.

Results: In the standard boluses, there were eight HypoE by
capillary reading, with mean glucose value 60.5 – 7.6 mg/dL,
despite the use of predictive low glucose suspend feature. By
interstitial measure there were 5 HypoE, with mean sensor value
59.6 – 10.06 mg/dl. For all HypoE the mean capillary value was
60.42 – 6.94 mg/dl. In the fast bolus period, there was only one
HypoE at 4 hours. Taking into account hyperglycemia, there
were seven hyperglycemic excursions in the standard bolus pe-
riod. Mean glucose values for the excursions by capillary and
interstitial were 202.28 – 23.19 mg/dl and 197.14 – 31.82 mg/dl
respectively. In the quick bolus period, no hyperglycemic events
were recorded. For all readings, there was no significant differ-
ence between mean glucose values with normal vs quick bolus
(p = 0.86), but the coefficient of variation was 37.9% for the
normal bolus period and 21.4% for the quick bolus.
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ATTD19-0216

INFUSION SET COMPLICATIONS ARE FREQUENT IN
LONG-TERM CSII USERS

K. Pickova1, M. Vodickova2, M. Krcma2, H. Kusova2,
Z. Rusavy2

1Institute for Clinical and Experimental Medicine, Diabetes
Centre, Prague, Czech Republic
2FN Plzen, Ist Internal Department, Pilsen, Czech Republic

Introduction: Continuous subcutaneous insulin infusion (CSII)
is an effective method of type 1 diabetes (T1D) treatment, becoming
essential part of closed loop systems. CSII infusion set is a limiting
factor of system functionality. Several studies showed a high rate of
infusion set complications in relatively short-term CSII users. The
aim of our study was to assess the rate of various complications in
long-term CSII users at a tertiary diabetes center.

Methods: We conducted a survey of 112 adult patients with
T1D using CSII for a minimum of 1 year. Objective data were
collected from electronic medical records and pump downloads.
Frequency of acute and chronic, local and metabolic complica-
tions of infusion set use, preferred infusion site, type of cannula
and education status, were assessed by patient survey.

Results: Patients were well educated about infusion set
manipulation and site rotation. Still, 20% patients changed
cannula later than recommended, 45% patients reported lipo-
dystrophy and 47% scarring. A third of patients experienced
site infection and 47% experienced DKA (diabetic ketoaci-
dosis)/hyperglycemia due to site failure. Seven percent of pa-
tients had repeated cannula kinking and 7,5% had repeated set
occlusion. Patients with a history of 1 DKA episode used more
frequently alternative insertion sites (other than abdomen),
whereas in patients with repeated DKA, no difference in in-
sertion sites was observed.

Conclusion: Infusion set remains the weak point of CSII use.
The rate of infusion set complications in long-term CSII users is
high, regardless of education status or site choice.

275

Insulin Pumps

ATTD19-0226

HOW MUCH SUCROSE IS NEEDED TO TREAT
HYPOGLYCEMIA IN ADULTS WITH T1D ON CSII
WITH PREDICTIVE LOW GLUCOSE SUSPEND
(PLGS)? PRELIMINARY RESULTS OF A RCT

M.T. Onetto1, Y. Zapata1, M. Farı́as2, F. Kara2, D. Mussri2,
B. Grassi1

1Pontificia Universidad Católica de Chile, Nutrition- Diabetes
and Metabolism, Santiago, Chile
2Pontificia Universidad Católica de Chile, School of Medicine,
Santiago, Chile

Introduction: Recommended hypoglycemia treatment in
adults considers 15 grams of carbohydrates. Suspension tech-
nology might warrant lower needs. Our aim was evaluating the
response to fewer carbohydrates for treating hypoglycemia in
T1D patients on CSII with PLGS.
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Method: Participants were blindly randomized to receive 15
or 10 grams of sucrose per episode. Treatment was indicated
when capillary glycemia (CG) was <65 mg/dL, and duplicated if
it was <50 mg/dL. Fifteen minutes after treatment, if CG was
<65 mg/dL re-treatment was indicated, and if it was >65 mg/dL,
infusion was manually resumed. After 2 weeks, participants did
crossover to the other treatment. Sensor glucose, active insulin
and time in suspension were also assessed.

Results: Sixteen subjects participated. 70 episodes were recorded
with 11 excluded for protocol violation. 85% episodes occurred with
active insulin. Baseline CG, at 15 and 30 minutes was 57, 95 and
111 mg/dL for 26 episodes with 15 grams and 54, 77 and 112 mg/dL
for 33 episodes on 10 grams (p = 0.168, p = 0.0007 and p = 0.899,
respectively). At baseline, 20% of episodes were <50 mg/dL and
required duplicated doses, and active insulin was 1.3 units for 15
grams and 1.7 for 10 grams (p = 0.414). None of the 15 grams
episodes required re-treatment, compared with 21% of the 10 grams
episodes. No severe hypoglycecmia and no rebound hyperglycemia
occurred.

Conclusions: In T1D patients on CSII with PLGS, a hypo-
glycemia treatment protocol with 10 grams of sucrose is effective
but could require repetition of treatment. Manual resuming after
treatment might warrant no risk of hyperglycemia with standard
doses.
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ATTD19-0250

DIFFERENT REACTIONS ON PHYSICAL ACTIVITY IN
PATIENTS RECEIVING INSULIN PUMP THERAPY

A. Dreval1, A. Demina1, I. Barsukov1

1Moscow Regional Research and Clinical Institute,
Endocrinology, Moscow, Russia

Introduction: Insulin pump therapy is currently the most-
physiological form of insulin delivery in patients with diabetes
mellitus (DM). Nevertheless, exercise-induced hypoglycemia
still remains a challenge in this population, as guidelines for
minimizing hypoglycemia risk are general and recommendations
given in the studies differ.

Aim: To evaluate the effectiveness of current recommenda-
tions in non-trained diabetic patients on insulin pump therapy.

Materials and Methods: Young patients with diabetes du-
ration of more than a year with stable basal rate and blood glu-
cose (BG) levels performed two sessions of a 30-minute
moderate aerobic exercise. Before the first session patients in-
stalled a 50% temporary basal rate (TBR) 90 min before and
during the exercise. If glucose levels remained stable, or hy-
perglycemia appeared during or in 2h after the exercise, the
second session was performed without any BR reduction. If
hypoglycemia appeared, 20% TBR was installed duting the
second session.

Results: Quite opposite reactions on physical activity were
observed during the study. In some patients 50% TBR caused
only the elevation of BG shortly after exercise and no changes in
BG in sessions without any BR reductions. In the others hypo-
glycemia developed. Moreover, even 20% TBR couldn’t prevent
hypoglycemia in some cases.

Conclusion: The proper insulin correction remains the chal-
lenge even in patients on insulin pump therapy, as a number of

factors should be taken into account. Despite the increasing
number of studies, there is no consensus on the schemes of BR
correction. Performed results are yet more proof that further
studies are needed.
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DISCONTINUATION RATES OF PUMP THERAPY IN
MOSCOW REGION

A. Dreval1, O. Dreval1, A. Demina1, I. Barsukov1

1Moscow Regional Research and Clinical Institute,
Endocrinology, Moscow, Russia

Introduction: Insulin pump therapy or continuous subcutane-
ous insulin infusion (CSII) is known to be one of the most effective
methods of treatment of diabetic patients. Unfortunately, some
patients decide to discontinue CSII therapy for different reasons.

Aim: To evaluate the discontinuation rates of pump therapy in
Moscow Region

Materials and Methods: Patients who were switched on in-
sulin pump therapy in Endocrinology Department of Moscow
Regional Research and Clinical Institute were followed-up from
2015 to the present day. The information about the discontinu-
ation of pump therapy was received from patients during per-
sonal visits or by phone calls.

Results: Data from 274 patients were received. About 30% of
patients discontinued CSII therapy during the first 3 months. The
rate of discontinuation then decreased, and after the 6 months
of CSII only 7% of remained patients stopped this method
of treatment. The main reason reported was the high cost of
monthly consumables, such as infusion lines, syringes, batteries
etc (89% of patients). The other reasons included: not feeling
comfortable wearing the device (5%), lack of improvement in
control (3%), dermatological problems and needle site abscesses
(2%), and total pump failure (1%).

Conclusion: Despite the obvious benefits of CSII thera-
py,patients in Moscow Region discontinue pump therapy mainly
because of the cost issues.
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ATTD19-0255

ADHERENCE TO GUIDELINES VACCINATION IN
INTENSIVE-TREATED T1DM PATIENTS

J. Moreno-Fernandez1, E.M. Ortega-Rodrigo2, J.A. Garcia-
Seco1, F. Garcia-Seco1, P. Rozas1, M. Delgado1, A.M. Seco1,
M. Aguirre1

1Ciudad Real General University Hospital, Endocrinology and
Nutrition, Ciudad Real, Spain
2Ciudad Real University, School of Medicine, Ciudad
Real, Spain

Objective: To assess the adherence to vaccination guidelines
in Type 1 Diabetes Mellitus (T1DM) patients treated with con-
tinuous subcutaneous insulin infusion (CSII) compared with
multiple daily insulin injections (MDI).
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Method: A descriptive study was conducted to assess the
adherence to guidelines vaccination (influenza, pneumococcal
and hepatitis B virus-HBV) of 111 patients on CSII or MDI
treatment (1:2). Data were gathered from electronic medical
record and personal interview.

Results: Complete vaccination adherence was followed only
by 3.6% of study population (ISCI 2.7% vs. MDI 4.1%, P > 0.05).
Null vaccine adherence was reported by 30.6% of the patients
(CSII 27% vs. MDI 32.4%, P > 0.05). Only one vaccine was
received by most of MDI-treated patients (43.2%), nevertheless
most of CSII patients were vaccinated against two different
agents (48.6%). CSII-treated patients showed greater frequency
for Pneumococal vaccination compared with MDI-treated pa-
tients (51.4 vs. 17.6, P < 0.001). Influenzae and HBV vaccination
adherence were similar between both groups (Influenzae, CSII
62.2% vs. MDI 60.8%, P > 0.05; HBV, CSII 13.5% vs. MDI
17.6%, P > 0.05).

Conclusions: Patients with T1DM on intensive regimen fol-
lowed a poor adherence to vaccination recommendations. CSII-
treated patients only showed a greater Pneumococal vaccine
adherence. Prioritizing advice and administration of vaccinations
during all points of patient contact should increase immunization
coverage recommended vaccines in patients with T1DM.
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ATTD19-0278

DISCONTINUATION OF PUMP USE IN CHILDREN
AND ADOLESCENTS WITH TYPE 1 DIABETES (T1D)

T. Sas1, C. De Jong2, M. De Vries1, P. Dekker1, H.J. Aanstoot1,
H. Veeze1, D. Mul1

1Diabeter, Research, Rotterdam, The Netherlands
2Erasmus University, Erasmus School of Health Policy and
Management, Rotterdam, The Netherlands

The effectiveness of Continuous Subcutaneous Insulin Infu-
sion (CSII) is debated. Several studies indicate that improve-
ments in glycaemic control or QoL strongly depend on
psychological, educational and motivational factors. We ana-
lysed decisions and reasons for discontinuation of pump use in
children and youth with T1D.

In a single center retrospective cross-sectional study (Diab-
eter, currently 62% CSII-use), clinical data between 2007 and
2018 were extracted from EHRs of patients aged 0–25 years.
Patient discontinuation reasons (practical, emotional and clini-
cal/technical) were assessed by questionnaire.

CSII was discontinued by 198 patients (53.8% female). Age at
diagnosis, pump initiation and discontinuation was 8.3 (5.2),
12.8 (6.8) and 16.2 (6.0) years (mean – SD), respectively. Key
discontinuation reasons reported (19% response rate): dissatis-
faction with/by CSII (device influencing body image, 66%; in-
creased confrontation with T1D, 58%). Clinical factors were
mostly advised by diabetes team members: low daily insulin dose
(skipping insulin boluses), minimal glucose measurements
(leading to worse glycaemic control), and skin infections/irrita-
tions (58%). Of 85 of 198 patients with HbA1c data available
before (HbA1c 9.8%) and 3–6 months post-discontinuation, 54%
showed improved HbA1c (-1.7%) post-discontinuation: 34%/
12% showed no change or increased HbA1c (+1.1%: here factors
other than insulin delivery likely play a determining role).

Although CSII is generally associated with improved gly-
caemic control and QoL, our data identify a subgroup with
worsening glycaemic control reporting negative experiences.
Using an approach including a realistic evaluation of patients’
expectations and preferences, we aim to timely identify patients
at risk for unsuccessful CSII and to provide appropriate training
and education before and during CSII.
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ANALYSIS OF INSULIN PUMP DEVICE
REPLACEMENT IN A GROUP OF TYPE 1 DIABETES
PATIENTS IN A STRUCTURED PROGRAM

C. Quiros1, N. Alonso1, M. Valverde1, F. Urbano1,
M.J. Barahona1, A. Simó-Servat1, A. Orois1, V. Perea1

1Hospital Universitari Mutua Terrassa, Endocrinology,
Terrassa, Spain

Aim: To change the continuous subcutaneous insulin infusion
(CSII) system could be an opportunity to improve CSII man-
agement; however, security issues could appear. The aim is to
report the feasibility and safety of the simultaneous transition
from one CSII system to another in a specific program in a group
of Type 1 Diabetes (T1D) patients.

Methods: The program consisted of 3 sessions: 1) Group
system start-up training session. 2) Call from medical staff 72h
after session 1. 3) Group training session regarding the use of
therapy management software. Demographic data, HbA1c, pump
use and settings, hypoglycaemia awareness and retrospective
continuous glucose monitoring (rCGM)data were collected pre-
viously and are being collected at 4 months from the switch.
During these 4 months clinical events, technical issues, and
training reinforcement incidents were registered.

Results: Insulin pump device has been changed in thirty-three
T1D patients during June-July 2018. Baseline characteristics and
insulin pump settings/use are shown in tables 1 and 2 respectively.
Baseline, the CGM mean blood glucose is 156.1 – 60.6 mg/dL
with 62.1% of time-in-range. The analysis about clinical or
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technical issues during 4 months follow-up as well as clinical and
pump management is currently being carried out.

Conclusions: Switching to a new insulin pump in a group of
patients is a challenge and an opportunity to improve the man-
agement of the therapy. The outcomes of the process need to be
evaluated.
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FACTORS ASSOCIATED WITH LOWER GLYCEMIC
VARIABILITY IN AN COHORT OF ADULTS WITH T1D
ON CSII WITH PREDICTIVE LOW GLUCOSE
SUSPEND (PLGS)

B. Grassi1, M.T. Onetto1, D. Mussri2, L. Tapia2, M. Aliste1

1Pontificia Universidad Católica de Chile, Nutrition- Diabetes
and Metabolism, Santiago, Chile
2Pontificia Universidad Católica de Chile, School of Medicine,
Santiago, Chile

Introduction: Current paradigm of glycemic control consid-
ers lowering A1c with low glycemic variability (GV), in order to
increase Time in Range. Our aim is to characterize a cohort of
patients on CSII with PLGS and to identify factors associated
with a lower GV.

Method: Subjects on CSII with PLGS on follow-up ‡3 months at
our clinic were included. Monthly pump downloads were recorded.
Coefficient of variation (CV) from sensor glucose was calculated
from every download, and its association with number of daily
SMBG, basal insulin percentage, daily basal segments, carbohydrate
intake, hours of PLGS, days between set change and areas under the
curve (AUC) <70 mg/dL and >140 mg/dL was explored.

Results: 72 subjects were included, aged 37 – 14 years, with
disease duration of 18 – 13 years. Most recent A1c was
6.98% – 0.56%. 49% subjects were on insulin Aspart, 39% on
Lispro and 12% on Glulisin.

401 downloads were analyzed. Low GV group, defined as CV
£36%, had mean CV of 32.5%, compared to 39.9% on the High
GV group (p < 0.0001). Factors significantly associated with CV
£36% were the number of daily SMBG (6.7 vs. 6.1, p < 0.0001),
carbohydrate intake (173 vs. 187 grams, p = 0.02), hours of PLGS
(2.3 vs. 3.1 hours, p < 0.0001), AUC <70 mg/dL (0.2 vs. 0.5,
p < 0.0001) and AUC >140 mg/dL (26.2 vs. 31.9, p < 0.0001).

Conclusions: T1D patients on CSII with PLGS with low GV
have more daily SMBG, lower intake of carbohydrates, less hours
of PLGS, lower AUC <70 mg/dL and lower AUC >140 mg/dL.
These factors should be evaluated and incorporated in clinical
decision making.
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PSYCHOLOGICAL INDICATORS AND
HYPOGLYCAEMIA AWARENESS STATUS
AMONGST PEOPLE WITH TYPE 1 DIABETES ON
INSULIN PUMP THERAPY

P. Thomakos1, F. Griva2, O. Kepaptsoglou1, A. Kallis3,
G. Vaslamatzis2, A. Mitrakou4, C. Zoupas1

1Hygeia General Hospital, Diabetes Center and Clinic,
Athens, Greece
2National and Kapodistrian University of Athens Aiginiteio
Hospital, Psychiatric Division, Athens, Greece
3Medtronic Diabetes, Medical Training, Athens, Greece
4National and Kapodistrian University of Athens, Department
of Clinical Therapeutics, Athens, Greece

Randomized clinical trials of insulin pump therapy and con-
tinuous glucose monitoring have shown that diabetes technology
can prevent severe hypoglycemia, albeit without improving hy-
poglycemia awareness (HA). Aim of the study was to assess
general psychopathology in insulin pump users in relation to HA
status. Measures of psychological assessment, the T1-DDS ex-
ploring diabetes distress (DD), the SCL-10R assessing psycho-
logical distress, and the DSQ-40 assessing defense mechanisms,
were distributed to 40 adults with Type 1 DM on insulin pump
therapy. HA status was assessed using the Gold score. Sixteen
people had impaired hypoglycaemia awareness (IHA) and 24
intact HA [(mean – SD) age: 40.67 – 9.13 vs. 42.11 – 8.52 years,
diabetes duration: 27.0 – 10.7 vs. 27.11 – 10.6 years, HbA1c:
7.14 – 0.5% vs. 7.13 – 0.8%; p = NS]. Adults with IHA reported
higher levels of psychological disturbance (t = 2.05, p = 0.041).
Significant differences were observed in psychoticism reflecting
alienation and cognitive difficulty (feeling that something is
wrong with one’s mind), (t = 2.73, p = 0.009), obsessive com-
pulsiveness reflecting difficulty in making decisions (t = 2.21,
p = 0.033), phobic avoidance (t = 2.08, p = 0.044) and paranoid
ideation in being talked about or watched by others (t = 3.66,
p = 0.001). Participants with IHA had higher scores on the de-
fense mechanisms of projection (t = 3.68, p = 0.001) and denial
(t = 3.84, p < 0.001). They also experienced higher levels of DD
in their social environment (t = 2.05, p = 0.047). Results indicate
that despite the use of insulin pump therapy, IHA remains present
in people with elevated levels of psychological disturbances.
Psychological assessment to identify those who are less likely to
benefit from modern diabetes technology should direct targeted
interventions to improve hypoglycaemia awareness.
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ATTD19-0363

AFTER SIX MONTHS,PUMP TREATMENT IN TYPE 2
DIABETIC PATIENTS LESS REDUCE PLASMA
GLUCAGON VALUES THAN MULTI-DAILY
INJECTIONS TREATMENT

S. Baillot-Rudoni1, B. Bouillet1, M.C. Brindisi1, M.P. Monnier1,
J.M. Petit1, A. Penfornis2, B. Vergès1

1CHU François Mitterrand, Endocrinologie- Diabétologie et
Maladies métaboliques, Dijon, France
2Centre Hospitalier, Diabétologie et Maladies Métaboliques,
Corbeil, France

We showed previously with preliminary results that insulin
resistance and liver fat content were correlated in type 2 diabetic
patients treated with multi-daily injections (MDI) using gold-
standard methods. The aim of this work was to present interesting
data after randomly pump versus MDI treatment in type 2 dia-
betic patients (T2DP). Patients and Methods: we tested at 6
months clinical, biological, CGM registration and liver fat
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content effects in T2DP with either randomly pump or MDI
treatment. Results. In 13 T2DP, we found no significant modifi-
cations in term of weight and insulin doses, neither in liver fat
content using spectroscopy RMN; there was a tendency to a better
metabolic control in the group pump (N = 8) compared to MDI
(N = 5), p = 0.09. AUC over 180 mg/dl/day was significantly
lower in the pump group versus MDI, p = 0.05. In each group
during CGM registration, the difference in glycaemic variability
between baseline and 6 months was significantly lower in the
pump group compared with the MDI group p = 0.03. Unexpected,
T2DP treated with pumps less modified plasma glucagon values
than patients treated with MDI, p = 0.018. Conclusions. Because
of a too small number of patients in each group, more significant
results could not be demonstrated. Nevertheless, AUC over
180 mg/dl/day was significantly lower in the pump group versus
MDI; interesting, difference between baseline and 6 months in the
two groups regarding plasma glucagon values was higher in
T2DP treated with MDI. May be the meaning of this result needs
to be lightening with the new biology of glucagon.
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FACTORS ASSOCIATED WITH LOWER GLYCEMIC
VARIABILITY IN A COHORT OF CHILDREN WITH
T1D ON CSII WITH PREDICTIVE LOW GLUCOSE
SUSPEND (PLGS)

B. Grassi1, M.F. Ochoa2, F. Riera2, V. Pérez2, M.T. Onetto1

1Pontificia Universidad Católica de Chile, Nutrition- Diabetes
and Metabolism, Santiago, Chile
2Pontificia Universidad Católica de Chile, Pediatric
Endocrinology, Santiago, Chile

Introduction: Lowering A1c with low glycemic variability
(GV) could maximize the Time In Range. Our aim study is to
characterize a cohort of children with T1D on CSII with PLGS
and to identify factors associated with lower GV.

Method: Children on CSII with PLGS on follow-up ‡1 month
at our clinic were included. Monthly pump downloads were re-
corded. Coefficient of variation (CV) from sensor glucose was
calculated from every download, and its association with number
of daily SMBG, basal insulin percentage, daily basal segments,
hours of PLGS, days between set change and areas under the
curve (AUC) <70 mg/dL and >140 mg/dL was explored.

Results: 55 subjects were included, aged 8.3 – 4.6 years old,
with disease duration of 3.7 – 2.7 years, with weight 27.6 – 12.4 kg.
Most recent A1c was 7.1% – 0.47%.

291 downloads were analyzed. Low GV group, defined as CV
£36%, had mean CV of 33.6%, compared to 41.5% on the High
GV group (p < 0.0001). Factors significantly associated with CV
£36% AUC <70 mg/dL (0.2 vs. 0.5, p < 0.002) and AUC
>140 mg/dL (29.2 vs.36.8, p < 0.0001). No other factor showed
significant association.

Conclusions: Children with T1D on CSII with PLGS with low
GV have lower AUC <70 mg/dL and lower AUC >140 mg/dL.
Differently from our adults’ cohort, other factors explored
showed no significant association, which may reflect the high
variability in the daily behavior of children with Diabetes.
However, the fact that it was associated with lower AUC <70,
reinforces the idea of the importance of aiming to reduce gly-
cemic variability to lower the risk of hypoglycemia.
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USE OF CONTINUOUS SUBCUTANEOUS INSULIN
INFUSION FOR MANAGEMENT OF DELAYED
HYPERSENSITIVITY REACTION TO INSULIN

G. Atlas1, M. White1, Y. Andersson2, J. Su3, M.M. Tam4,
A. Lee5, S. Barnes6, J. Hewitt1

1Monash Children’s Hospital, Paediatric Endocrinology,
Melbourne, Australia
2Frankston Hospital, General Paediatrics,
Melbourne, Australia
3Royal Children’s Hospital Melbourne, Dermatology,
Melbourne, Australia
4Melbourne Skin Clinic, Dermatology, Melbourne, Australia
5Monash Medical Centre, Dermatology, Melbourne, Australia
6Monash Medical Centre, Allergy and Immunology,
Melbourne, Australia

A 15 year old boy with type 1 diabetes mellitus developed
delayed hypersensitivity reactions to multiple different insulin
formulations. In the days following injection of subcutaneous
insulin, he developed localised erythema, abscess formation and
ulceration at each injection site with insulins Novorapid, Hu-
malog, Protaphane, Levemir and Lantus. A less severe reaction
occurred with Actrapid and Apidra. When assessing the excipi-
ents, it was noted that unlike all the other insulin formulations,
Apidra does not contain zinc compounds.

Skin biopsy detected mixed inflammatory infiltrate. Patch
testing was inconclusive and intradermal testing was pursued.
Unfortunately intradermal testing was also inconclusive to a
specific allergen, but does not exclude T cell mediated (delayed
hypersensitivity) pathology.

The decision was made to commence the patient on an insulin
pump with subcutaneous infusion of Apidra via a desensitisation
protocol. During inpatient admission, intravenous Actrapid in-
fusion was commenced and all subcutaneous insulin ceased.
Apidra was infused in a gradually increasing dose from 0.025
units/hour to full basal requirement over 48 hours.

This case demonstrates the use of insulin pumps for man-
agement of patients with insulin allergy and the successful use of
an insulin desensitisation protocol.
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BASAL RATES DELIVERED ACCORDING TO
TYPICAL CIRCADIAN PROFILES WITH BOLUSES:
ACCURACY OF DIFFERENT INSULIN PUMPS

R. Ziegler1, U. Kamecke2, D. Waldenmaier2, J. Mende2,
C. Haug2, G. Freckmann2

1Diabetes Clinic for Children and Adolescents, n/a,
Muenster, Germany
2Institut für Diabetes-Technologie Forschungs- und
Entwicklungsgesellschaft mbH an der Universtät Ulm, n/a,
Ulm, Germany

Background and Aims: Insulin pumps are commonly used in
the therapy of persons with type 1 diabetes. EN 60601-2-24
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describes test settings and procedures for evaluating infusion
pumps with constant flow rates; however, most basal rates follow
a circadian pattern and boluses are given in addition. In this
study, accuracy of different insulin pumps was evaluated in an
experimental setting based on EN 60601-2-24.

Method: The insulin pumps Accu-Chek� Insight, Accu-
Chek� Spirit Combo, MiniMed� 640G, MiniMed� 670G, Om-
niPod� and mylife� YpsoPump were tested. Evaluations were
based on the weight increase of a water-filled, oil-covered beaker
placed on an electronic balance into which insulin was delivered.
Pumps were installed outside of the balance with infusion sets or
a steel pipe (for patch pump), respectively, connected to the
beaker. After priming, a circadian basal rate profile (20U/24h)
was run for 48h. In addition, three insulin boluses (8, 10 and 15U)
were delivered during the first 24h. Each pump was tested 9
times; total deviations over 48h and percentages of individual 1h-
windows inside of a target range of –15% were calculated.

Results: Over 48h, mean total deviations from target ranged
from -0.3% to +1.9% for the different systems. Percentages of
1h-windows within –15% of target ranged from 63.9% to 94.4%
during the first 24h (with included boluses) and from 68.5% to
100% during the second 24h.

Conclusion: In this study, deviations from target were small
for all insulin pumps over total observation period; however,
accuracy markedly differed between the pumps over shorter time
windows with included boluses.
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DESIGN OF A NOVEL, AFFORDABLE INSULIN PUMP
FOR TYPE-1 DIABETIC PATIENTS IN RESOURCE
CONSTRAINED SETTINGS

M. Arora1, R.S. Nambiar1, D. Karia1

1Indian Institute of Science, Centre for Product Design and
Manufacturing, Bangalore, India

Numerous studies have extensively documented the benefits
of Continuous Subcutaneous Insulin Infusion (CSII) over Mul-
tiple Daily Injections (MDI) as an insulin therapy for Type 1
Diabetes Mellitus (T1DM) patients. Despite such overwhelming
evidence in support, adoption of CSII is sparse, particularly in
resource constrained settings like India. Institutional factors
aside, fixed and recurring costs of such a device are often found
to be a withholding factor to widespread adoption. The abstract
describes the development of an novel, affordable insulin pump
for T1DM patients matching the specifications of a state-of-the-
art pump, while bringing down the cost significantly.

Most pumps rely on a lead screw/nut coupled with a geared
DC motor to achieve precise micro-motion. These motors typi-
cally make use of micro-gears as a means of speed reduction,
which are inherently expensive to manufacture. Consequently,
they contribute significantly to the final cost of a pump. In this
work we take an approach to distribute the requisite speed re-
duction in multiple stages, with an acceptable compromise on the
product size. The system is actuated by a nominal DC geared
motor and a novel mechanism of converting continuous rotary
input to intermittent output. The kinematic chain is feedback
controlled which ensures volumetric accuracy of the delivered
fluid. The pump can be wirelessly controlled via a remote. The

same wireless channel can be used to connect to a Continuous
Glucose Monitoring (CGM) device for subsequent integration
with an Artificial Pancreas system. Preliminary accuracy tests
show promising results comparable to commercially available
devices.
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INTENSIVE INSULIN THERAPY WITH CONTINUOUS
SUBCUTANEOUS INSULIN INFUSION

S. Oliveira1, C. Neves1,2, C. Esteves1, J.S. Neves1,
A.I. Oliveira1, M. Pereira3, C. Arteiro3, A. Costa3,
M. Carmo Redondo3, R. Baltazar3, D. Carvalho1,2

1São João Hospital Center- Faculty of Medicine of the
University of Porto, Department of Endocrinology- Diabetes
and Metabolism, Porto, Portugal
2Faculty of Medicine of the University of Porto, Institute for
Research and Innovation in Health Sciences i3s,
Porto, Portugal
3São João Hospital Center, Department of Endocrinology-
Diabetes and Metabolism, Porto, Portugal

Objective: To compare intensive insulin therapy through
continuous subcutaneous insulin infusion (CSII) and multiple
daily insulin injections (MIDI) regarding glycemic control,
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microalbuminuria, lipid profile, body mass index and frequency
of adverse events.

Material and Methods: Retrospective observational study
involving 59 patients with type 1 diabetes followed at endo-
crinology clinic of the São João Hospital Center that per-
formed intensive insulin therapy through CSII for more than 6
years, having previously used the MIDI for a period of more
than 6 months. Data was collected from the clinical process
comparing the period of MIDI and after 2, 4 and 6 years after
CSII.

Results: 59 patients with a mean age of 41 – 10 years, diag-
nosed with type 1 diabetes and with an average disease duration
of disease of 17 – 9 years were evaluated. The HbA1c values
were significantly lower in the three CSII periods compared to
the MIDI period. The parameters of the lipid profile, ISF and
I:CH ratio did not show statistically significant differences in any
of the periods.The median values of microalbuminuria of the
MIDI period was identical to the period of CSII. Regarding body
mass index, a statistically significant increase was found 6 years
after start of CSII. The frequency of adverse events associated
with CSII therapy was reduced.

Conclusion: The change from the MIDI to CSII strategy
allowed a better glycemic control during the first 6 years, with
no change in the lipid profile or high frequency of adverse
events.
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ATTD19-0433

PREGNANCY OUTCOME IN WOMEN WITH TYPE 1
DIABETES MELLITUS TREATED SENSOR
AUGMENTED PUMP, PREDICTIVE LOW-GLUCOSE
INSULIN SUSPEND PUMP (640G) OR MULTIPLE
DAILY INSULIN INJECTION

K. Cyganek1,2, J. Skupien2, P. Witek1,2, I. Lason1, M. Malecki1,2

1University Hospital, Department of Metabolic Diseases,
Krakow, Poland
2Jagiellonian University- Medical College, Department of
Metabolic Diseases, Krakow, Poland

Background: Excellent glycemic control before and during
pregnancy complicated by type 1 diabetes (T1DM) are important
to limit number of poor obstetric and neonatal outcomes.

The aim of the study was to assessed pregnancy outcome of
pregnant T1DM women treated three different methods:
sensor augmented pump (SAP), pumps with predictive low-
glucose insulin suspend (640G) or multiple daily insulin in-
jection (MDI).

Materials and Methods: We analyzed medical records of 81
pregnant T1DM women, treated: SAP therapy (n = 56), 640G
(n = 14) or MDI (n = 11). CGM were used by 13/14 (93%) women
640G group, 15/56(27%) SAP group and 0/11(0%) MDI group.
We analyzed of glycemic control as assessed by the HbA1c level,
pregnancy outcomes.

Results: The statistically lower level of HbA1c was observed
in 640G group as compare with SAP and MDI group, before
pregnancy (6.0% vs 6.5% (p = 0.31) vs 6.9% (p = 0.089), re-
spectively, at the 1st trimester (5.7% vs 6.1% (p = 0.39) vs 6.8%
(p = 0.0007); during 2nd (5.1% vs 5.6% (p = 0.042) vs 5.7%
(p = 0.0025); 3rd trimester (5.2% vs 5.7% (p = 0.022) vs 6.1%

(p = 0.0038). We observed higher frequency of macrosomia in
MDI group (respectively 640G 14%, SAP 26% and MDI 37%;
p = 0.77). In 640G group we found statistically lower frequency
of composite pregnancy outcome (macrosomia, SGA, fetal
malformations, end of pregnancy before 37 weeks) as compared
with SAP and MDI, respectively: 21% vs 50% vs 64%; p = 0.07.

Conclusions: The observation shows the effectiveness of the
predictive low-glucose suspend (640G) insulin pump during
pregnancy in diabetic women in achieving the glycemic target
and improvement of pregnancy outcomes.
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EARLY INTENSIFICATION WITH FIXED-RATIO
COMBINATION OF BASAL INSULIN AND GLP-1
RECEPTOR AGONIST IN T2DM: IMPACT OF ONLINE
EDUCATION ON PRIMARY CARE PHYSICIAN
KNOWLEDGE AND COMPETENCE

J. Trier1, G. Griffith .2, F. Ampudia-Blasco Javier3,
R. McCarthy1

1WebMD, Medscape Education, New York, USA
2WedMD, Medscape Education, New York, USA
3University of Valencia, Medicine Department, Valencia, Spain

Purpose: To determine if online medical education for
primary care physicians (PCPs) can improve knowledge re-
garding clinical trial data and benefits of early intensification
with basal insulin (BI)/GLP-1 receptor agonist (GLP-1 RA)
fixed-ratio combinations (FRCs) and their competence in
identifying appropriate patients with T2DM who would benefit
most from such FRCs.

Methods: The educational activity consisted of a 30-min
online, 4 faculty, video panel discussion with synchronized
slides. Educational effect was assessed with a repeated pairs pre- /
post-assessment study with a 3-item, multiple-choice, knowl-
edge/competence questionnaire and one confidence assessment
question. For all questions, each participant acts as his/her own
control. A vi-squared test assessed statistical significance at the
P < 0.5 level. The activity launched December 22, 2017; data
were collected until January 26, 2018.

Results: Participation in this activity significantly (P < .0001)
improved PCPs’ (n = 501) knowledge and competence by 40% to
55%, with respect to:

� How to initiate therapy with BI/GLP-1 RA FRCs
� Their clinical benefits
� Relationship of HbA1c reduction to baseline levels
� Impact on the composite outcome of no increase in body

weight, no documented hypoglycemia, and achievement
of guideline-recommended glycemic control

Confidence levels for PCPs prescribing a BI/GLP-1 RA FRC
in patients with T2DM improved by 26%.

Conclusions: Participation of PCPs in an online 30-minute
video panel discussion with synchronized slides improved
knowledge, competence and confidence regarding the clinical
benefits and practical use of novel BI/GLP-1 RA FRCs in ap-
propriate patients with T2DM. Further education is warranted
on the advantages and utility of such FRCs in T2DM man-
agement.
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ATTD19-0194

BIOCHAPERONE COMBO, A CO-FORMULATION OF
LISPRO AND GLARGINE, IMPROVES
POSTPRANDIAL GLUCOSE CONTROL COMPARED
TO LISPROMIX25 OR LISPRO AND GLARGINE
INJECTIONS IN TYPE 2 DIABETES SUBJECTS

C. Mégret1, G. Meiffren1, L. Plum-Mörschel2, T. Herbrand3,
O. Klein3, E. Anastassiadis2, M. Gaudier1, O. Soula1, B. Alluis1,
T. Heise3

1Adocia, Research & Development, Lyon, France
2Profil Mainz, Clinical, Mainz, Germany
3Profil Neuss, Clinical, Neuss, Germany

BioChaperone Combo (BC Combo) is a co-formulation of the
prandial insulin lispro (25%) and the basal insulin glargine (75%)
demonstrating a rapid prandial then a prolonged flat basal pro-
file compared to the premix insulin LisproMix25 (Huma-
log�Mix25). In a double-blind, double dummy, cross-over trial,
the effects of BC Combo on postprandial glucose control were
investigated in comparison to LisproMix25 and the separate in-
jections of glargine U-100 (Lantus�) and lispro (Humalog�)
(G+L). Thirty-nine type 2 diabetes participants (mean–SD age
60.8 – 7.5 years and HbA1c 7.97 – 0.6 %) were randomised to
receive the treatments immediately before a standardised solid
meal test (610 kcal 20% protein, 30% fat, 50% carbohydrates) on
three separate dosing visits. The individual insulin dose was the
same with each treatment (mean 0.62 U/kg).

BC Combo demonstrated improved postprandial glucose
control compared to both comparators, with reduction of incre-
mental blood glucose excursions over two hours (DAUCBG,0-
2h) of 18% compared to LisproMix25 (p = 0.0009) and 10%
compared to G + L (p = 0.0450). Subjects spent more time in the
blood glucose range 72-162 mg/dL with BC Combo than with
lisproMix25 (p = 0.0384). The number of mealtime hypogly-
caemic episodes was lower with BC Combo (22 events) than
with LisproMix25 (43 episodes; p = 0.0028) and numerically
lower than G + L (28 episode; p = NS). The PK profile of BC
Combo showed a faster time to insulin peak and a lower exposure
in the 2-6h period than the comparators.

In this study in type 2 diabetes subjects, BC Combo improved
postprandial glucose control compared to lisproMix25 and the
separate injections of glargine and lispro.
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ATTD19-0424

NMR AS A METHOD TO EVALUATE THE QUALITY
OF INSULIN ANALOGUES - CONCENTRATION,
VARIATION AND CONTENT OF ADDING PRODUCTS

G. Forsander1, D. Malmodin2, A. Pedersen3, B.G. Karlsson3

1The Queen Silvia Childrens Hospital, Dept of Pediatrics-
University of Gothenburg, Gothenburg, Sweden
2Swedish NMR Centre at the University of Gothenburg-,
University of Gothenburg, Gothenburg, Sweden
3Swedish NMR Centre at the University of Gothenburg,
University of Gothenburg, Gothenburg, Sweden

Background: Nuclear magnetic resonance (NMR) spectros-
copy is the golden standard in structure elucidation of small
organic molecules. It is also used for mixture analysis and me-
tabolomics due to the inherent quantitative aspects of the tech-
nique. The information extracted from NMR is more extensive
than e.g. reverse phase HPLC methods. Even in the 1D NMR
case which is swiftly recorded in the time-frame of a few minutes
per sample it provides not only absolute quantification of mul-
tiple mixture components by simply integrating their corre-
sponding peaks which are proportional to their concentrations. It
is very sensitive to changes of e.g. peptide secondary and tertiary
structure, peptide interactions, and pH or ionic strength varia-
tions, all seen as perturbations in the chemical shifts, i.e. slight
but notable changes of peak positions along the x-axis.

Aim: To evaluate 1D 1H NMR as a method for rapid and
robust characterization of insulin in terms of insulin concentra-
tion, variability and excipient content in as close to native state as
possible. A comprehensive study of five of the most common
commercial insulins, not directly from the manufacturer, but
rather about to be delivered or already in the hands of patients,
was performed.

Result: 1D 1H NMR spectroscopy, combined with minimal
pre-analytical sample preparation on insulin samples can be used
to rapidly detect and characterize concentration changes and
general variability as well as determine the additive content. Our
finding provokes the question why the established quality control
method is reverse-phase HPLC where only the concentration can
be assessed.
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ATTD19-0431

USE OF SECOND-GENERATION LONG-ACTING
INSULIN ANALOGS: REAL-WORLD DATA ON
INSULIN DEGLUDEC AND INSULIN GLARGIN
U 300 FROM THE GERMAN DPV REGISTRY

T. Danne1, P. Bramlage2, S. Merger3, C. Wagner4, K. Laubner5,
S. Kress6, J. Hermann7, R. Holl7

1Children Hospital Auf der Bult, Pediatrics,
Hannover, Germany
2IPPMED, Pharmacology, Mahlow, Germany
3Coburg Hospital, Internal Medicine, Coburg, Germany
4diabetes practice, internal medicine, Saaldorf-
Surheim, Germany
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5University of Freiburg, Internal Medicine, Freiburg, Germany
6Vinzentius-Hospital, Internal Medicine, Landau, Germany
7University of Ulm, Institute of Epidemiology and medical
Biometry, Ulm, Germany

Insulin Degludec and insulin glargin U300 are second-
generation long-acting basal insulins. In Germany, insulin de-
gludec was available from 2013 to 2015, while insulin glargin
U300 is available since 2015. This study is based on a large
quality-control registry in Germany (DPV prospective follow-
up). Aim: to describe patient groups who opted to use these
second generation basal analogs. By September 2018, 7489 pa-
tients in the database used insulin glargin U300. 56.7% were
male, mean age was 58.4 years, mean diabetes-duration was 13.5
years. 2132 patients (28.5 %) were classified as type-1 diabetes,
5023 (67.1%) as type-2, 334 (4.4%) as other types. For 1528
patients, basal insulin therapy previous to initiation of glargin300
was documented: 51.4 % switchted from glargin U100 to glargin
U300, 35.4 % switched from insulin degludec, 26.8 % from in-
sulin detemir and 18.6 % switched from NPH to glargin U300.

1536 patients used insulin degludec (51.9% male, age 41.2
years, mean duration of diabetes 12.7 years; 1019 (66.3 %) type-
1-diabetes, 456 (29.7%) type-2-diabetes, 61 patients: other types
(4.0 %). Most patients (41.3 %) switchend from insulin detemir
to Degludec, followed by Glargin (39.2 %) and NPH (19.5 %).

In conclusion, patient characteristics differed significantly
between those choosing insulin degludec or insulin glargin
U300. Due to the specific situation of market availability in
Germany, long acting insulins used prior to this switch again are
remarkably different. Registries reflect real-world use of thera-
peutic options, with the respective availability / reimbursement
for individual patients in different regions being an important
prerequisite.
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ATTD19-0205

GLYCEMIC CONTROL AND SATISFACTION WITH
ANALYSES USING AN INSULIN PEN WITH MEMORY
AND DOWNLOADING FUNCTION

E. Ogionwo Lange1, P. Adolfsson2, N. Helm3

1the Department of Research and Development- Hallands
Hospital Halmstad- Sweden, the Pediatric Diabetes
Department- Hallands Hospital Halmstad- Sweden,
Halmstad, Sweden
2the Institute of Clinical Science- Sahlgrenska Academy at the
University of Gothenburg- Sweden, the Pediatric Diabetes
Outpatient Clinic- Hallands Hospital Kungsbacka- Sweden,
Kungsbacka, Sweden
3the Division of Clinical Cancer Epidemiology- Department of
Oncology- Sahlgrenska Academy at the University of
Gothenburg- Sweden, the Pediatric Diabetes Outpatient Clinic-
Hallands Hospital Kungsbacka- Sweden, Kungsbacka, Sweden

Background and Aims: To evaluate glycemic control and
satisfaction with the analyses at consultation using Novopen5-
Plus� - an insulin pen with memory and downloading function.

Methods: 31 patients (age 9-18) followed at the pediatric
clinic, Halland County Hospital, Sweden, July 2017- September

2018, were included. Each patient had a startup and a follow-up
visit after 6 months. HbA1c, average glucose value, glucose
variability, and percentages of time in range (70–180 mg/dl) and
hypoglycemia over the last 14 days were registered. Additionally,
the patients and the doctors valued their satisfaction with the
analyses (of downloaded data) at both visits. Analyses with
Wilcoxon signed rank tests were performed.

Results: Median HbA1c in girls exceeded HbA1c in boys at
startup, but improved statistically significant between visit 1, 7,5%,
(59 mmol/mol, range 45–76) and 2, 6,8%, (median 51 mmol/mol,
range 45–66) (p = 0.047), whilst there was no statistically signifi-
cant change in HbA1c amongst boys or the whole group. However,
the entire group showed a statistically significant improvement in
percentage of time in range between visit 1 (median 49, range 17–
81) and 2 (median 51, range 28–79)(p = 0,033). Patient’s satisfac-
tion with the analyses improved statistically significant between
visit 1 and 2 (p = 0.005), and so did the doctor’s (p < 0,001).

Conclusions: The use of an insulin pen with ability to down-
load data improved both patient’s and doctor’s satisfaction with
the analyses. For girls HbA1c was decreased, however on group
level it did not improve glycemic control. All children wanted to
continue with the pen at the end of the study.
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ATTD19-0305

COMPARISON OF CAPILLARY BIOMEDICAL’S
INSULIN INFUSION SET WITH A SOFT/FLEXIBLE
POLYMER WIRE-REINFORCED CANNULA AND
MULTIPLE ORIFICES TO COMMERCIAL TEFLON
SETS USING MICRO-CT &AMP; HISTOLOGY
IMAGING

J. Joseph1, M. Torjman1, C. Loeum1, G. Eisler1, A. Khalf1,
P. Strasma2

1Thomas Jefferson University, Anesthesiology,
Philadelphia, USA
2Capillary Biomedical- Inc., Research, Irvine, USA

Insertion of a CSII cannula through the skin into the subcu-
taneous tissue damages cells, connective tissue and extracellular
matrix. A layer of thrombus and acute inflammatory tissue de-
velops around the cannula due to insertion trauma, motion in-
duced trauma, and the pro-inflammatory effects of the foreign
body and insulin excipients.

We compared the performance of CapBio investigational CSII
catheters with a soft/flexible polymer wire-reinforced kink-proof
cannula with multiple orifices to commercial CSII catheters with
a Teflon cannula with one distal orifice in large swine. An in-
vestigational and commercial CSII were inserted into the sub-
cutaneous tissue of the abdomen every other day for 14 days.
Insulin lispro (U-5) was infused through the CSII catheters using
the same basal/bolus pattern. On day # 14, a 70 ul bolus of
insulin/x-ray contrast agent was infused through each CSII
catheter. The tissue surrounding each CSII was excised 5 minutes
later, frozen, and imaged using a high-resolution micro-CT
scanner. The tissue was then processed and stained to produce
high-resolution histology images.

Histology images revealed a significantly thinner and smaller
area of inflammatory tissue around the CapBio CSII cannulas
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compared with the commercial CSII Teflon cannulas. Micro-CT
images revealed a significantly larger volume and surface area of
insulin/x-ray contrast agent delivered into the subcutaneous tis-
sue when infused through the CapBio CSII compared with the
commercial CSII catheters. Statistical analysis is currently being
completed.

There is great clinical need for an insulin infusion set that
functions reliably for more than 2–3 days with improved con-
sistency of insulin absorption (PK).
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ATTD19-0339

CLINICAL EFFECTIVENESS OF SWITCHING FROM
INSULIN PEN DEVICES TO A 24-HR WEARABLE
INSULIN DELIVERY DEVICE IN PATIENTS WITH
TYPE 2 DIABETES PRESCRIBED BASAL-BOLUS
THERAPY

R. Hundal1, S. Kowalyk Kowalyk2, J. Cases3, A. Al-Kardsheh4,
A.P. Wakim5, M. Doyle6, A. Spence7, J. Sink8, J. Brewer9,
C. Nikkel10

1First State Endocrinology, Endocrinology, Newark, USA
2Endocrinology Specialists- P.C., Endocrinology,
Greensburg, USA
3Dr. Jane 360, Endocrinology, Marietta, USA
4The Endocrine Center, Endocrinology, Houston, USA
5Wheeling Hospital, Endocrinology, Wheeling, USA
6Progressive Diabetes Care- PLLC, Diabetes, Erwin, USA
7Innovative Health Solutions- LLC, Diabetes, Picayune, USA
8The Jones Center for Diabetes and Endocrine Wellness,
Endocrinology, Macon, USA
9The Diabetes and Endocrine Center of Mississippi,
Endocrinology, Jackson, USA
10Valeritas- Inc, Medical Affairs, Edmond, USA

Background and Aim: Insulin pen devices address many of
the concerns with vial and syringe therapy and have led to in-
creased adherence. However, insulin pens do not address patient
concerns of injection frequency, injection embarrassment or the
inconvenience to carry supplies when away from home. A novel
24-hr wearable insulin delivery device (V-Go�) offers discreet
basal-bolus insulin delivery, without the need for multiple daily
injections or additional supplies. This analysis evaluated the
clinical effectiveness of switching to V-Go for basal-bolus
therapy and explored if baseline doses of basal or prandial insulin
impacted the effectiveness of V-Go.

Methods: Nine diabetes centers in the United States partici-
pated in this retrospective study using electronic medical records
to extract data. Patients uncontrolled (A1C ‡ 7.0%) and pre-
scribed basal-bolus therapy administered by pen devices prior to
V-Go were included in the evaluation. Change in A1C and in-
sulin dosing compared to baseline were evaluated and based on
baseline basal and prandial doses (£ 50 or >50 U/day).

Results: Patients (N = 148) were evaluated. Mean baseline
characteristics were A1C 9.1%, weight 218 lbs, insulin basal,
prandial and total U/day were 47, 35 and 82, respectively. After 3
and 7 months of V-Go use, A1C and insulin doses were signif-
icantly reduced compared to baseline. Insulin needle sticks de-
creased from 4.2/day to 1/day with V-Go. Significant reductions

in A1C and total insulin were also observed when stratified based
on baseline dosing.

Conclusion: Basal-bolus therapy with V-Go resulted in sig-
nificant reductions in A1C and insulin compared to prior pen
therapy.
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ATTD19-0045

EFFECT OF THE GLP-1 RECEPTOR AGONIST
EXENATIDE ON AWARENESS OF HYPOGLYCAEMIA
IN PATIENTS WITH TYPE 1 DIABETES AND
IMPAIRED AWARENESS OF HYPOGLYCAEMIA

L. Van Meijel1, H.M. Rooijackers1, C.J. Tack1, B.E. de Galan1

1Radboud university medical center, Department of Internal
Medicine, Nijmegen, The Netherlands

Background: Impaired awareness of hypoglycaemia (IAH), a
syndrome caused by recurrent hypoglycaemia, affects *25% of
patients with type 1 diabetes (T1D) and can be reversed by strict
avoidance of hypoglycaemia for 3 weeks. Adjunctive treatment
with GLP-1 receptor agonists has been associated with lower risk
of hypoglycaemia. The aim of our study was to investigate the
effect of exenatide on awareness of hypoglycaemia in people
with T1D and IAH.

Methods: In this randomized double-blind, placebo-controlled
cross-over trial, we included ten patients with T1DM and IAH
(age 38.5 – 4.4 years, 40% males, BMI 27.0 – 1.5 kg/m2, disease
duration 21.7 – 4.3 years, HbA1c 55.2 – 1.5 mmol/mol). They were
treated with exenatide 5 lg BID (first 2 weeks), followed by 10 lg
BID for 4 weeks or matching placebo, with a washout period of 4
weeks. At the end of each treatment period, subjects underwent
a modified hyperinsulinaemic normoglycaemic-hypoglycaemic
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glucose clamp (glucose nadir, 2.5 mmol/L). Blinded continuous
glucose monitors were used in the final treatment weeks.

Results: Treatment with exenatide did not change median
(IQR) percentage of time spent in hypoglycaemia (15.5 [4.5,
25.5] vs. 7.8 [4.4, 17.1]%, p = 0.11) and mean (–SEM) frequency
of hypoglycaemia (15.8 – 3.7 vs. 12.1 – 3.5 events, p = 0.19).
There was a significant change in body weight after treatment
with exenatide when compared to placebo (-3.9 – 0.9 vs.
0.6 – 1.2 kg, p = 0.047). We found no differences in symptom
scores or in counterregulatory hormone levels in response to
clamped hypoglycaemia.

Discussion/conclusion: Six weeks treatment with exenatide
did not affect awareness of hypoglycaemia in patients with T1D
and IAH.
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ATTD19-0078

STUDY OF GLUTATHIONE STATUS AND ITS
CORRECTION IN PATIENTS WITH TYPE 2 DIABETES
MELLITUS AND MACROANGIOPATHY OF THE
LOWER EXTREMITIES

L. Kolesnikova1, N. Shemyakina2, E. Namokonov2,
M. Darenskaya1, L. Grebenkina1, S. Kolesnikov3

1Scientific Centre for Family Health and Human Reproduction
Problems, Personalized medicine, Irkutsk, Russia
2Chita State Medical Academy, General and Specialized
Surgery, Chita, Russia
3Scientific Centre for Family Health and Human Reproduction
Problems- Moscow State University Lomonosov M.V.,
personalized medicine, Irkutsk- Moskow, Russia

Background and Aims: The aim of the study was to evaluate
the effectiveness of the antioxidant drug in patients with type 2
diabetes mellitus (T2DM) and macroangiopathy of the lower
extremities for correction of glutathione status.

Method: 40 men with T2DM and macroangiopathy of the
lower extremities, 20 men with T2DM without such complica-
tions and 30 - control group were involved in the study. Then 20
patients from the group with T2DM and macroangiopathy of
the lower extremities additionally applied the solution of N-
acetylcysteine in a daily dose of 600 mg once, intravenously, for
7 days. Methods of high-performance liquid chromatography
were used.

Results: The level of reduced glutathione (GSH) decreased
more in the group with macroangiopathy - by 108% comparing
to 59.3% - in the group without complications. The content of
oxidized glutathione (GSSG) in the T2DM group without
macroangiopathy increased by 52%, and in the macroangio-
pathy group increased by 70%. Glutathione status in patients
at addition of N-acetylcysteine in treatment had changed. So,
by the third day the value of the GSH increased (by 11%)
and became equal to 381 – 38 lg/ml (p < 0.05); by seventh day
- by 13% and became equal to 387 – 42 lg/ml (p < 0.05). GSSG
level by 50% decreased and became to 45 – 13 lg/ml (p < 0.05);
by seventh day GSSG by 79% decreased and becomes 20 – 4 lg/ml
(p < 0.05).

Conclusion: We can conclude that the therapy we proposed
effectively affects the activation of the glutathione status in pa-
tients with T2DM and macroangiopathy of the lower extremities.
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ATTD19-0079

ETHNIC ASPECTS OF LIPID PEROXIDATION
PROCESS FLOW IN PATIENTS WITH TYPE 1
DIABETES MELLITUS

L. Kolesnikova1, M. Darenskaya1, L. Grebenkina1,
N. Semenova1, S. Gnusina1, S. Kolesnikov2

1Scientific Centre for Family Health and Human Reproduction
Problems, Personalized medicine, Irkutsk, Russia
2Scientific Centre for Family Health and Human Reproduction
Problems- Moscow State University Lomonosov M.V.,
personalized medicine, Irkutsk- Moskow, Russia

Background and Aims: Numerous researches show that data
on an ethnic origin can give additional information for the per-
sonified approach in treatment of different diseases. The aim of this
study was to evaluate lipid peroxidation process flow in Mongoloid
and Caucasian patients with type 1 diabetes mellitus (T1DM).

Method: Biochemical parameters in 147 persons (healthy and
with T1DM) both Mongoloids (ethnic group is Buryats) and
Caucasians (ethnic group is Russians) living in the modern city
Ulan-Ude (East-Siberia) were assessed. Spectrophotometric and
fluorometric methods for the study of components of the lipid
peroxidation (LPO) were used.

Results: Our study has shown higher concentration of diene
conjugates (DC) (by 1.35 times; p < 0.01) in Mongoloid pa-
tients as well as higher levels of diene conjugates (by 2.4 times;
p < 0.001) and ketodienes (KD) (by 2.71 times; p < 0.05) in
Caucasian patients in compare with the corresponding control
groups. The study of total radical trapping antioxidant level
(TRAP) in patients with T1DM, an increase (by 1.54 times;
p < 0.001) in this indicator in Mongoloid patients in compare
with the control group was shown. In Caucasian patients with
T1DM, statistically significant differences from the control
group included reduced GSH values (by 1.16 times; p < 0.05)
and increased GSSG level (1.26 times; p < 0.001). Integral
coefficient of oxidative stress in Mongoloid patients was 1.35,
in Caucasian patients was 2.32 (p < 0.05).

Conclusion: Noted changes in LPO–AOD system in Mon-
goloid patients with T1DM were less intensitive than in Cauca-
sian pathients, that allows make a recommendation on highly
individualized approach to the complex therapy.
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ATTD19-0083

LOW VERSUS HIGH CARBOHYDRATE DIET IN TYPE
1 DIABETES: A 12-WEEK RANDOMIZED CROSSOVER
STUDY

S. Schmidt1,2,3, M.B. Christensen3, A. Ranjan1,3, K. Nørgaard1,3

1Steno Diabetes Center Copenhagen, Clinical Research,
Gentofte, Denmark
2Danish Diabetes Academy, Danish Diabetes Academy,
Odense, Denmark
3Copenhagen University Hospital Hvidovre, Dept. of
Endocrinology, Hvidovre, Denmark
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Aim: To compare the effects of a low carbohydrate (<100
grams carbohydrate/day) and a high carbohydrate diet (>250
grams carbohydrate/day) on glycemic control in adults with type
1 diabetes.

Methods: In a randomized crossover study with two 12-week
intervention arms separated by a 12-week washout, 14 partici-
pants using sensor-augmented insulin pumps were included.
Before randomization and study start, insulin pump settings and
carbohydrate counting skills were optimized.

Results: Baseline characteristics of the 14 participants (eight
females) were (mean – SD): age 44 – 12 years, BMI 24.8 – 2.0 kg/m2,
HbA1c 58 – 4 mmol/mol, daily carbohydrate intake 152 – 43
grams/day. Daily carbohydrate intake during the two periods was
98 – 11 grams and 246 – 34 grams, respectively. HbA1c did not
change significantly, neither between nor within the low and the
high carbohydrate intervention arm (56 to 57 mmol/mol (P = 0.462)
and 57 to 56 mmol/mol (P = 0.366), respectively (P = 0.421
(between-group difference)). Distribution of glucose values (%
time spent in ranges), mean glucose, SD and CV assessed by
continuous glucose monitoring are given in the table below.

Conclusion: Carbohydrate restriction did not change mean
glucose or time spent in the normoglycemic range, whereas time
spent in hypoglycemia and glycemic variability was significantly
reduced.
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ATTD19-0092

MECHANISMS BEHIND HYPOGLYCEMIC ACTIONS
OF BUTANOL FRACTION OF AZADIRACHTA INDICA
IN A TYPE 2 DIABETES RAT MODEL

O. Sanni1, M.S. Islam1

1University of Kwazulu-natal- WestVille campus-, Department
of Biochemistry- School of Life Sciences, Durban, South Africa

The cost and side effects of oral hypoglycemic agents for the
treatment and management of type 2 diabetes (T2D) has led to
increase the use of natural medicines, particularly from medici-
nal plants. Hence, the validation of the folkloric use of these
medicinal plants. In the present study, the mechanisms behind
the antidiabetic effects of the butanol fraction of Azadirachta
indica (A. indica) (BFAI) were evaluated. T2D was induced by
feeding 10% fructose solution ad libitum for two weeks followed
by an intraperitoneal injection of streptozotocin (40 mg/kg body
weight) and the animals were treated with a low dose (150 mg/kg)
and a high dose (300 mg/kg) of BFAI for 4 weeks as a single oral
dose daily. Body weight and blood glucose were determined
every week. Oral glucose tolerance test was performed in the last
week of treatment. Insulin homostasis and liver glycogen con-
centration were determine after 4 weeks of oral administration.
Both doses of the fractions were significantly improved body
weight, reduced blood glucose, stimulated insulin secretions,
improved pancreatic b cell function (HOMA-b), decreased in-
sulin resistance (HOMA-IR), and increased liver glycogen con-
centration compared to untreated diabetic rats, when high dose
had a better activity. GC-MS analysis of the fraction revealed the
presence of polyphenols. The results of this study suggest that,
the polyphenols present in the fraction may be responsible for the
antidiabetic effects which have been achieved via decreasing
insulin resistance, modulating b-cell function, as well as by in-
hibiting of a-amylase and a-glucosidase activity.
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ATTD19-0119

COMPARISON OF PHARMACOKINETICS AND
EXPOSURE-RESPONSE RELATIONSHIP OF
DAPAGLIFLOZIN IN ADULT AND
ADOLESCENT/YOUNG ADULT PATIENTS
WITH TYPE 1 DIABETES

D. Busse1, W. Tang2, M. Scheerer3, T. Danne4, T. Biester4,
V. Sokolov5, D. Boulton2, J. Parkinson6

1Institute of Pharmacy-Freie Universitat Berlin, Clinical
Pharmacy and Biochemistry, Berlin, Germany
2IMED Biotech Unit-AstraZeneca, Quantitative Clinical
Pharmacology-Early Clinical Development, Gaithersburg, USA
3AstraZeneca GmbH, Diabetes Medical Department,
Wedel, Germany
4Children’s Hospital, Auf der Bult, Hannover, Germany
5M&S Decisions LLC, Bioinformatics and Modelling,
Moscow, Russia
6IMED Biotech Unit-AstraZeneca, Quantitative Clinical
Pharmacology-Early Clinical Development,
Gothenburg, Sweden

Background: Dapagliflozin is approved for the treatment of
adults with type 2 diabetes and is in clinical development for type
1 diabetes (T1D). We quantitatively compared the pharmacoki-
netics (PK) and exposure-response relationship of dapagliflozin
between adult and adolescent/young adult patients with T1D.

Methods: Data from two clinical studies (70 adults
[NCT01498185], 33 adolescents/young adults [NCT02325206])
of single or repeated dose (1-10 mg), oral dapagliflozin as an add-
on to insulin were analysed to examine dapagliflozin PK, using
a two-compartment model with first-order absorption, and its
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exposure-response relationship (24-h urinary glucose excretion
[UGE]), using a sigmoidal maximal effect model. Median 24-h
blood glucose, estimated glomerular filtration rate (eGFR), sex,
age and body weight were evaluated as covariates.

Results: PK model predictions fitted well with the observed
data. Exposure following the same dapagliflozin dose was sim-
ilar between adult and adolescent/young adult patients with T1D.
The exposure-response model adequately described UGE data.
The identified covariates, median 24-h blood glucose and eGFR,
were consistent with dapagliflozin’s mechanism of action. After
normalisation of the two covariates, model-predicted UGE re-
sponse was similar between adult and adolescent/young adult
patients with T1D.

Conclusions: Dapagliflozin’s PK and exposure-response re-
lationship were similar between the two studies after adjusting
for covariates. These results indicate that no dose adjustment was
required for adolescent/young adult patients with T1D and sup-
ported the further clinical development of dapagliflozin for
paediatric patients.
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ATTD19-0145

EXPOSURE-RESPONSE (HBA1C) OF
DAPAGLIFLOZIN IN T1D PATIENTS

J. Parkinson1, M. Åstrand1, B. Hamren1, D.W. Boulton2,
E. Ekholm3, W. Tang2

1IMED Biotech Unit-AstraZeneca, Quantitative Clinical
Pharmacology-Early Clinical Development,
Gothenburg, Sweden
2IMED Biotech Unit-AstraZeneca, Quantitative Clinical
Pharmacology-Early Clinical Development, Gaithersburg, USA
3IMED Biotech Unit-AstraZeneca, Global Medicines
Development, Gothenburg, Sweden

Background and Aims: Dapagliflozin has been evaluated
in patients with type 1 diabetes (T1D) in two clinical trials:
DEPICT-1 (NCT02268214) and DEPICT-2 (NCT02460978).
This analysis used pooled data from both studies and assessed the
exposure–response (ER) relationship between dapagliflozin and
HbA1c reduction in patients with T1D.

Method: In both studies patients underwent double-blinded,
24-week treatment with placebo, dapagliflozin 5mg or dapagli-

flozin 10mg – plus adjustable insulin. Mixed-Effect Model Re-
peated Measures including ER maximum effect (Emax) function
was used to describe longitudinal HbA1c data. The effect of
several covariates was assessed.

Results: The ER model described the data well. Model pre-
dicted HbA1c mean (95% CI) reductions at week 24 (placebo-
corrected change from baseline) were -0.40% (-0.50, -0.31)
and -0.43% (-0.53, -0.34) for dapagliflozin 5mg and 10mg,
respectively; in good agreement with the actual observations
(-0.42% and -0.37% for dapagliflozin 5mg, in DEPICT-1 and
DEPICT-2, respectively, and -0.45% and -0.42% for dapagli-
flozin 10mg). Estimated AUC50 (exposure resulting in half
maximal effect) was 35.56 ng/mL*h. Insulin administration
method was found to impact dapagliflozin efficacy; patients
using an insulin pump were predicted to have larger HbA1c
reductions than patients using multiple daily injections. This
difference was observed to diminish by week 24. The maximum
difference in HbA1c reduction of approximately 20% was not
deemed clinically relevant.

Conclusion: A model was developed that successfully de-
scribed the relationship between dapagliflozin systemic exposure
and HbA1c response in patients with T1D.
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ATTD19-0152

TAURINE IN TREATMENT OF NEWLY DIAGNOSED
TYPE 2 DIABETES WITH OBESITY

H. Danielyan1, A. Danielyan2

1Medical Center Surb Grigor Lusavorich, department
of internal medicine, Yerevan, Armenia
2Yerevan State Medical University, Family Medicine,
Yerevan, Armenia

Objectives: The study is aimed at investigating the effect of
taurine on metabolic parameters in overweight patients with
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newly diagnosed diabetes. Taurine is normally present in our
tissues and known for a variety of biological actions. Considering
that obesity is associated with a low-grade inflammation of
adipose tissue, the antioxidant and antiinflammation effects
of taurine could improve metabolic control in obesity and
diabetes.

Methods: Our study is a case control study; 32 patients with
newly diagnosed diabetes mellitus and obesity (BMI >30 ) and
HbA1C £7% were included into the study, divided into 2 groups-
experimental and control. In addition to maintaining low calorie
diet 1100 kkal and 60 min physical activity per day (walking) in
both groups, Taurine 1500mg were prescribed to the patients of
the experimental group. BMI, waist circumference, trIglycerides,
blood glucose, HbA1c were checked in both groups before and
after three months.

Results: improvements were observed in both groups; aver-
age weight loss in the experimental group was 9kg and 6 kg in
control group. Waist circumference decreased 5–6 cm in exper-
imental group and an average of 4–5 cm in control group. Tri-
glycerides were reduced in both groups. Fasting blood glucose
was normalized in both groups, HbA1c was normalized in both
groups, with an average of 0.5% reduced value in experimental
group. Improved vision was additional benefit in experimental
group.

Conclusion: taurine as a dietary supplement in addition to
lifestyle changes could have additional benefits n the treatment
for the newly diagnosed obese diabetes patients.
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ATTD19-0196

DYNAMICS OF MICROALBUMINURIA IN PATIENTS
WITH TYPE 1 DIABETES MELLITUS AFTER
INTRAVENOUS ADMINISTRATION AUTOLOGOUS
BONE-MARROW DERIVED MESENCHYMAL STEM
CELLS

O. Ulyanova1, L. Kozina2, M. Askarov3, G. Shaimardanova4,
N. Kim2, T. Karibekov5, A. Gaipov6

1National Scientific Medical Center, Department of Endocrine
Disturbances, Astana, Kazakhstan
2National Scientific Medical Center, Department of Clinical
Laboratory, Astana, Kazakhstan
3National Scientific Medical Center, Department of Stem Cell
Transplantation, Astana, Kazakhstan
4National Scientific Medical Center, Department of Scientific
Management, Astana, Kazakhstan
5National Scientific Medical Center, Deputy Chairman of the
Board for Medicine and Science, Astana, Kazakhstan
6National Scientific Medical Center, Department of
Extracorporeal Hemocorrection, Astana, Kazakhstan

Microalbuminuria (MAU) is a urinary marker of the earliest
stage of diabetic nephropathy. However, the effect of autologous
bone-marrow derived mesenchymal stem cells (ABM-MSC) on
MAU in T1DM patients is not well studied.

Materials and Methods: 5 patients (4 male,1 female) with
T1DM received the ABM-MSC intravenously and 5 patients
(2 male, 3 female) with T1DM were as a control group. Me-

senchymal stem cells were obtained from the iliac crest of T1DM
patients, cells were cultured for 3-4 weeks. The quantity of
ABM-MSC infused was 95-97 · 106. We analyzed MAU in both
groups of T1DM patients before and 6 months later after the
ABM-MSC administration.

Results: We studied the baseline mean MAU level in T1DM
patients with ABM-MSC administration, it was 12.56 + 5.56lg/ml,
6 months after the ABM-MSC administration the mean MAU
level was -6.89 + 2.73lg/ml (p = 0.222). The baseline mean
MAU level in patients with T1DM of the control group was
11.09 + 2.86 lg/ml, 6 months after it was –18.12 + 6.24 lg/ml
(p = 0.055). So, 6 months after the mean MAU level in T1DM
patients who received ABM-MSC decreased significantly com-
pared with the mean MAU level of the control group patients with
T1DM, respectively, 6.89 + 2.73 lg/ml and 18.12 + 6.24 lg/ml
(p = 0.008).

Conclusions: Thus, the decreased MAU level in patients with
T1DM after 6 months of the ABM-MSC administration com-
pared to the control group patients with T1DM may serve a
confirmation of the effectiveness of ABM-MSC administration
for prevention of diabetic nephropathy in patients with type
1DM.
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ATTD19-0253

EFFECT OF ADDING DAPAGLIFLOZIN AS AN
ADJUNCT TO INSULIN ON URINARY ALBUMIN-TO-
CREATININE RATIO OVER 52 WEEKS IN ADULTS
WITH TYPE 1 DIABETES

J. Jendle1, S. Edelman2, P. Dandona3, C. Mathieu4,
F.A. Thoren5, M.F. Scheerer6, J. Xu7, A.M. Langkilde5

1Örebro University, Faculty of Medical Sciences,
Örebro, Sweden
2University of California, School of Medicine-Division
of Endocrinology and Metabolism, San Diego-CA, USA
3State University of New York, Department of Medicine-
Division of Endocrinology- Diabetes and Metabolism,
Buffalo-NY, USA
4University of Leuven, Clinical and Experimental
Endocrinology-UZ Gasthuisberg, Leuven, Belgium
5AstraZeneca, Global Medicines Development,
Gothenburg, Sweden
6AstraZeneca, Diabetes Medical Department, Wedel, Germany
7AstraZeneca, Global Medicines Development, Gaithersburg-
MD, USA

Background: Dapagliflozin (DAPA), as an adjunct to insulin,
was reported to improve glycemic control, reduce body weight, and
was well tolerated (DEPICT-1 and 2 studies) in adults with inad-
equately controlled type 1 diabetes (T1D; HbA1c: 58 mmol/mol -
91 mmol/mol [7.5%–10.5%]).

Methods: In this pooled post hoc analysis of the DEPICT-1
and -2 studies, the effect of DAPA on urinary albumin-to-
creatinine ratio (UACR) was evaluated in individuals with T1D
with baseline micro or macroalbuminuria.

Results: UACR was recorded at baseline for 548, 565, and
532 individuals treated with DAPA 5 mg, DAPA 10 mg, and

A-136 ATTD 2019 E-POSTER VIEWING ABSTRACTS

D
ow

nl
oa

de
d 

by
 4

2.
10

7.
20

2.
11

2 
fr

om
 w

w
w

.li
eb

er
tp

ub
.c

om
 a

t 1
2/

18
/1

9.
 F

or
 p

er
so

na
l u

se
 o

nl
y.

 



placebo, respectively; baseline albuminuria was found in 80, 84,
and 87 of these individuals in the respective arms. Of these 251
individuals, baseline renal function measured as estimated glo-
merular filtration rate (eGFR) was normal in 93 (eGFR
‡90 mL/min/1.73 m2), mildly impaired in 131 (eGFR ‡60–
<90 mL/min/1.73 m2), and moderately impaired in 27 individu-
als (eGFR <60 mL/min/1.73 m2). Changes in eGFR were similar
across the treatment arms (data not shown). Dose-dependent
decrease in UACR was observed with DAPA treatment at weeks
12, 18, 24, and 52 (Figure). At week 52, the differences in UACR
between DAPA 10 mg vs placebo and DAPA 5 mg vs placebo
were -31.1% (95% CI: -49.9, -5.2) and -13.3 (95% CI: -37.2,
19.8), respectively.

Conclusion: Treatment with DAPA, as an adjunct to insulin,
provided a dose-dependent benefit in reducing UACR, suggest-
ing renoprotective effects in individuals with T1D with baseline
albuminuria.
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ATTD19-0294

HDNC (1-HYDROXY-5, 7-DIMETHOXY-2
NAPHTHALENE-CARBOXALDEHYDE) FOR RAPID
RECOVERY OF GESTATIONAL DIABETES
(STREPTOZOTOCIN-INDUCED DIABETIC): INCISION
WOUND MODEL OF RATS

L. Azmi1, I. shukla1, A. gautam1, C.V. Rao1

1Pharmacognosy and Ethnopharmacology Division-, CSIR-
National Botanical Research Institute- Lucknow-226 001- Uttar
Pradesh- India, Lucknow-226 001, India

Background: HDNC (1-hydroxy-5, 7-dimethoxy-2 naphthalene-
carboxaldehyde) is a bioactive compound derived from Aegle
marmelos (Rutaceae, ‘Bael’). The current study was conducted
to conclude the effect of HDNC on mechanical properties and
collagen content of stomach and duodenal wounds in diabetic
rats (Streptozotocin-induced diabetic).

Methods: This experiment included wound creation in rumen
(non-glandular part) & corpus (oxyntic) part of stomach and

duodenum. These wounds were analyzed after 0, 5, 15 & 30 days
post-operation.

Results: HDNC treatment found to improve the mechanical
strength of healing wounds of diabetic stomach and duodenum.
Breaking strength and breaking energy were also augmented in
presence of HDNC. Healing process was slower in initial post-
operative phase (after 5 days). However in later days wound
strength enhanced drastically. Direct relation was observed be-
tween total collagen content and mechanical strength.

Conclusion: These findings point towards that the amplifi-
cation of mechanical strength and collagen content in wounds
of gestational diabetes has been the outcome of HDNC treat-
ment.
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ATTD19-0302

A READY-TO-USE LIQUID GLUCAGON RESCUE PEN
FOR SEVERE HYPOGLYCEMIA DEMONSTRATES
REDUCED HEALTHCARE PAYER COSTS IN A
BUDGET IMPACT MODEL

B. Leiwand1, A. Nguyen2, K. Johnson2, M. Johnsrud3

1Avalere Health, Health Economics & Outcomes Research,
Chapel Hill- NC, USA
2Xeris Pharmaceuticals, Medical Affairs, Chicago, USA
3University of Texas - Austin, Center for Health Outcomes
Research and Education, Austin- TX, USA

Background: A ready-to-use, room-temperature stable liquid
glucagon rescue pen auto-injector (GRP; Xeris Pharmaceuticals)
has been developed for the rescue of severe hypoglycemia events
(SHEs). GRP has a simple two-step process to administer of a full
dose of glucagon, where in a simulated emergency setting 99%
of users successfully (high functional efficacy). Conversely, in
marketed glucagon emergency kits (GEK) only 0% to 31% of
users were successful.

Objective: Model the annual value of GRP compared to GEK
or no glucagon for SHE rescue treatment in people with diabetes.

Methods: To estimate the economic impact of a GRP, we
developed a one-year budget impact model from a US com-
mercial health plan perspective. Cost offsets from successful
glucagon administration incorporated EMS, ED, inpatient, and
outpatient utilization. Diabetes prevalence and event probabili-
ties were estimated from publicly-available sources. Costs ($
USD) were obtained from the 2018 Medicare Fee Schedules and
adjusted to represent commercial payer costs.

Results: GRP led to fewer EMS, ED, inpatient, and outpa-
tient costs compared to GEK and no kit, resulting in total per-
patient SHE costs of $2,564, $3,606, and $3,849, respectively.
Health plan costs for one million covered lives were almost $9
million compared to $8.2 million following introduction of
GRP.

Conclusions: The functional efficacy of GRP virtually elimi-
nates user errors and may reduce utilization of emergency med-
ical services (EMS), emergency department (ED), and overall
inpatient and outpatient costs for SHE. A budget impact model
suggests significant annual cost savings for US commercial
payers can be achieved with GRP.
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ATTD19-0304

THE EFFICACY AND SAFETY OF THE SGLT2
RECEPTOR INHIBITORS IN TRIPLE THERAPY IN
PATIENTS WITH UNCONTROLLED TYPE 2
DIABETES

A. Abreu Lomba1, V. Bedoya Joaqui2, L.M. Osorio Toro3,
J.P. Muñoz Lombo2, C.A. Salgado Cifuentes2,
N. Campo Rivera2, M.E. Casanova Valderrama2,
R. Carvajal Ortiz2

1Medical Center Imbanaco, Valle, Cali, Colombia
2Libre University, Valle, Cali, Colombia
3Santiago of Cali University, Valle, Cali, Colombia

Objective: To assess the efficacy and safety of the SGLT2
receptor inhibitors in triple therapy in adults with type 2 diabetes.

Design: Quasi-experimental trial conducted from August
2015 to September 2018 in the Endocrinology Unit at Imbanaco
Medical Center. Cali, Colombia.

Methods: A total of 65 women and 58 men with inadequate
glycemic control (HbA1c >7%) with dual therapy (Group-A:
Metformin 1.700mg/day plus glibenclamide 10mg/day,
Group-B: Metformin 1.700mg/day plus saxagliptin 5mg/day,
Group-C: Metformin 1.700mg/day plus exenatide 2mg/week
subcutaneous and Group-D: Metformin 1.700mg/day plus
Insulin basal-bolus), received open-label dapagliflozin
(10mg/day) in triple therapy for 52 weeks. The primary effi-
cacy end point was change in HbA1c, basal glycemia, body
weight and blood pressure from baseline to week 52.

Results: All patients completed 52 weeks of follow-up.
52.8% were women (Table1). The linear trend of mean decrease
at 52 weeks of HbA1c was -0.8, -1, -1, -1.1; basal glycemia
was -48.9, -62.4, -40.9, -30.9; body weight was -1.6, -2.1,
-3.8, -1.8; and blood pressure was -18.8/-3.9, -27.4/-10.9,
-19/4.5-, -15.8/-5 in the 4 groups (A, B, C and D), respec-
tively, (p = <0.000). A HbA1c goal of less than 7% was obtained
at 12, 24 and 52 weeks for group A (22%, 25%, 31%), group B
(14%, 45%, 45%), group C (14 %, 31%, 39%) and group D
(15%, 32%, 26%). Episodes of hypoglycemia and urinary tract
infections were infrequent.

Conclusion: SGLT2 receptor inhibitors in triple therapy
produced statistically significant improvements in HbA1c, basal
glycemia, body weight and blood pressure in patients with un-
controlled type 2 diabetes.
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ATTD19-0323

IMPACT OF LIXISENATIDE ON PHASE 1 AND PHASE
2 GLUCOSE-STIMULATED INSULIN SECRETION
DURING AN INTRAVENOUS GLUCOSE TOLERANCE
TEST IN TYPE 2 DIABETES: A MODEL-BASED
ASSESSMENT

R. Silwal1, T. Gautier1, A. Saremi2, A. Boss2, B.P. Kovatchev1,
M.D. Breton1

1Center for Diabetes Technology - University of Virginia,
Psychiatry and Nb Sciences, Charlottesville, USA
2Sanofi, Global Medical Affairs, Bridgewater, USA

Background: Lixisenatide, a receptor agonist of glucagon like
peptide 1, has been shown to be safe and efficacious in the treat-
ment of dysglycemia in type 2 diabetes mellitus (T2DM). Fur-
thermore, lixisenatide has been shown to improve the overall
insulin response to glycemic challenge such as intravenous glu-
cose tolerance tests (IVGTT); both phase 1 and phase 2 of insulin
secretion have shown improvements with lixisenatide injection.
While models of glucose stimulated insulin secretion (GSIS) in
man are available, the impact of lixisenatide on the mathematical
characteristics of GSIS (e.g. gains, time constants, delays) remains
to be quantified.

Method: Using data collected in two single-center, double-
blind, randomized, placebo-controlled, single-dose crossover
studies consisting in an IVGTT with and without a prior lixisena-
tide injection [Becker et al. Diab Ob Metab 2014], we quantified
the impact of lixisenatide on the gains (sensitivity to glucose) of the
first and second phase insulin secretion based on frequent mea-
surements of Insulin, C-peptide, and glucose concentrations.

Results: GSIS rate was computed from regularized de-
convolution of C-peptide using the C-peptide minimal model, and
was then fitted by our GSIS model using glucose concentration as
forcing function. Insulin secretion response and model adequacy
can be seen in the figure below. GSIS sensitivity was increased
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0.53 – 0.05 vs 0.08 – 0.03 and 0.90 – 0.21 vs 0.29 – 0.09, for phase
1 and 2 respectively.

Conclusion: Using mathematical modelling of the GSIS in man
with lixisenatide vs. placebo, we estimated a 6-fold increase in phase
1 of insulin response to glucose and a 3-fold increase in phase 2.
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ATTD19-0350

AZADIRACHTA INDICA INHIBITS KEY ENZYME
LINKED TO TYPE 2 DIABETES IN VITRO, ABATES
OXIDATIVE HEPATIC INJURY AND ENHANCES
MUSCLE GLUCOSE UPTAKE EX VIVO

O. Sanni1, S. Islam1, N. Koorbanally2

1University of Kwazulu-natal- WestVille campus-, Department
of Biochemistry- School of Life Sciences, Durban, South Africa
2University of Kwazulu-natal- WestVille campus-, School of
Chemistry and Physics, Durban, South Africa

The progression of secondary complications in type 2 diabetes
has been linked to oxidative stress caused by hyperglycemia.
Therefore, the control of hyperglycemia is the main target in the
treatment of diabetes. The present study investigated the scavenging
and ameliorative potentials of different fractions of Azadirachta
indica (A. indica) ethanol stem bark extract in Fe2+-induced oxi-
dative injury in hepatic tissue as well as their ability to inhibit
enzymes linked to diabetes and in enhancing muscle glucose uptake
via some in vitro and ex vivo experimental models. The results
revealed that the butanol fraction of the extract showed a signifi-
cantly higher DPPH scavenging activity than the other fractions
while the aqueous fraction showed the highest FRAP activity. All
the fractions ameliorated Fe2+-induced oxidative injury in hepatic
tissue by significantly reducing the malondialdehyde (MDA) con-
centration in dose dependent manner. In addition, the activity of
catalase and superoxide dimutase (SOD) were significantly im-
proved by the butanol and dichloromethane fractions. Butanol and
ethyl acetate fractions showed the highest inhibitory effect on
a-glucosidase and a-amylase activities. The fractions also signifi-
cantly improved glucose uptake in psoas muscle with or without
insulin, the butanol fraction showed the highest activity in this re-
gard. Gas chromatography-mass spectroscopy (GC-MS) analysis of
the fractions revealed the presence of sistosterol, stigmasterol,
campestrol, squalene, nimbiol among others. Molecular docking
of some of these compounds with AMP-activated protein kinase
(a-AMPK), a-amylase and a-glucosidase showed a positive inter-
action. These results suggest that the butanol and ethyl acetate
fractions may have antidiabetic potentials
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ATTD19-0352

GLUCOSE RESPONSE TO LOW-DOSE GLUCAGON
FOR INSULIN-INDUCED MILD HYPOGLYCEMIA
AFTER 12 WEEKS OF HIGH VERSUS LOW
CARBOHYDRATE DIET: A RANDOMIZED
CROSSOVER STUDY

A. Ranjan1,2,3,4, S. Schmidt1,2,3, M.B. Christensen3,
K. Nørgaard1,3

1Steno Diabetes Center Copenhagen, Diabetes Technology,
Copenhagen, Denmark
2DDA, Danish Diabetes Academy, Odense, Denmark
3Hvidovre University Hospital, Department of Endocrinology,
Hvidovre, Denmark
4Herlev University Hospital, Department of Paediatrics,
Herlev, Denmark

Objective: To compare the ability of glucagon to restore
plasma glucose (PG) after mild hypoglycemia in patients with
type 1 diabetes on high-carbohydrate diet (HCD >250 g/day) and
low-carbohydrate diet (LCD <100 g/day).

Research Design And Methods: Individuals with insulin
pump-treated type 1 diabetes randomly completed 12 weeks of
HCD and 12 weeks of LCD separated by a 12-week washout.
After each intervention period, mild hypoglycemia was induced
by a subcutaneous insulin bolus in the fasting state. When PG
reached 3.9 mmol/L, 100 lg glucagon (GlucaGen�, Novo Nor-
disk) was given subcutaneously, and PG was measured fre-
quently for 120 min. Friedman’s test for repeated measurements
was used to compare the difference in incremental peak PG after
glucagon injection (primary outcome) between HCD and LCD.

Results: Four participants completed both study visits while
two only completed the study visit after LCD. They were in
median (IQR) 37.5 (28.5–52.5) years old, had BMI 25.0 (24.5–
25.2) kg/m2, and HbA1c 57.0 (55.0–59.8) mmol/mol. Daily
carbohydrate intake during the two periods was 95 (86–97) grams
and 254 (184–259) grams, respectively. Compared with HCD, the
LCD had a non-inferior incremental PG peak after the glucagon
bolus (1.5 (0.6–3.2) vs. 3.0 (2.2–4.2) mmol/L, p = 0.31).

Conclusions: No significant difference was observed in the
glucose response to low-dose glucagon after 12 weeks of high
versus low carbohydrate diet. The previously observed diminished
glucose response to low-dose glucagon after one week of low
carbohydrate diet may thus be equalized after 12 weeks. However,
our study lacks statistical power to draw final conclusions.
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ATTD19-0394

EMPAGLIFLOZIN AND GABA IMPROVE B-CELL
MASS AND GLUCOSE TOLERANCE IN NEW-ONSET
TYPE 1 DIABETES

C. Daems1, S. Welsch1, H. Boughaleb1, J. Vanderroost1,
A. Robert2, E. Sokal1, P. Lysy1

1Université Catholique de Louvain la neuve, IREC-PEDI,
Brussels, Belgium
2Université Catholique de Louvain la neuve, Irec-EPID,
Brussels, Belgium

While the autoimmune character of T1D is being challenged,
it is currently recognized that inflammation plays a key role in its
development. We hypothesized that glucotoxicity could con-
tribute to b-cell mass destruction through participation to islet
inflammation. We evaluated the potential of empagliflozin
(EMPA) and GABA respectively to protect b-cell mass against
glucotoxicity and to increase b-cell mass after diagnosis of T1D.
In a streptozotocin-treated mice model of T1D, empagliflozin
and/or GABA were delivered during seven days or three weeks.
As compared to untreated T1D mice, EMPA-treated T1D mice
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had decreased FFA levels and improved glucose homeostasis
during tolerance tests. EMPA-treated T1D mice had a better islet
density, with preserved architecture, compared to T1D mice.
T1D mice showed islet with immune infiltration whereas EMPA-
treated T1D mice did not. Islets from EMPA-treated mice were
also less subjected to ER stress and inflammation, as shown by
qPCR analysis. Furthermore, parameters of glucose homeostasis
and b-cell mass were also improved, as compared to diabetic
controls, when T1D mice were treated for 3 weeks with GABA
and EMPA. Interestingly, T1D EMPA+GABA mice had higher
glucagon levels than T1D mice, without modifications of glu-
cagon area/islet area ratios. In conclusion, empagliflozin and
GABA, used in monotherapy, have positive effects on b-cell
mass preservation or proliferation through an indirect effect on
islet cell inflammation and ER stress. Further research is man-
datory to evaluate whether empagliflozin and GABA may be a
potential therapeutic target for protection of b-cell mass after
new-onset T1D.
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ATTD19-0466

GLUCAGON-LIKE PEPTIDE-2 IMPROVES GLUCOSE
DYSMETABOLISM IN MICE FED A HIGH-FAT DIET
BY DECREASING INFLAMMATION

S. Baladassano1, A. Amato1, S. Terzo2, F. Mulè1

1University of Palermo, Department of Biological- Chemical-
Pharmaceutical Science and Technology, Palermo, Italy
2University of Palermo, Department of Experimental
Biomedicine and Clinical Neuroscience, Palermo, Italy

The gastrointestinal hormone glucagon like peptide-2 (GLP-
2) acts through a specific G protein-coupled receptor, the GLP-2
receptor (GLP-R). The peptide is secreted in response to dietary
nutrients, particularly carbohydrates and fats. It is known for its
ability of influencing gastrointestinal functions and mainly for its
trophic effect on the intestinal mucosa. Recent studies suggested
that endogenous GLP-2 is dispensable for the regulation of
glucose homeostasis under normal conditions, while it can play a
beneficial role in mice fed a high-fat diet (HFD), an animal model
of human obesity and insulin resistance. However, the molecular
mechanisms by which GLP-2 ameliorates glucose homeostasis
in HFD mice are not known. Thus, C57BL6/J HFD mice were
treated once a day with intraperitoneal (i.p.) injections of Gly2-
GLP-2 (3 and 5 mg) or PBS (vehicle control) for four weeks and
the mechanisms by which GLP-2 improves glycemic control
were investigated. Fasting glucose and insulin, intraperitoneal
glucose tolerance, insulin sensitivity, plasma insulin levels after
i.p. glucose load, intestinal permeability to FICT-dextran by
ussing chamber, plasma levels of cytokines by ELISA and adi-
pose tissue macrophages infiltration by immunohistochemistry
were examined. Gly2-GLP-2-treated mice showed significant
increase in glucose tolerance and exogenous insulin sensitivity
and reduction in glucose-stimulated plasma insulin, paracellular
permeability, TNF-a, IL-1b, IL-6 cytokines level and adipose
tissue Mac2-expressing cells in comparison with pair-aged HFD
untreated animals. In conclusion, the results of the present study
suggest that Gly2-GLP-2 may produce glucose metabolic bene-

fits in mice with diet-induced obesity by reducing adipose tissue
and systemic inflammation.

315

New Medications for Treatment of Diabetes

ATTD19-0473

INCREASED TIME IN RANGE WITH SOTAGLIFLOZIN
AS ADJUNCT THERAPY TO INSULIN IN ADULTS
WITH TYPE 1 DIABETES DEMONSTRATED BY
24-WEEK CONTINUOUS GLUCOSE MONITORING
(INTANDEM1, INTANDEM2)

T. Danne1, B. Cariou2,3, J.B. Buse4, S. Garg5, J. Rosenstock6,
P.L. Banks7, J.A. Kushner8,9, D.K. McGuire10, A.L. Peters11,
S. Sawhney7, P. Strumph7

1Hannover Medical School, Children’s and Youth Hospital Auf
der Bult, Hannover, Germany
2CHU de Nantes, l’institut du thorax, Nantes, France
3Inserm, l’institut du thorax, Nantes, France
4University of North Carolina School of Medicine, Department
of Medicine, Chapel Hill, USA
5University of Colorado Denver, Barbara Davis Center for
Diabetes, Aurora, USA
6Dallas Diabetes Research Center at Medical City, Medical
City Dallas, Dallas, USA
7Lexicon Pharmaceuticals Inc., Clinical Research, The
Woodlands, USA
8Baylor College of Medicine, McNair Medical Institute,
Houston, USA
9Texas Children’s Hospital, Diabetes and Endocrinology
Clinic, Houston, USA
10University of Texas Southwestern Medical Center,
Department of Internal Medicine, Dallas, USA
11University of Southern California, Keck School of Medicine,
Los Angeles, USA

Sotagliflozin (SOTA) is a dual SGLT1 and SGLT2 inhibitor in
development as an adjunct to insulin in T1D. This was a pooled
analysis of the inTandem1 (NCT02384941) and inTandem2
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(NCT02421510) trials in adults with T1D treated with multiple
daily insulin injections or pump therapy who were randomized
1:1:1 to placebo, SOTA 200 mg or SOTA 400 mg once daily
after 6 weeks of insulin optimization. Of these, 278 patients
participated in a blinded continuous glucose monitoring
(CGM) sub-study. The primary endpoint of this sub-study was
the percentage of time in the target glucose range (70 mg/dL-
180 mg/dL). Mean daily glucose and amplitude of all glycemic
excursions (MAGE) of <70 and >180 mg/dL were also as-
sessed. Baseline characteristics were similar among groups.
Compared with placebo, treatment with SOTA 200 and 400 mg
significantly increased the time in range (+1.3 and +2.8
hours/day, respectively) and reduced MAGE at Week 24, while
SOTA 400 mg also significantly reduced mean daily glucose
(Table). In conclusion, when used adjunctively in T1D, SOTA
improved the time in target glucose range compared with pla-
cebo, demonstrating efficacy in glycemic control beyond a
reduction in HbA1c.

These data were previously presented at the American Dia-
betes Association 78th scientific sessions, June 22 – 26, 2018,
Orlando, Florida.
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HEALTH PROMOTION PRIORITIES FOR DIABETES:
RESULTS OF A DELPHI STUDY

E. Gabarron1, B. Smaradottir2, Å. Eirik1,3

1Norwegian Centre for E-health Research, University Hospital
of North Norway, Tromsø, Norway
2Department of Information and Communication Technology-
Faculty of Engineering and Science, University of Agder,
Grimstad, Norway
3Department of Clinical Medicine- Faculty of Health Sciences,
UiT - The Arctic University of Norway, Tromsø, Norway

Background: Health promotions are interventions designed
to enable people increasing control over their own health1. But,
how to do it? This study aims at understanding healthcare pro-
fessionals’ views regarding how a health promotion targeting
people with diabetes should be done.

Methods: A panel of five experts in diabetes and patient ed-
ucation participated in a 3-rounds Delphi study during February-
March 2018.

In the first round they made suggestions on how to deliver
health promotion contents; and also which diabetes-related top-
ics patients and their families should know more about. In the
following two rounds the experts anonymously discussed and
ranked all suggested items (from 0 ‘‘The least important’’ to 10
‘‘The most important’’) and reached consensus. The study was
assessed and declared exempt by the Ethics Committee (REK
Sør-Øst, Ref:2017/764C). The Data Protection Officer (Person-
vernombudet) at the University Hospital of North Norway ap-
proved this study (Ref:0720). Further details on the study
protocol are published elsewhere2.

Results: Regarding how to deliver information, the experts
agreed that ‘‘making sure that patients understand and use the
provided information’’ was the most important (average rate =

9), followed by ‘‘using tailored information’’ and ‘‘offering in-
formation in multiple formats’’ (both rated = 8,2). Regarding which
topics to include, ‘‘self-management in therapy’’ was considered
the most relevant topic (rated = 9,6).

The table below lists all suggested items and its rank values.
Discussion: The Delphi method was successful in providing

priorities for health promotion interventions on diabetes. Further
research should determine the health promotion’ interests of
people affected with diabetes and their families.

References

1. WHO-2016.http://www.who.int/features/qa/health-promotion/
en

2. Gabarron E et al. BMC Health Services Res 2018;18:414
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SWEET TALKERS: THE ROLE OF VOICE
TECHNOLOGY AND VIRTUAL VOICE ASSISTANTS
IN DIABETES MANAGEMENT

S. Tan1, F. Fatehi1

1The University of Queensland, Faculty of Medicine,
Brisbane, Australia

Introduction: Recent advancements in voice technology
present a number of novel and compelling strategies for con-
temporary diabetes management. Virtual voice assistants, such
as Apple Siri, Google Assistant, and Amazon Alexa, offer an
accessible, engaging, and highly personalized framework for
diabetes care that builds on existing digital and phone-based
interventions. This review aims to summarize the current state of
voice technology in diabetes management, as well as speculate
on upcoming and potential applications.

Methods: A rapid literature review was conducted to identify
articles evaluating voice technology in diabetes care. Databases
searched include PubMed, Scopus, ACM Digital Library, and
IEEE Xplore Digital Library.

Findings: A number of trials and proposals have studied the
role of voice technology and virtual assistants in diabetes care,
with a range of interventions being evaluated. Common fea-
tures include interactive elements to answer questions and
provide personalized diet/exercise recommendations; verbal
alerts and reminders to promote adherence; interplay with
vital signs, blood sugar level, and foot health monitors; and
communication with doctors and other care providers. In ad-
dition, application of voice technology has been reported
to automatically calculate insulin bolus dosages from spoken
descriptions of meals; expedite documentation of diabetic
consultations; and enhance clinician collaboration in diabetic
surgeries.

Conclusion: Voice technology and virtual assistants show
promise in diabetes management, and may facilitate improved
education, adherence, risk stratification, and patient-provider
communication. While voice-based systems currently represent
a niche role in diabetes care, research and practical adoption of
the technology are progressing rapidly.
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ACCU-CHEK� VIEW: MOTIVATION, INTERACTION
AND REACTION UNDER THE MICROSCOPE:
WHAT DRIVES THE WEIGHT-REDUCTION
SUCCESS?

J. Moecks1, J.H. Arens2, W. Hauth3, S. Bloethner4, N. Weis4,
J. Weissmann4

1bioMcon GmbH, Science, Mannheim, Germany
2Hausarzt-Zentrum Brüggen, Clinical Management, 41379
Brüggen, Germany
3Facharztzentrum Rheinhessen, Clinical Management, 55232
Alzey, Germany
4Roche Diabetes Care Deutschland GmbH, Medical Affairs,
68305 Mannheim, Germany

Background: Accu-Chek View (ACV) an app/web-based
weight-reduction program featuring key HCP-interaction
showed a favorable success-rate for 5%-weight-reduction in
metabolic-syndrome patients [1]. The present analysis addresses
the temporal dynamics of weight-reduction and importantly in-
vestigates how the HCP feedback interacted with the weight-
goals. These analyses help understanding why compliant patients
remain without success in weight-reduction.

Methods & Results: The analysis of temporal dynamics
(novel chart-technique) identified a group of early-achievers
(EAs, 5% weight-reduction <90 days, average-stay 8.5 months,
39% of achievers). EAs commenced with severe obesity prob-
lems (high BMI and high BP), but compliantly followed an
ambitious activity program (mean 8600 steps/d) and finally re-
duced weight by 8.9% and BMI by 3.4.

Late 5%-achievers (LAs, >90 days) and late completers
(non-achiever, >90 days) had similar baseline obesity param-
eters, likewise in compliance-related conduct-variables. To
understand why these subgroups differed by weight-reduction,
a detailed event-driven analysis of the HCP-interaction re-
vealed the existence of complex feed-back loops. The differing
response of LAs and LCs to on-target/off-target events pro-
vided the crucial hint: for on-target events LAs kept the weight-
reduction speed whereas LCs showed subsequently weight-
increase (Fig). Response in steps: LAs increased steps upon
events markedly more than LCs. Interaction effects for BP and
BG will be presented.

Conclusion: The closer analysis underlines that Accu-Chek
View fosters quick success for patients with high obesity burden
and high motivation for change. Patients with high program-
perseverance could only succeed, when they kept a positive
stance on the interaction events. This opens for new options to
even better the Accu-Chek View success rate.
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ESTIMATION OF CYTOKINE STATUS OF PATIENTS
WITH METABOLIC SYNDROME

F. Nildibayeva3, G. Meyramov1, V. Bueber-Dickin2,
S. Sheryazdanova3, V. Parakhina3, N. Vassilyeva4,
Y. Laryushina5, L. Turgunova4, A. Turmukhambetova6

1Prof. of the Buketov Karaganda State University, Biology,
Karaganda, Kazakhstan
2Private clinic, therapy, Berlin, Germany
3Karaganda State Medical University, endocrinology- PhD
student, Karaganda, Kazakhstan
4Karaganda State Medical University, endocrinology,
Karaganda, Kazakhstan
5Karaganda State Medical University, endocrinology-
physician-dietologist, Karaganda, Kazakhstan
6Karaganda State Medical University, Deputy in Charge for
Strategic Development- Science and International Cooperation,
Karaganda, Kazakhstan

Introduction: The aim of the study was to estimate cytokine
profile in patients with metabolic syndrome to search for prog-
nostic biomarkers of cardiovascular pathology.

Methods: 710 patients: 486 men and 224 women aged 19
to 65 were participated in the screening included waist cir-
cumference, arterial blood pressure, fasting blood glucose
and cholesterol performed by state standard. First group: 145
patients with metabolic syndrome. Second group: 85 pa-
tients with isolated abdominal obesity. Third group: 13 pa-
tients with arterial hypertension and hyperglycemia without
abdominal obesity. Cytokines leptin, TNF, CXCL16, FABP3,
FABP4, PLGF, HGF, VEGF, sFASL were measured using
multiplex cytokine assay.Results. Significant differences
in the level of leptin (2 = 17,137, df = 2, p = 0,001) were re-
vealed in the groups: Me of leptin in first group was 42859.61
(44513.43, 56255.95) pg/ml, whereas in second group Me was
only 26210.35 (24563.49, 37371.61) pg/ml. In third group
Me of leptin was 13507.43 (2018.12; 54685.41) pg/ml.
FABP4 (2 = 7,0,27, df = 2, p = 0,03) was different in the groups
1 to 3 respectively: Me 17433.10 (24626.97, 34734.15) pg/ml,
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Me 17077.50 (20421.11, 37066.67) pg/ml, Me 16438.45
(7957.33, 25037.47) pg/ml. Me of HGF (8,162, df = 2,
p = 0.017) also was significantly different between the groups
1 to 3: Me 329.37 (331.33, 396.50) pg/ml, Me 248.28 (251.99,
357.22) pg/ml, Me 307.81 (231.94, 390.41) pg/ml, respec-
tively. There were not found significant differences for other
cytokines.

Discussion: Increased leptin and FABP4 in respondents with
metabolic syndrome indicate on leptin resistance and endothelial
dysfunction. HGF is associated with hypertension and hyper-
glycemia.
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SOCIAL MEDIA USE IN AN OBESITY INTERVENTION-
RESULTS FROM THE PREDIRCAM2 STUDY

V. Alcantara-Aragon1, S. Rodrigo-Cano2,3, A. Lupianez-
Barbero1, J. Tapia4, J. Iniesta4, M.J. Martinez1, C. Martinez1,
S. Tenés2,3, M.E. Hernando4,5, J.F. Merino-Torres2,3,
A. De Leiva1,6,7, C. Gonzalez1,6,7

1Hospital de la Santa Creu I Sant Pau, Endocrinology and
Nutrition, Barcelona, Spain
2Hospital Universitari i Politècnic La Fe, Endocrinology and
Nutrition Department-, Valencia, Spain
3Instituto Investigación Sanitaria La Fe-Universitat de
Valencia, Unidad Mixta de Investigación Endocrinologı́a-
Nutrición y Dietética, Valencia, Spain
4Universidad Politecnica de Madrid, Centro de Tecnologı́a
Biomedica- ETSI de Telecommunicacion, Madrid, Spain
5Centro de Investigación Biomédica en Red, Bioingenierı́a-
Biomateriales y Nanomedicina CIBER-BBN, Madrid, Spain
6Universitat Autònoma de Barcelona, Eduab-HSP,
Barcelona, Spain
7Centro de Investigación Biomédica en Red, Bioingenierı́a-
Biomateriales y Nanomedicina CIBER-BBN,
Barcelona, Spain

Background: A multi-center randomized-trial was designed
to test telemedicine treatment for obesity supported by PRE-
DIRCAM2 web-platform (NCT01919372). The telematic inter-
vention included the optional use of a private group in the social
media network of Facebook�. This post-hoc analysis compares
the outcomes of participants who joined this private group versus
those who did not.

Methods: 183 participants were included in the study, 91
were randomly allocated to receive the telematic intervention
and 92 to a control non-telematic intervention group. To join the
private group an invitation from the research team was required.
The research team continuously supervised the group. A regis-
tered dietitian posted health-related content on a weekly basis
and answered to the participant’s posts and comments on a daily
basis.

Results: Twenty-two participants who joined the social-
media private group completed the 12-month follow-up. Sa-
tisfaction evaluations revealed 63.6% of these participants
considered the social media group was a motivator for be-
haviour change. The most frequently reported reason for not

joining the group was not being a previous Facebook�

user(65.4%). A larger proportion of participants who joined the
private social media group lost at least 5% body weight at 9-
months follow-up compared to those who did not join (80% vs.
46.5%, p = 0.0069). At 12-months follow-up this proportion
difference remained although it was not statistically signifi-
cant (63.6% vs. 47.6%, p = 0.181). No statistically signifi-
cant differences between groups were found for HbA1c or
lipids.

Conclusions: Social media guided by health-care profes-
sionals can offer networking solutions to be applied in life-style
modification therapy for obesity treatment.
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OURPATH - A NEW DIGITAL TECHNOLOGY FOR
LIFESTYLE CHANGE IN OBESE AND TYPE 2
DIABETES POPULATIONS; A SERVICE EVALUATION
OF REAL-WORLD DATA

J. Hampton1, S. Dee2, M. Whitman3

1NHS, General Practice, Bath, United Kingdom
2OurPath, Dietetics, London, United Kingdom
3OurPath, NHS Partnerships, London, United Kingdom

Background: The purpose of this service evaluation was
to analyse the efficacy of OurPath, a UK-based digital life-
style change programme, between commercial enrolments
(self-paid) and NHS referrals (free to the user). Male uptake
rates were further analysed, as men have historically been
underrepresented in traditional commercial weight-loss pro-
grammes.

Method: Participants were either self-referred (commer-
cial) or referred by a GP (NHS) to the digital behaviour change
programme OurPath. OurPath combines a private online so-
cial network, daily structured educational content, health
coaching, digital weighing scales, and an activity tracker.
Participants underwent a core 3-month intensive lifestyle
change intervention, with follow up data obtained after 3 and 6
months.

Results: For individuals with 3-month outcome data, a
higher proportion of males took part in the programme fol-
lowing NHS referral (41% male; n = 342) compared with the
commercial programme (12% male, n = 694). Participants had a
mean starting BMI of 34kg/m2 (commercial = 35 kg/m2 – SD
7.5; NHS = 34 kg/m2 – SD 6.0). Clinically significant weight
loss at 3 months was achieved for both the commercial (-7.1%;
p < 0.01) and NHS (-7.5%; p < 0.01) populations. Users with
available 6-month data showed a further increased weight loss
from baseline (commercial = -8.6% n = 186; NHS = -9.2%,
n = 155).

Conclusion: With ongoing challenges of male attendance at
traditional weight-loss programmes, a digitally delivered in-
tervention may offer an attractive and scalable solution. This
service evaluation demonstrates both a clinically significant
mean weight loss for all participants at 3 and 6 months, as well
a significantly higher male uptake ratio when referred by an
NHS GP.
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GLYCEMIA NORMALIZATION IN PATIENTS WITH
OBESITY AND TYPE 2 DIABETES MELLITUS USING
TECHNOLOGIES PROVIDING MAXIMUM INCRETIN
EFFECT (BILIOPANCREATIC DIVERSION VS
LIRAGLUTIDE 3.0 MG)

I. Sklyanik1, E. Shestakova1, A. Panevina1, M. Shestakova1

1Endorinology Research Centre, Diabetes mellitus institute,
Moscow, Russia

Background and Aims: To compare glucose-lowering and
weight reduction capacity of biliopancreatic diversion (BPD) vs
GLP-1 agonist liraglutide 3.0 mg (models of maximum incretin
effect) for 16 weeks.

Method: 31 patients with type 2 diabetes and long history
(‡10 years) of obesity were divided into 2 groups: BPD-group
(n = 13) and LIRA-group (n = 18), where liraglutide 3.0 mg in
dose-escalation manner was added to baseline glucose-lowering
therapy. Anthropometric parameters, mixed meal test, HbA1c
and insulin resistance (IR) by hyperinsulinemic euglycemic
clamp (M-value) and HOMA-IR were measured before and 16
weeks after the intervention. With the stabilization of glycemia
(£6.5 mmol/l at fasting state, £8 mmol/l postprandial) the initial
glucose-lowering therapy was canceled.

Results: Both BPD and liraglutide 3.0 mg provided target
HbA1c in 16 weeks (Table 1). BPD led to elimination of glucose-
lowering therapy in 84.6% patients due to a more significant
weight reduction and decrease in IR. In LIRA-group previous
glucose-lowering therapy was cancelled in 72.2% patients, mainly
receiving baseline mono- and two-component therapy. The most
significant difference between interventions was achieved in BMI
(D-7.13 kg in BPD vs D-1.81 kg in Lira, p < 0.05) and M-value
(D2.71 in BPD vs D0.36 in Lira, p < 0.05).

Conclusion: BPD is more effective in reducing body weight
but similar in glucose-lowering effect comparing with adding
liraglutide 3.0 mg to the initial glucose-lowering therapy in pa-

tients with obesity and type 2 diabetes. Liraglutide 3.0 mg
glucose-lowering effect is more prominent in patients initially
receiving mono- and two-component therapy.

Support: Grant No. 17-15-01435 Russian Science Foundation.

323

New Technologies for Treating Obesity and Preventing
Related Diabetes

ATTD19-0297

APP ENGAGEMENT AND WEIGHT LOSS IN A
MOBILE HEALTH STUDY (MDIAB)

H. Ranjani1, S. Murlidharan2, R.M. Anjana3, S. Jena4,
N. Tandon5, S. Allender2, V. Mohan3

1Madras Diabetes Research Foundation, Translational
Research Department, Chennai, India
2Global Obesity Centre GLOBE- World Health Organisation
Collaborating Centre for Obesity Prevention- Deakin
University- Geelong Waterfront campus- Geelong- Victoria-
Australia, Obesity, Melbourne, Australia
3Madras Diabetes Research Foundation, Diabetology,
Chennai, India
4Janacare Solutions Private Limited, Technology,
Bengaluru, India
5All India Institute of Medical Sciences, Endocrinology, New
Delhi, India

Purpose: The purpose of this study was to evaluate the as-
sociation of app engagement with change in weight and BMI as
part of the mobile health technology for the prevention of type 2
diabetes (mDiab) trial.

Methods: The mDiab app included 12 weeks of video lessons
administered to 267 obese participants who received the app as
part of the intervention group. Additionally, participants re-
ceived coach calls who summarized the weekly lessons and
presented feedback on their tracked diet, physical activity and
weight loss behaviours. App engagement was divided into four
groups - no engagement, only videos, only coach calls, video
and coach calls.

Results: Within a 3-4 month period, participants who viewed
the video lessons showed a significant decrease in weight and
obesity. Those who attended coach calls also showed a similar
trend but this did not reach statistical significance. The partici-
pants who both attended the calls and saw the videos showed a
significant decrease in weight and BMI however there was no
synergistic effect (Table 1).
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Conclusions: Engagement with the mDiab app resulted in
decreased weight and BMI with the strongest effect seen for the
video lessons.
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RESPONDER ANALYSIS APPROACH FOR ACCU-
CHEK� VIEW DATA: TEMPORAL DYNAMICS, HCP
INTERACTION - HOW TO UNDERSTAND INDUCED
FEEDBACK LOOPS

J. Moecks1, S. Bloethner2, N. Weis2, J. Weissmann2

1bioMcon GmbH, Science, Mannheim, Germany
2Roche Diabetes Care Deutschland GmbH, Medical Affairs,
Mannheim, Germany

Background: The app/web-based weight-reduction pro-
gram ACCU-CHEK VIEW showed a favorable success-rate in
metabolic-syndrome patients [1]. Interaction with HCPs through
personalized goal setting and messages induced complex feed-
back loops bearing upon the temporal dynamics of success and
failure. The present analysis presents approaches and results for
disentangling the behavioral patterns.

Methods & Results: A novel chart technique helped to
identify subgroups with distinct baseline characteristics and
specific weight-reduction dynamics. Detailed HCP-interaction
event-driven analysis revealed that a positive stance to both in-
target and off-target events was key for success. Graphs and
tables will present the spectrum of identifiable subgroups,
reaching from early program drop-outs to highly compliant un-
successful patients contrasted to those with early or late achieved
and maintained weight reduction.

Conclusion: The analysis revealed a plausible composition of
the population of metabolic syndrome patients. The analysis of
interactions may open up the road for further improving success
rates by focusing in detail on feedback loops for compliant patients.
[1] J.H.Arens, W.Hauth, J.Weissmann(2018): ‘‘Novel App- and
Web-Supported Diabetes Prevention Program to Promote
Weight Reduction, Physical Activity, and a Healthier Lifestyle:
Observation of the Clinical Application’’: JDST(Vol 12) pp
831-838.
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UTILISING A DIGITAL LIFESTYLE INTERVENTION
TO IMPROVE WEIGHT AND GLYCAEMIC CONTROL
IN PEOPLE LIVING WITH TYPE 2 DIABETES; A
SERVICE EVALUATION OF REAL-WORLD DATA

J. Hampton1, P. Kar2, S. Dee3, M. Whitman4

1NHS, General Practice, Bath, United Kingdom
2Portsmouth Hospitals NHS Trust, Diabetes and
Endocrinology, Portsmouth, United Kingdom
3OurPath, Dietetics, London, United Kingdom
4OurPath, NHS Partnerships, London, United Kingdom

Background: The purpose of this study was to evaluate the
real-world efficacy of OurPath, a digital lifestyle change pro-
gramme, aimed at improving weight and HbA1c levels for
people living with type 2 diabetes (T2D).

Method: Participants, who had already been diagnosed with
T2D, were recruited by practice and specialist nurses working in
the NHS. Each participant was referred to OurPath to take part in
a 3-month digital lifestyle intervention that integrates tracking
technology with daily education on nutrition, exercise, mental
wellbeing, peer group support and personalised health-coaching
from a registered dietitian. The study was funded by the Solent
Diabetes Association.

Results: 79% of participants enrolled on OurPath follow-
ing referral (n = 190), and a further 79% completed the 3-month
programme (n = 150); data is reported for these completed partic-
ipants (n = 119). Participants had a mean BMI of 35.1 kg/m2 (+- SD
6.7) at baseline. Participants with 3-month outcomes data achieved
a clinically significant mean weight loss (-6.6%, p < 0.01, n = 112)
and HbA1c reduction (13.6mmol/mol, p < 0.01, n = 50). 40% of
participants with 3-month HbA1c data achieved a HbA1c level of
<48mmol/mol. Participants with available 6-month weight data
showed a further decrease in mean weight (-8.3%, p = 0.02, n = 51).

Conclusions: Participants referred to the OurPath programme
achieved both clinically significant mean weight loss at 3 and 6
months, and also achieved a clinically significant mean reduction
in HbA1c. As a result, digital platforms like OurPath could offer an
effective and scalable solution to the T2D epidemic.
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ATTD19-0095

STUDY DESIGN FOR AN OBJECTIVE ASSESSMENT
OF MEALTIME BOLUS INSULIN BEHAVIOUR AND
ASSOCIATED FACTORS

J. Johnson1, J. Malone1, D. Price2, A. Wilke1, R.S. Jones1,
R. Schott1, H. Wolpert1

1Eli Lilly and Company, Diabetes Connected Care,
Indianapolis, USA
2Dexcom- Inc., Medical Affairs, San Diego- CA, USA

Background and Aims: Current diabetes management using
basal/bolus insulin regimens requires a high level of patient en-
gagement. One-third of patients with type 1 diabetes (T1D) or
type 2 diabetes (T2D) reported insulin omission/nonadherence at
least once in the past month. We aimed to objectively estimate
the average number of days per month with a missed bolus dose
in patients with T1D or T2D using continuous glucose moni-
toring (CGM) and a connected insulin pen.

Methods: This was a 12-week, multicenter, single-arm, out-
patient, exploratory study with 2 study periods in subjects with
T1D (age ‡21 to £65 years) or T2D (age ‡35 to £65 years); 68
subjects and 50 completers were planned. Subjects followed a
prescribed insulin regimen using insulin lispro 100 U/mL injected
via an investigational pen (which captured bolus insulin doses), and
glucose was monitored via a commercially available CGM device
(blinded during Study Period 1 and unblinded during Study Period
2). Patient reported outcomes (PRO) evaluations assessed potential
behaviours related to short-term glycaemic control.

Results: Expected outcomes include average missed or sub-
optimal bolus doses (MSBD) per day and month, percent time in
range (blood glucose >3.9 and £10 mmol/L), and PRO results.
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Conclusions: Using a connected insulin pen and a CGM de-
vice will allow for an assessment of MSBD, subject character-
istics, and the relationship of MSBD to short-term glycaemic
control. The MSBD metric may be important in the management
of insulin pen users.
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ATTD19-0096

A PRAGMATIC RANDOMIZED CONTROL TRIAL
EVALUATES ONE DROP WITH INHALABLE VS.
INJECTABLE INSULIN

A. Hirsch1, M. Heyman1, J. Raymond2, B. Huddleston1,
J. Dachis1, C. Osborn1

1One Drop, One Drop, New York, USA
2Children’s Hospital of Los Angeles- University of Southern
California, Keck School of Medicine, Los Angeles, USA

Objective: Digital therapeutics and innovative pharmaceuti-
cals may deliver better outcomes together than alone. We con-
ducted a pragmatic RCT to assess One Drop’s digital therapeutics
platform ([OD] mobile app, glucometer, and coaching) with
Afrezza inhalable insulin vs. OD and injectable insulin.

Methods: We randomized 265 adults with type 2 diabetes
(T2D) to one of two interventions. Chi-square and Mann-Whitney
U tests assessed baseline group differences. Multiple imputation by
group corrected for missing data. ANCOVA intent-to-treat (ITT)
and per protocol (PP) models tested effects on 3-month A1c.

Results: The enrolled sample (n = 119) was 50 – 11 years old,
53% female, 61% White with T2D for 14.5 – 8 years and an A1c
9.3% – 1.6%. Age and days between A1c differed by group and
were covariates. Both groups experienced significant A1c im-
provements (p < .008-04). A significant group by baseline A1c
interaction required examining effects by baseline A1c levels. In
ITT, a lower baseline A1c was associated with a better effect from
OD and Afrezza than OD and injectable insulin. In PP (n = 80),
3-month A1c trended lower in OD and Afrezza (MeanDiff -.47%
to -.73%; p < .09 to .19) vs. OD and injectable insulin.

Conclusion: OD with Afrezza was associated with -.94% ab-
solute A1c improvement; an absolute -.52% better A1c than OD
with injectable insulin and an absolute -.39% better A1c than
Afrezza without OD (i.e., based on a -.55% A1c effect). While
speed and external validity are trial strengths, power to identify
group differences was limited. Multiple methods are needed to
fully understand the effects of digital therapeutics with phar-
maceuticals.
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ATTD19-0142

PREVENTION OF SEVERE HYPOGLYCEMIA BY USE
OF THE ELECTROENCEPHALOGRAPHY (EEG)
BASED ALARM DEVICE, HYPOSAFE SUBQ

L. Blaabjerg1, L.S.R. Remvig1, S. Sylvest Nielsen1,
J. Duun Henriksen2, C. Juhl3, K. Højlund4, B. Thorsteinsson5,
H. Beck-Nielsen1

1UNEEG medical, Clinical, Lynge, Denmark
2UNEEG medical, Reaserch and Development, Lynge, Denmark

3Hospital South West Jutland, Department of Endocrinology,
Esbjerg, Denmark
4Odense University Hospital, Department of Endocrinology,
Odense C, Denmark
5North Zealand Hospital, Department of Cardiology-
Nephrology and Endocrinology, Hillerød, Denmark

Objective: Hypoglycemia is associated with characteristic
changes of the electrical activity of the brain with highly varying
glucose thresholds for the onset of these changes. The objective
of our current study is to test the subcutaneous electroencepha-
lography (EEG)-based alarm device, hyposafeTM SubQ using the
brain as a biosensor to prevent severe hypoglycemia.

Methods: 8 patients with type 1 diabetes and impaired hy-
poglycemia awareness were included in a 3-month pilot study.
EEG was recorded continuously and analyzed real-time using an
automated EEG algorithm. Daily use of the device was recorded.

Results: 7 patients completed the study with a total of 659
recording days. Median daily use was 22.3 hours (range: 19.1–
23.0) for 97 days (range: 60–109). One patient withdrew due to
discomfort. The hyposafeTM SubQ detected a total of 16 events
of hypoglycemia-related EEG changes in 5 patients, all during
daytime. The alarm was triggered at a median blood glucose
level of 2.4 mmol/L (range: 1.9–3.0). In all cases, the patients
were able to take preventive actions to avoid severe hypogly-
cemia. No false negatives were reported, as no patients reported a
need for external assistance for recovery. The patients experi-
enced a median false detection rate of 2.9/week (range: 0.3–8.9)
during daytime and 0.2/week (range: 0.0–2.0) during nighttime.

Conclusions: 7 patients used the hyposafeTM SubQ over a 3-
month period with high compliance. Hypoglycemia-related EEG
changes were detected in time for the patients to take preventive
action and avoid severe hypoglycemia. No false negative and few
false positives were detected, especially at night.
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ATTD19-0150

LIPOPEROXIDATION IS NEGATIVELY ASSOCIATED
WITH VASCULAR FUNCTION IN T1DM BUT NOT
WITH GLUCOSE CONTROL OR VARIABILITY

M. Prázný1, J. Škrha jr.1, T. Pelcl1, M. Fleka�c1, P. Ka�cer2,

J. Škrha1

1Charles University, 3rd Dept. of Internal Medicine- 1st
Faculty of Medicine and General Faculty Hospital, Prague,
Czech Republic
2Academy of Sciences of the Czech Republic, BiOCEV, Prague,
Czech Republic

Background: Oxidative stress contributes to vascular com-
plications in diabetes and may be induced by glucose variability
(GV). Increased GV is typical for Type 1 diabetes (T1DM) and it
would be useful to identify patients at risk for vascular compli-
cations using biomarkers and/or tests of vascular function. To
contribute to the development of such test(s), we evaluated skin
microvascular function, glucose variability and reactive alde-
hydes. Reactive aldehydes originate in lipoperoxidation and re-
flect the levels of oxidative stress.

Methods: We studied 56 T1DM patients (age 32 – 8 yrs,
HbA1c 62 – 12 mM/M or 7.8 – 1.5% DCCT, DM duration 14 – 6
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yrs). Reactive aldehydes with C-chain length from 6 to 12
(hexanal to dodecanal) and malonyl dialdehyde (MDA) were
measured by mass spectrometry. Mean blood glucose (MBG)
and GV (SD, CV, MAGE, CONGA) was calculated from 12 days
of masked continuous glucose monitoring. Skin microvascular
reactivity (MVR) was measured by laser-Doppler during oc-
clusion (PORH) and heating (TH).

Results: MVR during PORH was negatively associated with
octanal and MDA (p = 0.0003 and p = 0.017, respectively). Si-
milarly, TH was negatively associated with octanal, nonanal,
decanal and MDA (p < 0.0001, p = 0.021, p = 0.048 and p = 0.001,
respectively). No associations were found between reactive al-
dehydes and glucose control or variability. MVR was not asso-
ciated with glucose parameters as well.

Conclusion: In our cross-sectional observational study, higher
levels of reactive aldehydes were associated with impaired skin
MVR. MBG, HbA1c and GV were not associated with lipid
peroxidation or MVR. Other than simple glycemic mechanisms
are probably more important in the process of lipoperoxidation
and vascular damage in T1DM.

Support: AZV 15-26705A.
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ATTD19-0159

DPP-4 INHIBITORS (LINAGLIPTIN) IMPACT ON
KLOTHO SERUM LEVEL IN PATIENTS WITH TYPE
2 DIABETES

L. Milovanova1, M. Taranova1, S. Milovanova1, M. Lebedeva1,
O. Li1, A. Kuchieva1, V. Kozlov1, V. Zabadaev1, D. Zubacheva1,
Y. Milovanov1, M. Brovko1

1E. M. Tareev Clinic of Nephrology and Internal diseases- I.M.
Sechenov First Moscow State Medical University, Nephrology,
Moscow, Russia

Cardiovascular complications are the main cause of death in
type 2 diabetes (T2D) patients. The development of early cardio-
vascular risk markers and search for the ways of risk elimination is
an urgent public heath priority. Klotho protein level appears the
earliest marker of cardiovascular and renal lesion in T2D patients.

We compared the effect of linagliptin on Klotho serum level in
T2D patients in a prospective, randomized, double-blinded,
placebo-controlled study.

Materials and methods: The study involved 42 T2D patients
with nephropathy (microalbuminuria, GFR ‡60 ml/min). The
study group (n = 22) received 5 mg a day of linagliptin (DPP-4
inhibitor). The control group (n = 20) received placebo and other
types of hypoglycemic drugs (except SGLT2 inhibitors). The
follow-up period was 3 years. We measured GFR level and
cardiovascular markers: Klotho serum level (ELISA), Echo data,
sphygmography («Sphygmocor», Australia) at the baseline and
at the end of follow-up period.

Results: We found significant difference between the groups in:
Klotho level (p = 0.0027), GFR (p = 0.0412), heart valves calcifica-
tion (p = 0.043), vessel augmentation (stiffness) index (p = 0.0011),
LVMMI (p = 0,0048), creatinine/microalbuminuria ratio (p = 0.013).

Conclusion: The long term DPP-4 inhibitors (linagliptin)
nephroprotective effect in the study group can be associated with
the drug impact on Klotho level resulting in cardiovascular risk
decrease (lower cardiovascular calcification and left ventricular
hypertrophy) compared to the control group.
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ATTD19-0160

EFFECT OF OSTHOLE ON ADVANCED GLYCATION
END PRODUCTS-INDUCED RENAL TUBULAR
HYPERTROPHY AND ROLE OF KLOTHO IN ITS
MECHANISM OF ACTION

J.S. Huang1, W.C. Kan2, J.Y. Hwang3

1Chung Hwa University of Medical Technology, Medical
Laboratory Science and Biotechnology, Tainan, Taiwan R.O.C.
2Chi-Mei Medical Center, Nephrology, Tainan, Taiwan R.O.C.
3Chung Hwa University of Medical Technology, Food
Nutrition, Tainan, Taiwan R.O.C.

Background and Aims: Osthole has been widely reported
to have pharmacological activities such as anti-cancer, anti-
inflammation and anti-hyperlipidemic effects. Klotho was identi-
fied as an anti-senescence protein in a variety of tissues. Loss of
klotho has been associated with chronic kidney disease. In the
current study, we undertook to investigate the molecular mecha-
nisms of osthole and exogenous klotho against AGE-induced renal
tubular hypertrophy.

Method: Cell viability was elucidated by MTT assay. Protein
expression was measured by Western blotting. mRNA level was
analyzed by real-time PCR. Cellular hypertrophy growth was
evaluated by hypertrophy index. Relative cell size was detected
by flow cytometry.

Results: We found that raising the ambient AGE concentration
causes a dose-dependent decrease in klotho synthesis. Osthole
significantly increased AGE-inhibited klotho mRNA and protein
expression. Osthole and exogenous klotho treatments significantly
attenuated AGE-induced Janus kinase 2 (JAK2)-signal transducers
and activators of transcription 1 (STAT1) and STAT3 activation.
Moreover, protein levels of suppressor of cytokine signaling 1
(SOCS1) and SOCS3 were augmented by osthole and exogenous
klotho. The abilities of osthole and exogenous klotho to reverse
AGE-induced cellular hypertrophy were verified by the observa-
tion that osthole and exogenous klotho inhibited p21Waf1/Cip1/col-
lagen IV/RAGE expression, total protein content, and cell size.

Conclusion: We found that osthole attenuated AGE-induced
renal tubular hypertrophy via induction of klotho expression and

ATTD 2019 E-POSTER VIEWING ABSTRACTS A-147

D
ow

nl
oa

de
d 

by
 4

2.
10

7.
20

2.
11

2 
fr

om
 w

w
w

.li
eb

er
tp

ub
.c

om
 a

t 1
2/

18
/1

9.
 F

or
 p

er
so

na
l u

se
 o

nl
y.

 



suppression of the JAK2-STAT1/STAT3 signaling. These re-
sults also showed that klotho might be used as a unique molecular
target for the treatment of diabetic nephropathy.
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ATTD19-0162

ARE FOUR TIMES DAILY INJECTION OF INSULIN
USING A SMART BLOOD GLUCOSE METER AS
EFFECTIVE AS INSULIN PUMP THERAPY IN
PEDIATRIC PATIENTS WITH DIABETES?

J. Nagelhout1, R. Nuboer1, T. Snel2

1Meander Medisch Centrum Amersfoort, Pediatric Diabetes
Clinic, Amersfoort, The Netherlands
2Roche Diabetes Care Nederland BV, Medical Affairs, Almere,
The Netherlands

Introduction: In the Netherlands the healthcare cost are in-
creasing and cost efficiency decisions about effective use of ad-
vanced and generally more expensive devices is increasingly
needed. Therefore, the question arises whether four times daily
injections in combination smart glucose meter (meter with bolus
advice function similar to the boluswizard) is as effective as insulin
pump therapy in pediatric patients with diabetes in the clinical
practice.

Objective: The objective of this study was to evaluate whether
patients on a four times daily regime with a smart glucose meter
have a comparable HbA1c compared with insulin pump users.

Methods: Single center retrospective observational cross-
sectional database analysis

Results: 175 patients in the clinic were evaluated of which
48% used an insulin pump, 42% used a smart meter and (9%) used
a basic blood glucose meter. Initial results show that the average
HbA1c of patients on an insulin pump was 65.8 mmol/mol
(SD = 10.0). The HbA1c of patients on MDI and a smart meter the
average HbA1c was also 65.8 mmol/mol (SD = 14.8). Consider-
ing a 5 mmol/mol difference in HbA1c as clinically relevant it is
shown with a two one-sided test procedure that the groups are
indeed equal (p < 0.01). Further analysis will be performed to
control for potential confounders.

Conclusion: This database study has shown that with 4 daily
injections of insulin with a smart meter can achieve equal results
compared to pump therapies.
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ATTD19-0176

ADJUST: IMPACT OF BLINDED CONTINUOUS
GLUCOSE MONITORING USE ON CLINICAL
DECISION AND GLYCEMIC CONTROL OF PEOPLE
WITH TYPE 2 DIABETES UNDERGOING INSULIN
THERAPY

R. Ribeiro1, R. Andrade2, D. Nascimento do Ó2, J. Raposo2

1University of Aveiro, iBiMed - Institute of Biomedicine,
Aveiro, Portugal
2APDP - Diabetes Portugal, ERC - Education and Research
Centre, Lisboa, Portugal

Introduction: In people with type 2 diabetes (T2D) without
adequate glycemic control for an extended period of time, blin-
ded continuous glucose monitoring (CGM) can provide detailed
information about daily glycemic profile, facilitating therapeutic
support.

Material and Methods: We recruited 102 individuals with
T2D undergoing insulin therapy, aged less than 66 years old and
HbA1c ‡7.5%. Participants performed a 7 days blinded CGM
(iPro2) each four month, for one year. Retrospective data was
also collected. Laboratory analysis, anthropometric measure-
ments, CGM interpretation, and GHQ and DTSQ questionnaires
were performed.

Results: 90 participants, aged 56.9 – 0.8 years, diabetes du-
ration of 16.9 – 0.8 years and BMI of 31.0 – 0.5 kg/m2 completed
the protocol.

HbA1c at study enrollment was 9.4 – 0.1% (worse than clin-
ical records showed from one year before (9.1 – 0.1%,
p = 0.003)). With the intervention, a decrease in HbA1c was
achieved already at 4 months (8.4 – 0.1%, p < 0.0001), and
maintained by one year (8.1 – 0.1%, p < 0.0001). Successive
blinded CGM enabled therapeutic changes to be translated into
more targeted support.

Furthermore, we observed a significant increase in time-in-
range (70-140 mg/dL; 25.4 – 1.8 vs 32.6 – 1.9%, p < 0.01), es-
pecially due to lower exposure time above 140mg/dL (73.2 – 2.0
vs 66.1 – 2.0% p < 0.05) with no difference in exposure time
below 70mg/dL (1.4 – 0.3 vs 1.0 – 0.2% p = 0.6).

After one year, there was an increase in self-reported diabetes
treatment satisfaction (p < 0,05) and a decrease in perceived
hyperglycemia exposure (p < 0,001).

Discussion: In people with T2D and worsening metabolic
control, clinical decision based on the interpretation of blinded
CGM provided a significant improvement in clinical outcomes,
effective shared decision-making, and patient satisfaction with
treatment.
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ATTD19-0199

PLASTIC PLANT POLLUTION AND PREVALENCE OF
PRE-DIABETES AND TYPE 2 DIABETES MELLITUS

S. Meo1, F. Almutairi2, M. Alasbali2, T. Alqahtani2,
S. AlMutairi2, R. Albuhayjan2

1King Saud University, College of Medicine - Department of
physiology, Riyadh, Saudi Arabia
2King Saud University, College of Medicine, Riyadh,
Saudi Arabia

Worldwide, millions of people are working daily in a dusty
environment in various occupational allied industries. Plastic
production is markedly increasing and its pollution is an
emerging global health concern. This study aimed to investigate
the occurrence of pre-diabetes and type 2 diabetes mellitus
among non-smoking plastic industry workers. 278 non-smoking
plastic industry workers were recruited. The mean age for the
participants was 38.03 – 10.86 years and Body Mass Index was
25.52 – 3.15(kg/m)2. The plastic industry workers had been ex-
posed to plastic plant pollution for about 8 hours daily, six days in
a week. Subjects with HbA1c less than 5.7% were considered
non diabetics; HbA1c 5.7%-6.4% were pre-diabetics; and
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subjects with HbA1c more than 6.4% were considered diabetics.
In plastic industry workers the prevalence of pre-diabetes was
176 (63.30%) and diabetes mellitus was 66 (23.74%) however,
36 (12.95%) plastic plant workers were normal. The prevalence
of pre-diabetes and type 2 diabetes mellitus among plastic in-
dustry workers was significantly increased with duration of
working exposure in plastic industry.
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ATTD19-0203

WHOLE-EXOME SEQUENCING FOR MONOGENIC
DIABETES IN RUSSIAN CHILDREN REVEALS HIGH
FREQUENCY OF GENETIC VARIANTS IN MODY-
RELATED AND UNRELATED GENES

M. Turkunova1, E. Bashnina2, L. Ditkovskaya1, O. Glotov3,
O. Berseneva2, E. Serebryakova3, A. Glotov3, Y. Barbitoff4,
Y. Nasykhova5, A. Predeus6, D. Polev7, M. Fedyakov7,
I. Polyakova8, T. Ivashchenko9, N. Shved3, E. Shabanova9,
O. Romanova10, A. Sarana8, S. Scherbak8, L. Jelenina1,
L. Tyrtova1, E. Suspitsin11, V. Baranov5

1St. Petersburg State Paediatric Medical University,
endocrinology department, St. Petersburg, Russia
2North-Western State Medical University named after I.I.
Mechnikov., endocrinology, St. Petersburg, Russia
3D.O.Ott Research Institute of Obstetrics- Gynecology and
Reproductology- St. Petersburg State University- City hospital
No 40, Laboratory of Prenatal Diagnosis-genetic laboratory-
genetic, St. Petersburg, Russia
4St. Petersburg State University- Bioinformatics Institute,
genetic laboratory- genetic, St. Petersburg, Russia
5D.O.Ott Research Institute of Obstetrics- Gynecology and
Reproductology- St. Petersburg State University, Laboratory of
Prenatal Diagnosis-genetic laboratory, St. Petersburg, Russia
6Bioinformatics Institute, genetic laboratory,
St. Petersburg, Russia
7St. Petersburg State University, genetic, St. Petersburg, Russia
8St. Petersburg State University- City hospital No 40, genetic
laboratory- genetic, St. Petersburg, Russia
9D.O.Ott Research Institute of Obstetrics- Gynecology and
Reproductology, Laboratory of Prenatal Diagnosis,
St. Petersburg, Russia
10D.O.Ott Research Institute of Obstetrics- Gynecology and
Reproductology- City hospital No 40, Laboratory of Prenatal
Diagnosis-genetic laboratory- genetic, St. Petersburg, Russia
11St. Petersburg State Paediatric Medical University,
endocrinology department- genetic laboratory,
St. Petersburg, Russia

Using whole-exome sequencing, we identified the frequency
and the spectrum of genetic variants causative of monogenic
diabetes in 93 Russian children with non-type 1 diabetes melli-
tus. Genetic variants were screened in a total of 35 genes: 13
genes causative of MODY (HNF4A(MODY1), GCK(MODY2),
HNF1A(MODY3), PDX1(MODY4), HNF1B(MODY5), NEU-
ROD1(MODY6), KLF11(MODY7), CEL(MODY8), PAX4(M-
ODY9), INS(MODY10), BLK(MODY11), ABCC8(MODY12),
KCNJ11(MODY13)), and 22 genes causative of transient or
permanent neonatal diabetes, including the ones related to spe-
cific syndromes (EIF2AK3, RFX6, WFS1, ZFP57, FOXP3,

AKT2, PPARG, APPL1, PTF1A, GATA4, GATA6, GLIS3,
IER3IP1, LMNA, NEUROG3, PAX6, PLAGL1, SLC19A2,
SLC2A2, SH2B1, SERPINB4, MADD). Overall, 50 out of 93
patients (55 %) had genetic variants in the target genes. Of all 50
positive patients, 42 (84 %) had genetic variants in MODY-
related genes. The majority of these patients – 35 out of 42 – had
genetic variants in GCK (MODY2). We analyzed the relation-
ship of the detected genetic variants to the patients’ diabetic
phenotypes. Among 42 detected genetic variants, 25 have been
reported previously to be linked to monogenic diabetes and 17
were novel ones. Thus, our results together with the results of
other studies show that a higher mutation detection rate may be
achieved by increasing number of genes tested. In this regard,
one more advantage of WES should be mentioned: DNA se-
quencing data may be easily stored for further analysis of newly
discovered candidate genes. Ethnic differences play an important
role in determining epidemiology of monogenic diabetes, espe-
cially of MODY.
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ATTD19-0218

ASSESSMENT OF LONGEVITY OF THE COATED
CONVATEC INFUSION SET WITH LANTERN
TECHNOLOGY

R. Lal1,2, P.K. Schøndorff3, L. Hsu2, J. Keller2, M. Heschel3,
B. Buckingham2

1Stanford University, Internal Medicine- Division of
Endocrinology, Stanford, USA
2Stanford University, Pediatrics- Division of Endocrinology,
Stanford, USA
3ConvaTec, Research & Development, Copenhagen, Denmark

Objective: Current insulin infusion sets are approved for 2-3
days of wear; however, glucose sensors are approved for 10 days
of wear. A commonly reported reason for discontinuing use of
diabetes technology within 1 year is not wanting to wear devices
on two sites of the body. Any attempt to create a combined
glucose sensor and infusion set for closed-loop control requires a
set with greater longevity. The coated ConvaTec Infusion Set
with Lantern Technology is a new infusion set with multiple slits
intended to reduce foreign body response and occlusion from
bending or kinking, thereby enabling greater longevity.

Research Design And Methods: A pilot safety and extended
wear tolerability study will be performed at Stanford University.
The study will enroll 24 adult subjects on tethered insulin pump
therapy using insulin aspart or lispro. Each participant will place
the set and wear it for 10 days or until set failure to establish a
maximum length of infusion set wear when 80% of sets are still
functional (excluding accidental ‘‘pull-outs’’).

Results: Infusion set failures are based on: (1) Presence of
serum ketones with hyperglycemia; (2) Unexplained hypergly-
cemia, unresolved with correction dose; (3) Signs of infection at
the infusion site; (4) Pump occlusion alarm; and (5) Adhesive
failure.

Conclusions: The duration of wear established in this pilot
study will be used to perform a masked, randomized controlled
crossover study comparing time to failure of the coated Con-
vaTec Infusion Set with Lantern Technology against commer-
cially available infusion sets without coating and slits.
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ATTD19-0223

NOCTURNAL HYPOGLYCEMIA IN DIABETIC
CHILDREN: EFFECT ON AUTONOMIC HEART
RATE REGULATION

S. Bachmann1, U. Zumsteg1, C. Gantenbein2, K. Denhaerynck3,
B. Donner2

1University Children’s Hospital Basel UKBB, Pediatric
Endocrinology and Diabetologie, Basel, Switzerland
2University Children’s Hospital Basel UKBB, Pediatric
Cardiology, Basel, Switzerland
3Basel University, Institute of Nursing Science,
Basel, Switzerland

Background: Hypoglycemia is the most common complication
in insulin treated diabetes. Nocturnal hypoglycemia can be fatal in
rare cases, and there is evidence, that sympathoadrenal stimulation
contributes to cardiac arrhythmia. On the other hand, disturbed
autonomic function has already been seen in children with type 1
diabetes and is associated with hypoglycemia unawareness.

Objective: To determine heart rate variability (HRV) in children
with type 1 diabetes during episodes of nocturnal hypoglycemia.

Patients and Methods: In 25 (11f, 14m) children with type 1
diabetes (mean age 13.5 y, range 8.1–17.5) continuous glucose
monitoring was performed for 5 days, and simultaneously, holter
ECG (Schiller) was recorded during each night. HRV parameters
(RMSSD, LF and HF = low and high frequency component) were
analyzed for different 15min intervals during nocturnal hypo-
glycemia (< 3.7mmol/l): before hypoglycemia, at the start of
hypoglycemia, before nadir, after nadir, at the end of hypogly-
cemia and after hypoglycemia.

Results: 41 episodes of nocturnal hypoglycemia were ob-
served, 33 with ECG recording. HRV changed significantly
during these episodes: RMSSD and HF (both representing
parasympathetic activity) decreased continuously from the time
interval before hypoglycemia to the time interval after nadir,
while LF (representing sympathetic activity) and heart rate in-
creased in these intervals (p = 0.04).

Conclusion: We could document short term and immediate
changes in HRV during episodes of nocturnal hypoglycemia. As
these represent reactions in the autonomic modulation, we could
demonstrate intact sympathoadrenal counterregulation to hypogly-
cemia in our patients. HRV reactions to hypoglycemia occur prompt
and therefore may be utile for hypoglycemia detection in the future.
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ATTD19-0246

PAN-EUROPEAN ECONOMIC ANALYSIS TO
IDENTIFY POTENTIAL COST SAVINGS FOR THE
HEALTH CARE SYSTEMS AS A RESULTS OF
INTEGRATING TELEMEDICINE INTO DIABETES
MANAGEMENT

K. Fritzen1, M. Rubio Almanza2, B. Kennon3, A. Nicolucci4,
B. Vergès5, K. Zakrzewska6, O. Schnell7

1Sciarc, Institute, Baierbrunn, Germany
2Hospital Universitario y Politécnico La Fe, Servicio de
Endocrinologia y Nutrición, Valencia, Spain

3Queen Elizabeth University Hospital, University Hospital,
Glasgow, United Kingdom
4Center for Outcomes Research and Clinical Epidemiology,
Coresearch, Pescara, Italy
5Centre Hospitalier Universitaire de Dijon, Endocrinologie-
Diabétologie- Maladies Métaboliques et Nutrition,
Dijon, France
6Lifescan, Johnson&Johnson, Zug, Switzerland
7Forschergruppe, Diabetes, Muenchen, Germany

Background and aims: Self-monitoring of blood glucose
supported by the mobile diabetes-app OneTouch Reveal� can
improve HbA1c. We aimed at analysing costs savings related to
the HbA1c reduction based on the integration of telemedical
features into diabetes management.

Material and methods: Data from a randomized controlled
study, analysing the influence of the colour-based glucose meter
and the mobile diabetes-app OneTouch Reveal� on glycaemic
control, were used to assess the 10-year risk of patients for a fatal
myocardial infarction (MI). On the basis of the risk assessments,
cost savings - also related to a 5 % reduction of hypoglycaemic
episodes - for the health care systems of five European countries
(France, Germany, Italy, Spain and UK) were modelled.

Results: An HbA1c reduction of 0.92 % in insulin-treated
T2DM patients over six month that was observed in the rando-
mised trial, was associated with a 1.2 % decreased 10-year risk
for fatal MI. In our model this decrease led to cost savings of
e 16.37 (France), e 15.22 (Germany), e 23.11 (Italy), e 13.49
(Spain) and e 7.24 (UK) per patient-year. Considering all insulin-
treated T2DM patients in the respective countries, this 1.2 %
reduction of MI resulted in annual savings of e 8.1 million
(France), e 29.1 million (Germany), e 15.6 million (Italy), e 11.9
million (Spain) and e 2.9 million (UK).

Conclusion: Improving metabolic control and thus risk for
comorbidities like MI by combining the colour-based glucose
meter with the mobile diabetes-app OneTouch Reveal� has the
potential to reduce costs for European health care systems.
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FRAMEWORKS FOR EVALUATING MHEALTH
TECHNOLOGIES LACK PATIENT FOCUS

M. Bradway1, K. Antypas2, J. Lee3, N. Wroblewska4, E. Årsand1

1University Hospital of North Norway, Norwegian Centre for
E-health Research, Tromsø, Norway
2The University of Oslo, Department of Nursing Science,
Oslo, Norway
3University of Cambridge, Department of Politics and
International Studies, Cambridge, United Kingdom
4University of Cambridge, School of Clinical Medicine- Faculty
of Biology, Cambridge, United Kingdom

Introduction: There are many attempts to create multi-level
frameworks for mHealth evaluation. However, due to the com-
plex environment of mHealth technologies, there has been no
consensus on a standard. With the aim of providing input for a
consensus, we performed a review of different mHealth assess-
ment frameworks.

Methods: Literature searches were performed in Google
Scholar, Google and PUBMED for publicly available
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descriptions of mHealth assessment efforts and strategies. Ex-
clusion criteria included descriptions of single method ‘‘frame-
works’’, e.g. questionnaires. Search terms and data extraction
strategy described in Figure 1.

Results: Three main types of frameworks were identified:
implementation frameworks (n = 20), assessment frameworks
(n = 28), and service frameworks (n = 13). Developed definitions
are described in Figure 2. The most commonly covered areas
were security (n = 18), privacy (n = 17), usability (n = 16), and
user experience (n = 16). Target audiences included developers,
policy-makers, researchers, and health professionals.

Discussion: While user experience was considered a common
priority for frameworks, with the most frequent users of mHealth
being individual citizens, surprisingly few frameworks focused
on this stakeholder group.

Conclusion: Stakeholder-specific frameworks spanning a di-
versity of target audiences have both advantages and disadvantages,
but overall, create a fragmented mHealth assessment landscape. It is
clear that one framework cannot be expected to assess all the dif-
ferent aspects of mHealth. Actions are needed to coordinate these
efforts to utilize all stakeholders’ expertise. As citizens are the most
experienced and prevalent mHealth users, they must be involved in
the development and have easy access to resulting framework(s).
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ASSOCIATION OF THE FABP2 GENE RS1799883
POLYMORPHISM WITH CARBOHYDRATE
METABOLISM DISORDERS IN THE REPUBLIC
OF TATARSTAN

K. Khasanova1, F. Valeeva1, T. Kiseleva1, E. Valeeva2,
E. Sozinova2, I. Ahmetov2

1Kazan State Medical University, Endocrinology,
Kazan, Russia
2Kazan State Medical University, Central scientist laboratory,
Kazan, Russia

The aim of the study: to investigate the possible association
of the FABP2 gene rs1799883 polymorphism with different
disorders of carbohydrate metabolism in residents of the Re-
public of Tatarstan (RT).

The study involved 225 patients (aged 38-76) with a single
history of hyperglycemia and 95-with confirmed diagnosis of
type 2 diabetes (T2DM). All patients underwent an oral glucose
tolerance test. The patients were divided into groups: 1-impaired
glucose tolerance, 2–impaired fasting glycemia (IFG), 3–func-
tional hyperinsulinism, 4-newly T2DM. DNA was isolated from
leukocytes, followed by analysis of gene polymorphisms with
real time PCR (TestGen). The control was taken from the 1000
genomes database (European population).

The frequency distribution of alleles and distribution of ge-
notypes of the A/G polymorphism of the FABP2 gene in the
control and study groups corresponded to the Hardy-Weinberg
distribution (p > 0.05). The A allele is associated with an in-
creased risk of developing T2DM (OR = 1.32, 95% CI [0.99-
1.78]); the GG genotype is associated with a reduced risk of
disease (OR = 0.72, 95% CI [0.49-1.06]). It was found that the
chance of developing a disorder significantly increases in the
carriers of the AA (OR = 5.52, p = 0.02) in the group with IFG.
A significant correlation of the rs1799883 of the FABP2 with the
level of insulin and C-peptide (r = 0.16, p = 0.04, r = 0.15,
p = 0.05,respectively) was obtained.

The association of the FABP2 gene with the risk of developing
T2DM in RT has been proved. Apparently, the A/G polymor-
phism of the FABP2 is mostly associated with the insulin resis-
tance in the group of patients with early carbohydrate
metabolism disorders.
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IMPORTANCE OF IDENTIFIABILITY ANALYSIS IN
RELIABLE INDIVIDUALIZED MODEL FOR USE IN
ARTIFICIAL PANCREAS SYSTEMS

A. Douvas1, J. Garcia-Tirado1, P. Colmegna1, M. Breton1

1University of Virginia, Center for Diabetes Technology,
Charlottesville, USA

Objective: To show the importance of robust identifiability
analysis on personalized glucose forecasting.

Background: Standard methods for model identification
usually assume population values or direct identification without
analysis of parameter identifiability. Neither of these methods
produces a reliable patient-specific set of parameter values since
the impact of the model structure or the amount and quality of the
available data is not exploited.

Method: The Subcutaneous Oral Glucose Minimal Model is
derived from the well-known minimal model of glucose-insulin
kinetics that has been extensively used in Artificial Pancreas
Systems. SOGMM has 13 parameters of which 2 are a priori
known. Model individualization included correlation analysis
among parameters, global parameter ranking, and structural and
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practical identifiability analysis to define a final unique set of 5
parameters. Data from 2 clinical trials (NCT02137512 and
NCT02558491), were used for analysis and parameters identi-
fication. Our method was compared to the identification of all 11
model parameters, using the same optimization procedure. Data
from 6 subjects was separated in 6 hour non-overlapping inter-
vals and 2 steps forecast was used to assess quality of fit via root
mean square error (RMSE).

Result: Average RMSE value was improved: 18.8 – 16.75mg/dL
vs 27.5 – 27.46mg/dL. Maximum errors in glucose forecast over all
cases were 32.9mg/dL vs. 102.2mg/dL.

Conclusion: Methods not accounting for robust identifiability
lack the precision of parameter estimation necessary for accurate
forecast. On the contrary, robust identifiability analysis can be
associated not only with a reduction of computational burden, but
also with an improvement in the accuracy of glucose predictions.
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CHANGES OF INSULIN SENSITIVITY AND EXPOSURE
TO HYPOGLYCEMIA ACROSS THE MENSTRUAL
CYCLE IN WOMEN WITH TYPE 1 DIABETES FREE-
CYCLING OR USING ORAL CONTRACEPTIVE

L. Mcdonald1, C. Fabris1, E. Gamarra2, S. Bertaina2,
M. Valenzano2, M. Breton1

1University of Virginia, Center for Diabetes Technology,
Charlottesville, USA
2San Giovanni Battista ‘‘Le Molinette’’ General Hospital,
Department of Endocrinology- Diabetology- and Metabolic
Diseases, Torino, Italy

Background: Women with Type 1 Diabetes (T1D) face ad-
ditional challenges in achieving successful glycemic control due
to changing insulin requirements throughout the menstrual cycle.
Insulin sensitivity (SI) is a key metabolic parameter mediating
insulin action on glucose homeostasis. Our purpose is to assess
the impact of menstrual cycle phases on SI and exposure to
hypoglycemia, comparing free-cycling (FC) women to those
using oral contraceptives (OCP).

Methods: Twelve women with T1D (8[4] FC[OCP]) using
continuous glucose sensor (CGM) and insulin pump were studied
for 3 menstrual cycles. Cycle phases were determined based on
dates of menses and ovulation kits. SI was calculated using a

Kalman filter-based algorithm, from CGM, meal, and insulin
pump data. Exposure to hypoglycemia was quantified using the
low blood glucose index (LBGI). SI and LBGI were compared
between the last 5 days of a cycle (late luteal phase [LL]) and the
first 3 days of the following one (early follicular phase [EF]).
Total daily insulin (TDI) was also compared between the phases.

Results: SI significantly increased from LL to EF in FC wo-
men (p = 0.006); this was accompanied by an increase in LBGI
(p = 0.03), despite a decreased TDI (p = 0.044) [see Figure]. In
women using OCP, SI and LBGI did not show a statistically
significant increase, with TDI remaining unchanged.

Conclusions: These preliminary results suggest that the initial
phase of the menstrual cycle is characterized by increased SI,
which – in absence of adequate therapy adjustment – may lead to
higher exposure to hypoglycemia. This phenomenon seems to be
mitigated through the use of OCPs.
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THE OCCURRENCE OF OBSTRUCTIVE SLEEP APNEA
SYNDROME IN PATIENTS WITH DIABETIC FOOT
AND IT’S POSSIBLE ASSOCIATION WITH LIMB
ISCHEMIA AND WOUND HEALING.

V. Fejfarová1, M. Klementová1, J. Polák2, R. Bém1, M. Dubský1,
A. Jirkovská1, V. Wosková1, A. Němcová1, E. Vrátná1,
M. Křı́�zová1, V. Lánská1

1Institute for Clinical and Experimental Medicine, Diabetes
Centre, Prague, Czech Republic
2FNKV, 3rd. Medical Faculty- Charles University, Prague,
Czech Republic

Aim: The aim of our study was to assess in patients with DF
(diabetic foot) the occurrence of Obstructive Sleep Apnea
Syndrome(OSAS)and its association with peripheral arterial
disease(PAD)and impact on DF healing.

Methods: We included into our study 38 patients with DF
whose completed screening and sleep disability questionnaires
and underwent ApneaLink screening test for the OSAS detec-
tion. Patients were divided into 2 groups-group A (OSAS posi-
tive) and group B (OSAS negative). During the follow-up
periods (6-9 months and 12-15 months) macrovascular and mi-
crocirculation status (transcutaneous oxygen tension-TcPO2)
and DF healing were assessed.

Results: OSAS was detected in 79% of studied patients (30/
38–group A),of whom 30% had the severe form of OSAS(9/
30).Trends to higher incidence of PAD (50%vs.25%;p = 0.18)
and to lower values of TcPO2 (38.7 – 12.9 vs.50.8 – 10.8
mmHg;p = 0.14) with higher frequency of patients with TcPO2
bellow 40mmHg (50%vs.12.5%;p = 0.096) were found in group
A compared to group B. Patients from group A had significantly
larger defects(p = 0.03) as at the begging of this study, as after 6-9
months(p = 0.002and 0.001) and 12–15 months(p = 0.001and
0.0009). The presence of OSAS had no impact on the DF prog-
nosis. Patients with severe OSAS were significantly older(p =
0.03), had more sleep abnormalities(p = 0.01), larger DF ulcers
at the end of the study(p = 0.08) and higher occurrence of new DF
ulcers(p = 0.09)

Conclusion: The incidence of OSAS including it’s severe
form is probably higher in patients with DF compared to general
diabetic population. Patients with OSAS had higher occurrence
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of PAD and lower TcPO2 values. OSAS has probably no clinical
impact on the DF prognosis but could negatively influence DF
characteristics.VZ 00023001
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CRASH: CONVERSATIONS AND REACTIONS
AROUND SEVERE HYPOGLYCEMIA: A GLOBAL
STUDY

E. Balogh1, F. Snoek2, A. Jiletcovici1, M. Peyrot3, X. He1,
S. Bajpai1, B. Osumili1, A. Strizek1, Z. Balantac4, B. Mitchell1

1Eli Lilly and Company, Medical, Indianapolis, USA
2VUMC, Medical Psychology, Amsterdam, Netherlands Antilles
3Loyola University Maryland, Sociology, Baltimore, USA
4Evidera, Outcomes Research, Bethesda, USA

Background and Aims: There is little known about the ex-
perience of persons with diabetes (PWD) and their caregivers’
(CG) knowledge of a severe hypoglycemic event (SHE), and the
use of glucagon to treat such an event. The CRASH (Con-
versations and Reactions Around Severe Hypoglycemia) cross-
sectional survey was developed to address this research gap.

Method: Medical research panels were used to identify and
recruit 400 participants (200 PWD and 200 CG, evenly divided
between type 1 and type 2 diabetes) in each of six countries:
Canada, Germany, China, Spain, UK, and US. All participants
were age ‡18 years old. Inclusion criteria for PWD included self-
report of insulin therapy and having had experienced a SHE
within the past 3 years. CG inclusion required self-report of
caring for a PWD ‡4 years old on insulin therapy, who had
experienced a SHE within the past 3 years. Participants com-
pleted a 30-minute online survey that examined their under-
standing of a SHE and its treatment, their actions during the SHE,
and finally, what precautionary actions occurred after the SHE in
terms of prevention and emergency preparedness. Descriptive
analyses were conducted. Management and impact of a SHE
were analyzed by subgroups including: diabetes type, participant
type, age, glucagon use.

Results: Data from 400 UK participants were analyzed.
Findings describe symptom recognition, knowledge and use of
self-management strategies and professional emergency medical
assistance.

Conclusion: Results provide much needed insights of the
impact SHE (both personal and societal perspectives) and current
glucagon treatment have on PWD and their CG.
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USING TWINE OPEN-SOURCE SOFTWARE TO
CREATE SERIOUS AND ENTERTAINING DIGITAL
GAMES – ENHANCING DOCTOR AND PATIENT
MANAGENT OF DIABETES

N. Quail1, M. Lai1, M. Oje2, A. Linn1, P. Rea1, D. Livingstone3,
J. Nally2, J. Boyle1

1University of Glasgow, Medical Veterinary and Life Sciences,
Glasgow, United Kingdom

2Glasgow Caledonian University, Health and Life Sciences,
Glasgow, United Kingdom
3Glasgow School of Art, School of Simulation and
Visualisation, Glasgow, United Kingdom

Background: Diabetes management is a complex learning
process for patients and an area of low confidence amongst junior
doctors. Serious digital games allow healthcare professionals to
simulate clinical interactions in a safe environment. Many facets
of diabetes management, such as carbohydrate counting, also
lend themselves to gamification. Our work utilises Twine open-
source software to create digital games that facilitate patient and
healthcare professional education in diabetes management.

Method: Three serious digital games with virtual patients
were developed using Twine open-source software, Wacom In-
tuous Pro, Autodesk SketchBook, Camtasia Studio, and simu-
lated patient videos. Chalk-talk explanations of key concepts are
integrated into these cases. A prototype was piloted by a small
cohort of medical students and junior doctors and evaluated us-
ing the Kirkpatrick model. A detective-themed game was also
developed using the aforementioned technology to enable dia-
betic patients to engage in aspects of management in a safe en-
vironment.

Results: Pilots with senior medical students and junior doctors
have demonstrated high levels of engagement, as well as sig-
nificant improvements in confidence and knowledge (p < 0.05).
Larger cohort analysis will subsequently be performed, with a
view to incorporating games into undergraduate and postgradu-
ate curriculums. The utility of our patient-orientated game will
be tested in a similar way.

Conclusion: Twine software can be used to create serious
digital games that enhance the confidence and knowledge of
medical students and junior doctors in diabetes management. It
may also represent an opportunity to create games that enable
patients to practise diabetes management in a safe and engaging
environment.
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DDP-4 INHIBITORS VERSUS SULPHONYLUREAS AND
CARDIOVASCULAR OUTCOMES: A META-ANALYSIS
OF OBSERVATIONAL COMPARATIVE STUDIES

C. Alves1,2, D. Mendes1, F. Batel Marques1,2

1AIBILI - Association for Innovation and Biomedical Research
on Light and Image, Centre for Health Technology Assessment
and Drug Research, Coimbra, Portugal
2School of Pharmacy- University of Coimbra, Laboratory of
Social Pharmacy and Public Health, Coimbra, Portugal

Introduction: Dipeptidyl peptidase IV inhibitors (DPP4i) and
sulphonylureas are commonly prescribed antidiabetic treat-
ments, particularly after the failure of metformin monotherapy.
Although DPP4i have demonstrated non-inferiority versus to
placebo in clinical trials, their relative effectiveness in reducing
cardiovascular events compared to sulphonylureas was evaluated
in observational studies.

Aims: To evaluate the risk of mortality (all-cause and car-
diovascular) and major cardiovascular adverse events (MACE)
in patients treated with DPP4i versus sulphonylureas.
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Material and methods: A literature search was conducted in
PUBMED, EMBASE and Cochrane Library aiming to identify
observational, comparative studies. The outcomes evaluated
were all-cause mortality, cardiovascular mortality and MACE.
Odds ratios (ORs) and its 95% confidence intervals were cal-
culated using a Mantel-Haenszel random-effects model. A sen-
sitivity analysis was conducted restricting the results to studies
using metformin as baseline antidiabetic therapy.

Results: Thirteen observational studies were included in this
meta-analysis. Compared with sulphonylureas, DPP4i reduced
the risk of all-cause mortality [OR 0.72 (95% CI 0.64 - 0.81);
p < 0.001; I2 = 72.9%], cardiovascular mortality [OR 0.36 (95%
CI 0.18 - 0.70); p = 0.003; I2 = 69.3%] and MACE [OR 0.81 (95%
CI 0.66 - 0.98); p = 0.032; I2 = 83.7%]. The results did not sig-
nificantly change when the analyses was restricted to studies
where the baseline therapy was metformin.

Conclusions: According to the available post-marketing ob-
servational data, DPP4i reduce the risk of overall mortality and
MACE compared to sulphonylureas.
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SAFETY PROFILES OF ANTIDIABETIC DRUGS (AD):
A DISPROPORTIONALITY ANALYSIS IN THE
PORTUGUESE PHARMACOVIGILANCE SYSTEM
(PPS) DATABASE

D. Mendes1, C. Alves1,2, F. Batel Marques1,2

1AIBILI - Association for Innovation and Biomedical Research
on Light and Image, Centre for Health Technology Assessment
and Drug Research, Coimbra, Portugal
2School of Pharmacy- University of Coimbra, Laboratory of
Social Pharmacy and Public Health- School of Pharmacy,
Coimbra, Portugal

Introduction: Safety profile of AD is recognized as a com-
ponent of the treatment of diabetic patients. Databases of spon-
taneously reported adverse drug reactions (ADR) offer the
possibility of exploring data aiming at safety signals generation.

Aims: To investigate possible associations between Ads and
the occurrence of given ADR through disproportionality analysis
in the PPS.

Material and Methods: ADR’s received from 1st January
2008 to 31st December 2017 were collected. Insulin ADRs were
excluded. ADR’s were coded according to MedDRA PT (Pre-
ferred Term) and drugs according to the ATC classification (4th

level). Associations between drugs and ADRs were assessed
through case/non case methodology. Disproportionality was
measured using reporting odds ratio (ROR) and 95% CI.

Results: 33.125 ADR reports were identified. Of these, 413
were due to AD. 262 (63.4%) reactions were serious. Statistically
significant associations were found: a) alpha-glucosidase inhib-
itors/ abdominal pain (ROR 9.67, 95%CI 2.48–37.66); b) DPP4
inhibitors/acute pancreatitis(ROR 21.99, 95%CI 2.55–189.93);
c) GLP1 agonists and vomiting (ROR 3.40, 95%CI 1.38–8.37);
d) metformin/lactic acidosis (ROR 76.87, 95%CI 4.66–1269.03);
d) SGLT2 inhibitors/candida infection (ROR 51.53, 95%CI
2.79–950.10), diabetic ketoacidosis (ROR 84.80, 95%CI 4.83–
1487.81), pollakiuria (ROR 15.16, 95%CI 1.56-147.13) and
urinary tract infection (ROR 15.16, 95%CI 1.56-147.13);

e) sulfonylureas/hypoglycaemia (ROR 44.79, 95%CI 14.35–
139.80).

Conclusions: The number of ADR reports to AD was found to
be low (1.25% of the database), a limitation of this study.
SGLT2i pre-marketing safety concerns were confirmed, as well
as metformin and sulfonylureas known risks. The association
between DPP4i and pancreatitis deserves further research.
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EMPOWERMENT LADDER: THE PATH
EXPERIENCED BY ACTIVATED LEADERS WITH
DIABETES AND OTHER NONCOMMUNICABLE
DISEASES (NCDS)

M. Barone1, L. Galastri2, R. Pineda-Wieselberg2, L. Xavier-
Oliveira2, B. Talita2, A.K. Wales3, A. Guibat-Demont4

1ADJ Diabetes Brasil / Public Health Institute / Medtronic
Foundation, Global Health Leaders, Sao Paulo, Brazil
2ADJ Diabetes Brasil, Young Leaders in Diabetes Training,
Sao Paulo, Brazil
3Medtronic Foundation, Global Health, Minneapolis, USA
4Medtronic Foundation, Civic Engagement,
Tolochenaz, Switzerland

Introduction: Structured leadership training has potential to
bring individuals with chronic conditions to a higher conscience
and desire to promote social change.

Objective: Identify the steps that these individuals climb from
an initial acceptance stage to a social active role, when offered an
opportunity.

Method: Young Leaders in Diabetes Training (YLDT), a
program that has been offered annually for 10 years has contents
including: diabetes management, health education, fundraising,
communication, interpersonal relationship, leadership skills,
self-confidence, resilience, advocacy, storytelling, among others.
Programs/movements that shared lessons with YLDT: IDF’s
Young Leaders in Diabetes Programme and Blue Circle Voices;
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NCDAlliance’s Our Views Our Voices; and Medtronic Foun-
dation’s Bakken Invitation.

Results: a) stage 1: The ladder starts with focus on the self,
including self-acceptance followed by self-leadership steps,
where a self-pity turns into a positive mindset; b) stage 2: Focus
on the community, individuals intentionally share own experi-
ence, followed by a more strategic leadership, influencing or
tutoring others to become leaders; c) stage 3: Focus on the so-
ciety, individuals translate their passion into initiatives to play a
broader social role, aiming to improve access and life quality to
others living with the same condition. 47 (50% of who started
YLDT) progressed from Stage 1 to 2, whereas the others left to
optimize their own treatment. 19% of the remaining 47 pro-
gressed to Step 3 (9 individuals), developing broader awareness,
advocacy or education initiatives.

Conclusion: Although not everybody climbs fully this multi-
step ladder, structured training programs favor individuals’
growth from self-pity to active leadership.
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THE PREVALENCE OF DIABETES MELLITUS TYPE
2 AND METABOLIC DISORDER IN PSORIATIC
ARTHRITIS PATIENTS: DATA OF THE RUSSIAN
PSORIATIC ARTHRITIS REGISTRY (RU-PSART)

I. Korsakova1, T. Korotaeva1, E. Loginova1, A. Koltakova1,
E. Gubar1

1Scientific Research Institute of Rheumatology n.a. V.A.
Nasonova, Laboratory of treatment and diagnosis of psoriatic
arthritis, Moscow, Russia

Objectives: to assess Psoriatic arthritis (PsA) patents’ (pts)
prevalence of metabolic disorders

Methods: 294 (M/F133/161) pts with PsA, diagnosed ac-
cording to CASPAR criteria, age 41.2 – 1.9 (Min 21 Max 72) yrs,
PsA duration 6.1 – 5.3 (0; 31) yrs. According to Disease Activity
index for Psoriatic Arthritis (DAPSA), remission (REM) £4, low
(LDA) £14, moderate (MDA) £28 and high disease activity
(HDA) >28.

Results: 71 patents had Psoriasis Area Severity Index (PASI)
3.1 – 7.0 (0; 60), most of pts had mild Ps.

291 pts underwent Body Mass Index (BMI) assessment.
37% were overweight, 19% had 1st degree obesity, 8% had 2nd

degree obesity, 3% pts had 3rd degree obesity, 31% pts had
normal BMI, 2% had body weight deficit. Type 2 diabetes
mellitus had 15.7%, metabolic syndrome 14.8%, hyperlipid-
emia 12.0%. 7% with diabetes had PASI <10, 2.8% had PASI
>10. 5.6% pts with metabolic syndrome had PASI <10, 1,4%
had PASI >10. 11 pts with hyperlipidemia had PASI <10. 19
pts with normal BMI had HDA and 11 - MDA. After 6 months
of treatment 4 pts had REM. Among pts with 1st and 2nd

obesity degree, 18 pts had HDA, 12 - MDA. After 6 months of
treatment, no one achieved REM. Pts without obesity had
DAPSA change median 13.1 (0; 46.5), pts with 1st and 2nd

degree – 19.9 (4.2; 95.8) (p < 0.05).
Conclusions: Most of pts with PsA had mild Ps and higher

BMI than normal. The presence of metabolic disorders did not
correlated with the severity of Ps. The treatment on pts without
obesity showed to be more effective.
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ATTD19-0386

USE OF HBA1C POINT-OF-CARE DEVICE AT BASIC
HEALTH UNITS IN BRAZIL, AS PART OF
HEALTHRISE BRAZIL

C. Nicolaevna Kochergin1, D. Soares1, D. Medeiros2,
J. Louzado Andrade1, K. Silva2, M. Oliveira2, M. Barone3,
M. Cortes4, S. Mistro2, V. Bezerra4, W. Amorim Wildes5

1Multidisciplinary institute in Health - Federal University of
Bahia, Nursing, Vitoria da Conquista, Brazil
2Multidisciplinary institute in Health - Federal University of
Bahia, Pharmacy, Vitoria da Conquista, Brazil
3Medtronic Foundation, Public Health Institute, Sao Paulo, Brazil
4Multidisciplinary institute in Health - Federal University of
Bahia, Nutrition, Vitoria da Conquista, Brazil
5State University of the Southwest of Bahia, Medicine, Vitoria
da Conquista, Brazil

Background: In the Brazilian public primary healthcare, it
may take months for people with diabetes mellitus (DM) to have
access to glycated hemoglobin (HbA1c) tests, and even longer to
receive and bring to the physician their results, because blood
sampling and tests are not always available near where they live.

Methods: We conducted a demonstrative study from June to
October of 2018, in Vitória da Conquista, northeast Brazil.
People with DM had their HbA1c tested using a POC device in
BHU near their homes. Cases of high HbA1cs were immediately
seen by a physician or a nurse in order to assess the need for
treatment adjustments and education for healthy habits. Finally, a
second test was scheduled for after 90 days.

Results: We tested HbA1c in 166 patients with DM using
POC. The mean age was 62.7 years (95%IC: 60.7 – 64.6) and 95
(59%) were female. Until now, 47 (28%) have tested HbA1c at
least twice. In these, 37 (79%) had inadequate glycemic control
in the first measurement (HbA1c > 7.0%). However, in the sec-
ond measurement 33 (89%) presented a decrease in values, with
Hb1Ac being less than 7.0% in 03 (9%).

Conclusion: HbA1c POC testing has shown to be promising
in to qualify the care of individuals with DM and we keep
studying its cost-effectiveness in Brazilian primary care.

This research is part of HealthRise, in partnership with the
Medtronic Foundation, Abt Associates and the Institute for Health
Metrics and Evaluation. This project was funded by Medtronic
Foundation.

351

Other

ATTD19-0420

LIFESTYLE CHANGES AND GLYCEMIC CONTROL
IN TYPE 1 DIABETES MELLITUS: A FACTORIAL
DESIGN APPROACH

A.R. Siddiqui1, S. Azam Iqbal1, K. Humayun Nuzhat2,
A. Ahmed3, S. Sawani1, A. Khan Habib4, R. Iqbal1

1Aga Khan University, Community Health Sciences,
Karachi, Pakistan
2Aga Khan University, Pediatrics and Child Health,
Karachi, Pakistan
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3Aga Khan University, Medicine, Karachi, Pakistan
4Aga Khan University, Pathology & Laboratory Medicine,
Karachi, Pakistan

Type 1 diabetes (T1D) is a challenge, for patients and care-
givers, as hypoglycemia and ketoacidosis are acute complica-
tions. Incidence of T1D has been increasing globally over the
past three decades. Reports from Pakistan draw attention to non-
adherence of T1D patients to dietary advice (58.5%), physical
activity (42.3%) and insulin regimen (88.1%). Use of mobile
applications help to increase medication adherence and self-
monitoring of blood glucose (SMBG). A wearable wrist e-device
(Fitbit App) tracks step count by recording data in mobile ap-
plication. HbA1c levels acts as an indicator for the glycemic
control and correlates with complications. A factorial design
approach will be taken to study the lifestyle change for self-
management of T1D. A randomized controlled trial will enroll
T1D patients of >14 years in four groups. All groups will keep a
log book per advice from routine care given by endocrinologists,
nurses, and nutritionists. First group will follow routine care, to
be compared to second group with step count e-device, third
group with e-messages as reminders for maintaining log-
book, and fourth group for step count by e-device plus daily
e-messages. Log book data will be obtained at a monthly interval
and HbA1c as a main outcome will be measured three times, at
baseline, three and six months to study the time trends. Expected
results will increase adherence to SMBG, insulin therapy, and
blood glucose levels; optimizing HbA1C levels, and reduction in
acute complications in low income settings. (Figure shows the
factorial design approach).
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ATTD19-0423

IMPACT OF ERRORS IN CARBOHYDRATE
ESTIMATIONS ON BLOOD GLUCOSE CONTROL
IN TYPE 1 DIABETES

Q. Sun1, M.V. Jankovic1,2, S. Mougiakakou1,3

1University of Bern, ARTORG Center for Biomedical
Engineering Research, Bern, Switzerland
2Bern University Hospital ‘‘Inselspital’’, Department of the
Emergency Medicine, Bern, Switzerland
3Bern University Hospital ‘‘Inselspital’’, Department of
Endocrinology- Diabetes and Clinical Nutrition,
Bern, Switzerland

Background and Aims: Many diabetic patients need external
insulin to maintain blood glucose levels. Different algorithmic
approaches aim to define optimum insulin delivery and are in-
corporated into bolus advisors, basal-bolus advisors and the ar-
tificial pancreas. Independently of the algorithm used, the bolus
dose is calculated from the carbohydrate (CHO) content of the
meal, as entered manually by the patient (meal announcement,
MA). This study investigates the procedure for MA, and related
errors (meal uncertainty, MU) in estimating the insulin dose and
in glucose control.

Method: Three algorithms were analysed for insulin adjustment
under various MU conditions. A bolus advisor, a proportional-
integral-derivative (PID) controller, and a reinforcement learning
(RL)-based algorithm were considered. Four MU conditions were
investigated: accurate CHO announcement (MU0), accurate CHO

announcement –15% (MU15), –25% (MU25) and –50%
(MU50). The amount of CHO was announced in two ways: i) as a
numerical value, ii) as categorical values of three different levels
(SML: small, medium, and large). The experiments were con-
ducted using the educational version of the UVa/Padova simulator
on 11 virtual adult subjects.

Results: The results (Table 1) indicate that, at low errors of
CHO estimation, the mode of announcement of the CHO level
has low impact on the quality of the algorithm. As the error
increases, more intelligent algorithms must be employed.

Conclusion: The finding suggests that patients can give cat-
egorical CHO estimations to the algorithm, if they are capable of
keeping the overall error of CHO estimation low. This approach
requires less effort from the patient and may therefore improve
quality of life.
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ATTD19-0432

DISTURBANCES IN INTRAVENTRICULAR
CONDUCTION IN TEENAGERS WITH TYPE 1
DIABETES - A PILOT STUDY

A. Zubkiewicz-Kucharska1, A. Noczyńska1, M. Sobieszczańska2,
M. Poręba3, J. Chrzanowska1, R. Poręba4, M. Seifert1,
A. Janocha5, K. Laszki-Szcząchor3

1Wroc1aw Medical University, Department of Endocrinology
and Diabetology for Children and Adolescents,
Wroc1aw, Poland
2Wroc1aw Medical University, Department of Geriatrics,
Wroc1aw, Poland
3Wroc1aw Medical University, Department of Pathophysiology,
Wroc1aw, Poland
4Wroc1aw Medical University, Department of Internal and
Occupational Diseases and Hypertension, Wroc1aw, Poland
5Wroc1aw Medical University, Department of Physiology,
Wroc1aw, Poland

Cardiac autonomic neuropathy may occur in adolescent pa-
tients with type 1 diabetes (T1D). Body Surface Potential Mapping
(BSPM) is a multi-electrode synchronous method for examining
electrocardiographic records on the patient’s body surface that al-
lows the assessment of changes in the heart conduction system.

The aim of the study was to visualize and evaluate changes in
the intraventricular area in adolescents with T1D.

Patients and methods: Inclusion criteria: age >12 years, T1D
duration >3 years, HbA1c >8%. Exclusion criteria: diagnosis of
autonomic neuropathy, heart defect. The 87-electrode Fukuda
Denshi HPM 7100 system was used to generate BSPM images.
Data were processed into map plotting to illustrate differences in
ventricular activation time (VAT, isochron line).

Results: 33 teenagers (20 boys) at the age of 15.0 – 2.1 years,
with DM1 lasting an average of 6.8 – 4.1 years were included.
Mean HbA1c was 9.6 – 2.0%. Hypoglycaemia did not occurred
in any child during the test. ECG abnormalities were not present.
The distribution of isolines on the mean map plotted for T1D
patients only initially resembles the course of isolines on the map
of healthy subjects (N = 30). After proper start of stimulation, the
isolines in the area of ventricles reach higher time values, which
indicates problems in the propagation of the activation.

Conclusions:
1. The times of significant ventricular stimulation in T1D in-

dicate a delayed and inconsistent propagation of activation in the
heart conduction system over the left and right ventricle.

2. The observed changes occured mostly outside the area of
classic ECG registration.
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ATTD19-0472

USE OF TECHNOLOGICAL INTERVENTIONS IN
PATIENTS WITH TYPE 2 DIABETES BY PRIMARY
CARE PHYSICIANS AND ENDOCRINOLOGISTS IN
THE UNITED STATES

G. Grunberger1, D. Sze2, A. Ermakova3, R. Sieradzan4,
E. Miller5

1Grunberger Diabetes Institute, Endocrinology, Bloomfield
Hills, USA
2Becton Dickinson and Company, Medical Affairs, San
Diego, USA
3Becton Dickinson and Company, Health Economics and
Outcomes Research, Franklin Lakes New Jersey, USA
4Becton Dickinson and Company, Medical Affairs, Franklin
Lakes, USA
5Diabetes Nation, Diabetes Care, Bend, USA

Background and Aims: Determining when technological in-
terventions (eg, insulin delivery devices [IDDs], continuous glu-
cose monitoring (CGM) systems, smart phone applications) are
appropriate to optimize treatment in patients with type 2 diabetes
(T2D) can be challenging. This study assessed T2D diabetes
technology (DT) practice trends among primary care physicians
(PCPs) and endocrinologists (ENDOs) in the United States.

Method: An online survey to assess the perspectives and use of
DT (eg, IDD) was conducted in a sample of PCPs and ENDOs
nationwide. To participate in this survey, at a minimum, PCPs treated
‡20 T2D patients/month, ‡25% receiving insulin; ENDOs treated
‡80 T2D patients/month, ‡50% receiving insulin. Respondent de-
mographic results were analyzed by descriptive statistics.

Results: Participants included 102 PCPs and 100 ENDOs. Fifty
percent of ENDOs and 48% of PCPs report prescribing a traditional
or wearable tube-free patch insulin pump when patients failed to
achieve HbA1c targets with basal therapy plus ‡3 prandial injec-
tions of insulin/day. Participants ranked requiring fewer injections,
glucose data versus insulin dosing graphical representation, and
objectively capturing insulin dosing data as the most useful tech-
nologies of IDDs. Most important perceived features of an IDD
were ease of use, flexible dosing, and large insulin reservoirs. Pa-
tients’ blood glucose control motivation, health literacy and/or
cognitive ability, and previous good adherence were considered the
strongest predictors for success with DT.

Conclusions: PCPs and ENDOs who are highly focused on
diabetes management report using IDDs when patients taking a
basal injection plus ‡3 prandial injections of insulin are not
achieving their HbA1c target.
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ATTD19-0475

TRANSCUTANEOUSLY REFILLABLE, 3D-PRINTED
BIOPOLYMERIC ENCAPSULATION SYSTEM FOR
THE TRANSPLANTATION OF ENDOCRINE CELLS

M. Farina1, J. Paez Mayorga1, M.L. Lotito1, C. Chua1,
D. Fraga2, J. Nichols3, X.C. Li2, A.O. Gaber2, A. Grattoni1

1Houston Methodist Research Institute, Nanomedicine,
Houston, USA
2Houston Methodist Hospital, Surgery, Houston, USA
3University of Texas Medical Branch, Internal Medicine,
Galveston, USA

The success of b cell transplantation hinges on the achieve-
ment of a suitable implantation site for long-term cells survival
and function. While autologous cell transplantation abrogates the
issue of transplant rejection, poor graft vascularization, and lack
of cell retention and mechanical support have limited the ef-
fectiveness of encapsulation approaches. Transplanted cells
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require a vascularized environment providing adequate oxygen
level and nutrients.

To address this need, we developed a three-dimensional prin-
ted polylactic acid (PLA) cell encapsulation termed neovascu-
larized implantable cell homing encapsulation (NICHE). The
NICHE houses cells distributed in microwells and connected to
the surrounding tissues by 100 lm square microchannels. The
NICHE is designed for subcutaneous implantation and pre-
vascularization prior to transcutaneous cell loading. For this, the
NICHE is coated and filled with a platelet-rich plasma (PRP)
hydrogel capable of releasing growth factors to enhance vascu-
larization. NICHE subcutaneous vascularization was assessed in
mice, rats, pigs and rhesus macaques. In a following study using
immunocompromised mice, 4-weeks prevascularized NICHEs
were transcutaneously loaded with 2,000 IEQ human islets. In-
sulin release was detected for 12 weeks. Additional islets (2,000
IEQ) were then loaded producing an increase in insulin levels
(*10 lIU/ml) for additional 10 weeks, demonstrating viability of
the transplant. The NICHE was later adopted to transplant Leydig
cells in castrated Rag-/- mice. Cells maintained viability and
testosterone secretion achieving plasma concentration between
1.5ng/ml to 2.2ng/ml for the time of analysis (7 weeks). We are
currently developing the NICHE2 for allo- or xenografts, which
allows for local, constant, and sustained immunosuppression.
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ATTD19-0481

HYPOGLYCEMIA AND DIABETIC KETOACIDOSIS
STRATIFIED BY AGE AND GLYCEMIC CONTROL:
A REAL-WORLD STUDY OF OVER 30,000 ADULT
PATIENTS WITH TYPE 1 DIABETES IN US

F.L. Zhou1, L. Shepherd2, P. Hunt3, R. Preblick4, S. Paranjape5,
J. Pettus6

1Sanofi US- Inc., Real World Investigation, Bridgewater, USA
2Evidera, Epidemiology, London, United Kingdom
3Evidera, Epidemiology, Bethesda, USA
4Sanofi US- Inc., Health Economics and Value Assessment,
Bridgewater, USA
5Sanofi US- Inc., Medical Affairs, Bridgewater, USA
6University of California, Division of Endocrinology and
Metabolism, San Diego, USA

Background and Aims: The burden of disease among adult
patients with type 1 diabetes (T1D) is infrequently assessed. We
evaluated acute and microvascular complications among adult
T1D patients stratified by age and glycemic control in a US
Electronic Health Record database.

Method: Retrospective observational study of patients clas-
sified as having T1D (identification period: 7/1/2014–6/30/2016,
first diagnosis as index date) using a validated algorithm, with
‡24 months of disease duration, ‡18 years old, not pregnant
during baseline (12 months prior to index date); with ‡1 insulin
prescription and ‡1 A1C measure in baseline. Baseline demo-
graphic characteristics, acute complications (severe hypoglyce-
mia [SH], diabetic ketoacidosis [DKA]), and microvascular
complications (neuropathy, nephropathy and retinopathy) were
stratified by age-group (18-25, 26-49, 50-64, 65+) and glycemic
control (A1C <7%, 7-<9% and ‡9%).

Results: 31,430 adult T1D patients were included. Older pa-
tients had lower A1C compared with younger patients (p < 0.001).

Patients with poor (‡9%) glycemic control had the highest preva-
lence of SH (4.2%, 4.0%, 8.3%) and DKA (1.3%, 2.8%, 15.8%) in
the <7%, 7-<9% and ‡9% strata, respectively; p < 0.001. Stratified
prevalence suggested interaction between age and glycemic con-
trol: Younger patients with poor glycemic control had higher rel-
ative rates of SH and DKA than comparable older patients,
p < 0.001 (Figure). Patients with poor glycemic control also had
higher prevalence of neuropathy and nephropathy (p < 0.001).

Conclusion: This real-world study in over 30,000 adult T1D
patients showed that individuals with A1C‡9% had a two-fold
and a twelve-fold increased prevalence in SH and DKA re-
spectively compared to A1C<7%; higher relative rates were
observed in younger patients.
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ATTD19-0483

A DEEP NEURAL NETWORK FOR PREDICTING
BLOOD GLUCOSE

Q. Sun1, M.V. Jankovic1,2, L. Bally3,4, S. Mougiakakou1,3

1University of Bern, ARTORG Center for Biomedical
Engineering Research, Bern, Switzerland
2Bern University Hospital ‘‘Inselspital’’, Department of the
Emergency Medicine, Bern, Switzerland
3Bern University Hospital ‘‘Inselspital’’, Department of
Endocrinology- Diabetes and Clinical Nutrition,
Bern, Switzerland
4Bern University Hospital ‘‘Inselspital’’, Department of
General Internal Medicine, Bern, Switzerland

Background and Aims: Timely recognition of upcoming
hypo- and hyperglycemic events is crucial for the safety of in-
dividuals with T1D. To this end, we introduce a deep neural
network based on long-short term memory (LSTM) to allow the
accurate prediction of subcutaneous glucose concentrations, by
minimizing the time lag and root mean square error (RMSE)
between predicted and actual concentrations.

Method: A sequential model with one LSTM layer, one bi-
directional LSTM layer and several fully connected layers was
used to predict blood glucose levels for different prediction ho-
rizons (PHs). Two rounds of pre-training - with both in silico data
and real patient data - were introduced to generate a ‘‘global
model’’. The model was then further trained and tested on 26
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retrospectively analysed datasets from 20 real patients. Cross
validation was used to prevent over-fitting during the pre-
training and training phases. Only continuous glucose monitor-
ing (CGM) measurements were used as input.

Results: As shown in Table 1, the LSTM method outperforms
the classical methods - in all the PHs and with respect to all the
evaluation criteria. In comparison with ARIMA and SVR, the
LSTM method can simultaneously decrease RMSE and Time
Lag, while correlation coefficient (CC) and fit are both increased.

Conclusion: Deep learning approaches have been used to
predict blood glucose concentrations on the basis of the available

glucose data. The results are promising with respect to evaluation
criteria. We are investigating the inclusion of additional infor-
mation related to therapy, lifestyle and patient characteristics.
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ATTD19-0486

OBESE PATIENTS WITH TYPE 2 DIABETES:
OUTCOMES AFTER LAPAROSCOPIC SLEEVE
GASTRECTOMY

G. Rubin1, F. Signorini2, C. Biasoni1, G. Viscido2,
V. Gorodner2, L. Navarro2, L. Obeide2, F. Moser2

1Hospital Privado Universitario de Cordoba, Diabetologia and
Nutrition, Cordoba, Argentina
2Hospital Privado Universitario de Cordoba, General Surgery,
Cordoba, Argentina

Objective: to evaluate metabolic results in short, medium and
long term of obese patients with T2DM after laparoscopic sleeve
gastrectomy (LSG).

Design: Observational and retrospective analysis.
Patients and Methods: obese patients with T2DM operated

by LSG in our hospital, between 01/2009 and 07/2016 were
included. We analyzed demographic data, average time of di-
agnosis of T2DM, pre and post-surgical pharmacological treat-
ment, BMI and evolution (complete or partial remission,
improvement, without changes and recurrence of DMT2) at 1, 3
and 5 years post LSG (Criteria ASMBS 2012). Statistical anal-
ysis was performed with SPSS 19.0.

Results: 166 patients were evaluated. 60.8% (n = 101) wo-
men, average age 49.1 – 12.8 years. Initial average BMI was
46.4 – 7.7 kg / m2 (range 33–69). Average time of diabetes was
5.9 years (1–28). Average preoperative HbA1c was 7.5 – 0.9%.
In the preoperative, 75% (n = 125) were treated with oral agents
(OA) and 13.2% (n = 22) with insulin. Average follow-up was
65 – 10 months. Complete remission was observed in 78.3%,
76.2% and 71.4% at 1, 3 and 5 years respectively; 7.2% partial
remission, 10% improved and 11.4% recurrence of T2DM at 5
years. Patients previously treated with insulin and / or with more
than 5 years of diagnosis had lower frequency of complete re-
mission at 5 years (p = 0.0004 and p = 0.0001 respectively).

Conclusion: this work reveals the significant role of LSG in
the treatment of T2DM in obese patients, since more than 70%
support complete remission in the long term.
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Artificial Pancreas

ATTD19-0281

A PROTOTYPE OF ARTIFICIAL PANCREAS
FOR GLUCOSE HOMEOSTASIS

D. Boiroux1, Z. Mahmoudi1, J.B. Jørgensen1

1Technical University of Denmark, Department of Applied
Mathematics and Computer Science, Kgs. Lyngby, Denmark
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Artificial Pancreas

ATTD19-0434

ROLE OF INSULIN EXCIPIENTS IN CONTINUOUS
SUBCUTANEOUS INSULIN INFUSION (CSII)
PERFORMANCE

U. Klueh1, A. Mulka1, D. Kreutzer2

1Wayne State University, Biomedical Engineering, Detroit, USA
2University of Connecticut School of Medicine, Surgery,
Farmington, USA
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Blood Glucose Monitoring and Glycemic Control
in the Hospitals

ATTD19-0015

OPTIMAL GLYCAEMIC CONTROL DURING
CAESAREAN SECTION PROVIDED BY SENSOR-
AUMENGED PUMP THERAPY WITH PREDICTIVE
LOW-GLUCOSE SUSPEND FUNCTION

P. Beato-Vı́bora1, F.J. Arroyo-dı́ez2

1Badajoz University Hospital, Endocrinology, Badajoz, Spain
2Badajoz University Hospital, Department of Paediatrics,
Badajoz, Spain
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Blood Glucose Monitoring and Glycemic Control
in the Hospitals

ATTD19-0461

THE BETA-CELL FUNCTION AND GLUCOSE
PROFILE OF NEWLY DIAGNOSED ACROMEGALIC
PATIENTS WITH NORMAL GLUCOSE TOLERANCE
USING CONTINUOUS GLUCOSE MONITOR SYSTEM

Z. Xiaolong1, S. quanya1, C. Lili1, C. peili1

1Huashan hospital affiliated to Fudan University,
endocrinology, shanghai, China
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Clinical Decision Support Systems - Advisors

ATTD19-0040

PNEUMOCOCCAL VACCINATION
RECOMMENDATION PRACTICES AWARENESS

H. Lantigua1, S. Lugo1, M. Yafi1

1University of Texas at Houston Health Science Center,
Pediatric endocrinology, Houston, USA
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Clinical Decision Support Systems - Advisors

ATTD19-0043

ANTIHYPERGLYCEMIC AND ANTIOXIDANT
EFFECTS OF CITRULLUS LANATUS (WATERMELON)
SEEDS AND MORINGA OLEIFERA LEAVES IN
ALLOXAN-INDUCED DIABETIC WISTAR RATS

I. Olewuike1

1Imo State University- Owerri- Nigeria, Medical Laboratory
Science, Owerri, Nigeria

365

Clinical Decision Support Systems - Advisors

ATTD19-0452

A SCHEME TO RECYCLE THE USED INSULIN
PUMPS TO NEEDY WILLING TYPE 2 AND TYPE 1
DM PATIENTS IN INDIA AND DEVELOPING
COUNTRIES A THOUGTH

S. Gandhi1

1Director, Gandhi Clinic, Pune, India
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Closed-loop System and Algorithm

ATTD19-0087

BOLUS WIZARD SETTING SHOULD BE MORE
AGGRESSIVE WHEN SWITCHING TO HYBRID
CLOSED LOOP IN TYPE 1 DIABETES PATIENTS

G. Petrovski1, K. Hussain1, F. Al Khalaf1, C. Judith1

1Sidra Medicine, Pediatric Endocrine, Doha, Qatar
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Closed-loop System and Algorithm

ATTD19-0318

IN-SILICO EVALUATION OF TRUST REGION POLICY
OPTIMIZATION FOR T1DM CLOSED-LOOP
CONTROL

J. Nordhaug Myhre1, I. Launonen1, M. Tejedor2,
F. Godtliebsen1

1Uit The Arctic University of Norway, Department of
Mathematics and Statistics, Tromsø, Norway
2Uit The Arctic University of Norway, Department of Computer
Science, Tromsø, Norway
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Closed-loop System and Algorithm

ATTD19-0419

NEW AUTONOMIC UNIVERSAL CLOSED GLYCEMIC
CONTROL SYSTEM

V. Rakhmankulov1, I. Misnikova2, I. Barsukov2, A. Dreval2

1Institute of Systems Analysis- Federal Research Centre
Informatics and Control- RAS-, Control Systems Dynamics
under Uncertainty, Moscow, Russia
2Moscow Regional Research Clinical Institute, Endocrinology,
Moscow, Russia
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Closed-loop System and Algorithm

ATTD19-0462

HYPOXIA-SENSITIVE SYNTHETIC NANOVESICLES
FOR CLOSED LOOP GLUCOSE RESPONSIVE
RELEASE OF INSULIN

B. Jana1, D. Wadhwani Ashish1, D. Shinde Ujwala2

1JSS College of Pharmacy- JSS Academy of Higher Education
and Research, Department of Pharmaceutical Biotechnology,
ootacamund- 643001- Tamil Nadu, India
2Bombay college of pharmacy, Department of pharmaceutics,
Mumbai- 400098 Maharashtra, India
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Glucose Sensors

ATTD19-0046

STUDY: USE OF FLASH GLUCOSE SCANNING IN
TYPE 1 DIABETES IN CHILDREN- A SERVICE
EVALUATION OF (LIBR(E): ASSESSMENT OF
TECHNOLOGY EFFECTIVENESS (LIBREATE- STUDY)

M. Saleem1

1Northumbria Healthcare NHS Trust, Paediatrics, Newcastle
upon Tyne, United Kingdom
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Glucose Sensors

ATTD19-0088

SAME HBA1C LEVEL AND DIFFERENT TIME IN
RANGE IN TYPE 1 DIABETES PATIENTS: WHY IT
MATTERS?

G. Petrovski1, A.K. Fawziya1, K. Hussain1, J. Campbell1,
H. Fisher1

1Sidra Medicine, Pediatric Endocrine, Doha, Qatar
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