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Novel subgroups of adult-onset diabetes and their association
with outcomes: a data-driven cluster analysis of six variables
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Summary

Background Diabetes is presently classified into two main forms, type 1 and type 2 diabetes, but type 2 diabetes in
particular is highly heterogeneous. A refined dlassification could provide a powerful tool to individualise treatment
regimens and identify individuals with increased risk of complications at diagnosis.

Methods We did data-driven cluster analysis (k-means and hierarchical clustering) in patients with newly diagnosed
diabetes (n=8980) from the Swedish All New Diabetics in Scania cohort. Clusters were based on six variables
(glutamate decarboxylase antibodies, age at diagnosis, BMI, HbA,, and homoeostatic model assessment 2 estimates
of B-cell function and insulin resistance), and were related to prospective data from patient records on development
of complications and prescription of medication. Replication was done in three independent cohorts: the Scania
Diabetes Registry (n=1466), All New Diabetics in Uppsala (n=844), and Diabetes Registry Vaasa (n=3485). Cox
regression and logistic regression were used to compare time to medication, time to reaching the treatment goal, and
risk of diabetic complications and genetic associations.

Findings We identified five replicable clusters of patients with diabetes, which had significantly different patient
characteristics and risk of diabetic complications. In particular, individuals in cluster 3 (most resistant to insulin) had
significantly higher risk of diabetic kidney disease than individuals in clusters 4 and 5, but had been prescribed
similar diabetes treatment. Cluster 2 (insulin deficient) had the highest risk of retinopathy. In support of the

clustering, genetic associations in the clusters differed from those seen in traditional type 2 diabetes.

Interpretation We stratified patients into five subgroups with differing disease progression and risk of diabetic
complications. This new substratification might eventually help to tailor and target early treatment to patients who
would benefit most, thereby representing a first step towards precision medicine in diabetes.

Funding Swedish Research Council, European Research Council, Vinnova, Academy of Finland, Nove Nordisk
Foundation, Scania University Hospital, Sigrid Juselius Foundation, Innovative Medicines Initiative 2 Joint
Undertaking, Vasa Hospital district, Jakobstadsnejden Heart Foundation, Folkhilsan Research Foundation, Ollqvist
Foundation, and Swedish Foundation for Strategic Research.

Introduction
Diabetes is the fastest increasing disease worldwide and a
substantial threat to human health.” Existing treatment
strategies have been unable to stop the progressive course
of the disease and prevent development of chronic diabetic
complications. One explanation for these shortcomings is
that diagnosis of diabetes is based on measurement of only
one metabolite, glucose, but the disease is heterogeneous
with regard to clinical presentation and progression.
Diabetes classification into type 1 and type 2 diabetes
relies primarily on the presence (type 1diabetes) or absence
(type 2 diabetes) of autoantibodies against pancreatic islet
f-cell antigens and age at diagnosis (younger for type 1
diabetes). With this approach, 75-85% of patients are
classified as having type 2 diabetes. A third subgroup,
latent autoimmune diabetes in adults (LADA; affecting
<10% of people with diabetes), defined by the presence
of glutamic acid decarboxylase antibodies (GADA), is
phenotypically indistinguishable from type 2 diabetes
at diagnosis, but becomes increasingly similar to

www.thelancet.com/diabetes-endocrinology Vol 6 May 2018

type 1 diabetes over time.” With the introduction of gene
sequencing in clinical diagnostics, several rare monogenic
forms of diabetes were described, including maturity-
onset diabetes of the young and necnatal diabetes.™

Existing treatment guidelines are limited by the fact
they respond to poor metabolic control when it has
developed, but do not have means to predict which
patients will need intensified treatment. Evidence
suggests that early treatment is crucial for prevention of
life-shortening complications because target tissues
seem to remember poor metabolic control decades later
(so-called metabolic memory).*

A refined classification could provide a powerful tool to
identify at diagnosis those at greatest risk of complications
and enable individualised treatment regimens in the
same way as genetic diagnosis of monogenic diabetes
guides clinicians to optimal treatment.” With this aim,
we present a novel diabetes classification based on
unsupervised, data-driven cluster analysis of six com-
monly measured variables and compare it metabolically,
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One-hour plasma glucose and metabolic markers

One hour post-OGTT glucose improves the early prediction of type 2
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Context

Early prediction of dysglycaenua 1s crucial to prevent progression to type 2 diabetes. The
one-hour post-load plasma glucose (1-h PG) has been reported a better predictor of
dysglycaemia than fasting plasma glucose (FPG), 2-h PG, or glycated haemoglobin (HbAlc).
Objective

To evaluate the predictive performance of clinical markers, metabolites, HbAle, and plasma
glucose (PG) and serum msulin (INS) levels during a 75-gram oral glucose tolerance test
(OGTT).

Design and Setting

We measured PG and INS levels at 0, 30, 60, and 120 minutes during an OGTT 1n 543
mdividuals in the Botnia Prospective Study, 146 of whom progressed to type 2 diabetes
within a 10-year follow-up period. Using combinations of variables, we evaluated 1527
predictive models for progression to type 2 diabetes.

Results

1

The 1-h PG outperformed every individual marker except 30-min PG or mannose, whose
predictive performances were lower but not significantly worse. HbAlc performed mferior to
1-h PG according to DeLong test p-value but not false discovery rate. Combining the
metabolic markers with PG measurements and HbA ¢ significantly improved the predictive
models, and mannose was found to be a robust metabolic marker.

Conclusions

The 1-h PG, alone or in combination with metabolic markers, 1s a robust predictor for
determining the future risk of type 2 diabetes outperforms the 2-h PG, and is cheaper to
measure than metabolites. Metabolites add to the predictive value of PG and HbAlc
measurements. Shortening the standard 75-gram OGTT to one hour improves its predictive
value as well as clinical usability.

We evaluated clinical risk factors, metabolites, HbA1c and plasma glucose levels during an OGTT.
The 1-hour glucose level either alone or together with metabolites robustly predicted type 2 diabetes.
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Abstract

Aimsdypothesis Detection and management of pesttional di-
abetes mellitus (GDM) are crucial to reduce the risk of
pregnmey-relatad complications for both mother and child.
In 20003, the WHO adopted new diaggnostic entena for GDM
to improve pregnancy outcomes. However, the evidence
supporting these criteria is limited. Consequentby, these new
criteria have not vet been endomed in the MNethedands. The
amm of this stdy was to determine the rmpact of these crieria
on the number of GDM diagnoses and pregnancy outcomes,

Methods Data were available from 10,642 women who
underwent a 75 g OGTT because of risk factors or signs sug-
pestive of GDM. Women were treated ifdiagmosed with GDM
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according to the WHO 1999 cneria. Data on pregrnancy out-
comes were obtained from extensi ve chant reviews from 4431
women and were compared betwesn women with nommal glu-
cosg tolermes (NGT) and women classified into the following
groups: (1) GDM acconding to WHO 1999 cntena (2) GDM
according to WHO 2013 criteria; (3) GDM according to
WHO 2013 fasting glucose threshold, but not WHO 19949
criteria; and (4) GDM according to WHO 1999 2 h plasma
glucose threshold (2ZHG), but not WHO 200 3 critena,

Results Applying the new WHO 2013 criteria would have
incremsed the number of diagnoses by 45% (32% vs 22%) in
this population of women at higher risk for GDM. In compar-
ison with women with NGT, women classified as having
GDM based only on the WHO 2013 threshold for Gsting
glucose, who were not treated for GDM, were more likely to
have been obese (46, 1% vs 28, 1%, p< 0001) and hyperten-
sive (3.3% vs 1.2%, p < 0,001 ) before pregnancy, and to have
had higher mtes of gestational hypertension (7.8% va 4.95%,
p=0003), planned Cassarean section (10.3% vs 6.5%, p=
0,001 ) and induction of labour (34.8% vs 28 0%, p= 0.001).
In addition, their neonates wers more likey to have had an
Apgar score <7 at 5 min (4.4% vs 26%, p=0.015) and to
have been admitted to the Neonatology Department (15.0% vs
1.1%, p=0.004). The number of large for gestational ape
(LGA) neonates was not significantly different betwesn the
two groups. Women potentialbe missed owing to the higher
ZHG threshold set by WHO 2003 had similar pregnaney out-
comes to women with NGT. These women were all treated for
GDM with diet and 20.5% recaved additional insulin.

Conclusions i nterpretation Applving the WHO 20013 critena
will have a major impact on the number of GDM diagnoses.
Using the fasting glucose threshold set by WHO 2003 iden-
tifies a group of women with an mereased risk of adverse
outcomes compared with women with NGT. We themefon:
support the use of a lower fsting glucose threshold in the

&) Springer

Dutch national puideling for GDM diagnosis. However,
adopting the WHO 2003 enterin with a higher 2HG threshold
would exclude women in whom treatment for GDM seems to
be effective.
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The impact of environmental temperature on
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Abstract

Objective: To investigate a probable impact of seasons on the diagnosis of GDM, as well as the specific effect of the

environmental temperature on the diagnosis of this clinical entity.

Patients and methods: Two observational studies, one retrospective and one prospective, were conducted in a referral

center. Study A included retrospectively 7618 pregnant women who underwent a 3-h 100g OGTT during the 3rd

trimester of gestation. Study B prospectively included 768 pregnant women tested in the 3rd trimester of gestation
with a 75g OGTT. Temperature was recorded every day at 09:00 h.

Results: Retrospective Study A: GDM prevalence differed significantly by season: winter=28.1%, summer=39.2%,
spring=32.4% and autumn=32.4% (P<0.0001). The odds ratio for being diagnosed with GDM was much higher
during summer 1.65 (95% Cl: 1.43-1.90), with spring and autumn following with 1.23 (95% ClI: 1.08-1.39) compared to
winter. Glucose levels during OGTT were measured: significantly increased blood glucose values were observed at 60,

120 and 180 min in summer, which remained significant after adjustment for age, gestational age, BMI, weight gain

during pregnancy and blood pressure. Prospective Study B: At temperatures above 25°C, the average glucose 60-min

and 120-min levels were increased. The relative risk for abnormal glucose values at 60 min, when the environmental

temperature increased over 25°C, was 2.2 (1.5-3.3).

Conclusions: GDM prevalence in Greece presents seasonal variation, with higher risk during summer due to post

glucose load level variations. These variations could be attributed to differences in environmental temperature.

European Journal of
Endocrinology
(2018) 178, 209-214

Introduction

Gestational diabetes mellitus (GDM) is the type of
diabetes diagnosed in the second or third trimester of
pregnancy that is not clearly overt diabetes (1). GDM
carries important risks for both the mother and the
neonate. The results of the hyperglycemia and adverse
pregnancy outcome (HAPO) study, including in total more
than 25 000 multinational pregnant women, indicated
strong and continuous associations of maternal glucose
levels with increased fetal hyperinsulinemia and birth

weight, both over the 90th percentile, as well as other
adverse maternal, fetal and neonatal outcomes, such as
pre-eclampsia, cesarean delivery, shoulder dystocia and
neconatal hypoglycemia, even within ranges below those
diagnostic of diabetes (2). These results revealed the
necessity for appropriate diagnosis of GDM and proper
management of these pregnant women (3).

Apart from careful consideration of the diagnostic
criteria used for GDM, other parameters have also been

www.eje-online.org
hitps:#doi.org/10.1530VEJE-17-0730
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Smoking Cessation, Weight Change, Type 2
Diabetes, and Mortality

Yang Hu, 5.M., Geng Zong, Ph.D., Gang Liu, Ph.D., Molin Wang, Ph.D.,
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ABSTRACT

BACKGROUMND
Whether weight gain after smoking cessation attenuates the health benefits of
quitting is unclear.

METHODS

In three cohort studies involving men and women in the United States, we identi-
fied those who had reported quitting smoking and we prospectively assessed
changes in smoking status and body weight. We estimated risks of type 2 diabetes,
death from cardiovascular disease, and death from any cause among those who had
reported quitting smoking, according to weight changes after smoking cessation.

RESULTS

The risk of type 2 diabetes was higher among recent quitters (2 to 6 years since
smoking cessation) than among current smokers (hazard ratio, 1.22; 95% con-
fidence interval [CI], 1.12 to 1.32). The risk peaked 5 to 7 years after quitting and
then gradually decreased. The temporary increase in the risk of type 2 diabetes
was directly proportional to weight gain, and the risk was not increased among
quitters without weight gain (P<0.001 for interaction). In contrast, quitters did not
have a temporary increase in mortality, regardless of weight change after quitting.
As compared with current smokers, the hazard ratios for death from cardiovascu-
lar disease were 0.69 (95% CI, 0.54 to 0.88) among recent quitters without weight
gain, 0.47 (95% CI, 0.35 to 0.63) among those with weight gain of 0.1 to 5.0 kg,
0.25 (95% CI, 0.15 to 0.42) among those with weight gain of 5.1 to 10.0 kg, 0.33
(95% CI, 0.18 to 0.60) among those with weight gain of more than 10.0 kg, and
0.50 (95% CI, 0.46 to 0.55) among longer-term quitters (>6 years since smoking
cessation). Similar associations were observed for death from any cause.

CONCLUSIONS

Smoking cessation that was accompanied by substantial weight gain was associ-
ated with an increased short-term risk of type 2 diabetes but did not mitigate the
benefits of quitting smoking on reducing cardiovascular and all-cause mortality.
(Funded by the National Institutes of Health.)
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Impaired Sensitivity to Thyroid
Hormones Is Associated With
Diabetes and Metabolic Syndrome

https://doi.org/10.2337/dc18-1410

OBJECTIVE

Diabetes prevalence and incidence increase among individuals with hypothyroidism
but also among those with hyperthyroxinemia, which seems contradictory. Both
high free thyroxine (fT4) and high thyroid-stimulating hormone (TSH) are presentin
the resistance to thyroid hormone syndrome. A mild acquired resistance to thyroid
hormone might occur in the general population and be associated with diabetes.
We aimed to analyze the association of resistance to thyroid hormone indices
(the Thyroid Feedback Quantile-based Index [TFQI], proposed in this work, and
the previously used Thyrotroph T4 Resistance Index and TSH Index) with diabetes.

RESEARCH DESIGN AND METHODS

We calculated the aforementioned resistance to thyroid hormone indices based on
a U.S. representative sample of 5,129 individuals 220 years of age participating in
the 2007-2008 National Health and Nutrition Examination Survey (NHANES). Also,
to approximate TFQI, a U.5.-referenced Parametric TFQI (PTFQI) can be calculated
with the spreadsheet formula =NORM.DIST(fT4_cell_in_pmol_per_L,10.075,
2.155, TRUE)+NORM.DIST(LN{TSH_cell_in_mIU_per_L),0.4654,0.7744,TRUE) —1.
Outcomes of interest were glycohemoglobin 26.5%, diabetes medication,
diabetes-related deaths (diabetes as contributing cause of death), and addi-
tionally, in a fasting subsample, diabetes and metabolic syndrome. Logistic
and Poisson regressions were adjusted for sex, age, and race/ethnicity.

RESULTS

Odd ratios for the fourthversus thefirst quartile of TFQl were 1.73(95%CI11.32,2.27)
(Pyeng = 0.002) for positive glycohemoglobin and 1.66 (95% Cl 1.31, 2.10) (Pireng =
0.001) for medication. Diabetes-related death rate ratio for TFQl being above versus
below the median was4.81(95% Cl 1.01, 22.94) (Preng = 0.015). Further adjustment
for BMI and restriction to normothyroid individuals yielded similar results. Per 1 SD
in TFQI, odds increased 1.13 (95% Cl 1.02, 1.25) for diabetes and 1.16 (95% Cl 1.02,
1.31) for metabolic syndrome. The other resistance to thyroid hormone indices
showed similar associations for diabetes-related deaths and metabolic syndrome.

CONCLUSIONS

Higher values in resistance to thyroid hormone indices are associated with obesity,
metabolic syndrome, diabetes, and diabetes-related mortality. Resistance to
thyroid hormone may reflect energy balance problems driving type 2 diabetes.
These indices may facilitate monitoring treatments focused on energy balance.
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Circulating prolactin concentrations and risk of type 2 diabetes in US
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Abstract

Aims/hypothesis Prolactin, a multifunctional hormone, is involved in regulating insulin sensitivity and glucose homeostasis in
expenmental studies. However, whether circulating concentrations of prolactin are associated with risk of type 2 diabetes remains
uncertain.

Methods We analysed the prospective relationship between circulating prolactin concentrations and type 2 diabetes risk in the
Nurses” Health Study (NHS) and NHSII with up to 22 vears of follow-up. Total plasma prolactin was measured using immuno-
assay in 8615 women free of type 2 diabetes and cardiovascular disease at baseline blood collection (NHS 1989—199(; NHSII
1996-1999) and a subset of 998 NHS women providing a second blood sample during 2000-2002. Baseline biocactive prolactin
was measured in a subset of 2478 women using the Nb2 bicassay. HRs were estimated using Cox regression.

Results A total of 699 incident type 2 diabetes cases were documented during 156,140 person-vears of follow-up. Total
plasma prolactin levels were inversely associated with type 2 diabetes risk; the multivariable HR comparing the highest with
the lowest quartile was 0.73 (95% CI 0.55, 0.95; pyena = 0.02). The associations were similar by menopausal status and
other risk factors (Pinweraction = 0.70). Additional adjustment for sex and growth hormones, adiponectin, and inflammatory
and insulin markers did not significantly alter the results. The association of plasma bioactive prolactin with type 2 diabetes
risk was non-significantly stronger than that of total prolactin (HR comparing extreme quartiles, 0.53 vs 0.81 among the
subset of 2478 women, paisrerence = .11). The inverse association of total prolactin with type 2 diabetes was significant
during the first 9 years after blood draw but waned linearly with time, whereas for bicactive prolactin, the inverse relation-
ship persisted for a longer follow-up time after blood draw.

Conclusions/interpretation A normally high circulating total prolactin concentration was associated with a lower type 2 diabetes
risk within 910 years of follow-up since blood draw in US women. Our findings are consistent with experimental evidence,
suggesting that among healthy women, prolactin within the biologically normal range may play a protective role in the patho-
genesis of type 2 diabetes.

Keywords Hormone - Insulin - Prolactin - Type 2 diabetes

Electronic supplementary material The online version of this article
(https:/doiorg/10.1007/500125-018-4733-9) contains peer-reviewed but
unedited supplementary material, which is available to authorised users.

4 Shelley 5. Tworoger * Channing Division of Network Medicine, Department of Medicine,

Shelley. Tworoger@moffittorg Brigham and Women's Hospital and Harvard Medical School,
Boston, MA, USA

' Deparment of Nutrition, Harvard TH. Chan School of Public *  Department of Biostatistics and Epidemiology, University of
Health, Boston, MA, USA Massachusetts Amherst, Amherst, MA, USA

. 6 firgini iversi

2 Depariment of Epidemiology, Harvard TH. Chan School of Public Department of Pafhology, Virginia Commonwealth Unvessity,
Health, Boston, MA, USA Richmond, VA, USA

" Department of Cancer Epidemiology, H. Lee Moffitt Cancer Center

* Clinical and Translational Epidemiology Unit, Department of and Research Institute, Inc., 12902 Magnolia Drive,
Medicine, Massachusetts General Hospital, Boston, MA, USA MRC-CANCONT, Tampa, FL 336129497, USA

Published anline: 11 October 2018 @ Speinges



European Journal of Endocrinology

P Anagnostis and others Early menopause and type 2

diabetes risk — meta-analysis

Clinical Study

Early menopause and premature ovarian
insufficiency are associated with increased
risk of type 2 diabetes: a systematic review
and meta-analysis

Panagiotis Anagnostisi23, Konstantinos Christou?3, Aikaterini-Maria Artzouchaltzi2?, Nifon K Gkekas?3,
Nikoletta Kosmidou?3, Pavlos Siolos??, Stavroula A Paschou?, Michael Potoupnis®?, Eustathios Kenanidis?~,
Eleftherios Tsiridis®3, Irene Lambrinoudakif, John C Stevenson? and Dimitrios G Goulis'?

"First Department of Obstetrics and Gynecology, Unit of Reproductive Endocrinelogy, Medical School, Aristotle University of

Thessaloniki, Thessaloniki, Greece, *Police Medical Center of Thessaloniki, Thessaloniki, Greece, *Centre of Orthopedic and
Regenerative Medicine Research (CORE), Center for Interdisciplinary Research and Innovation (CIRI), Aristotle

University of Thessaloniki, Thessaloniki, Greece, *Division of Endocrinelogy and Diabetes, ‘Aghia Sophia’ Hospital,
Medical Schoel, National and Kapedistrian University of Athens, Athens, Greece, *Academic Orthopaedic Unit,
Aristotle University Medical 5chool, General Hospital Papageorgiou, Thessaloniki, Greece, ®5econd Department of
QObstetrics and Gynecolegy, National and Kapodistrian University of Athens, Athens, Greece, and "Mational Heart and
Lung Institute, Imperial College London, Royal Brompton and Harefield NHS Foundation Trust, London, UK

Correspondence

should be addressed

to P Anagnostis

Email
anagnwstis.pani@yahoo.gr

Abstract

Ohjective/Design: Menopausal transition has been associated with a derangement of glucose metabolism. However, it is
not known if early menopause (EM, defined as age at menopause <45 years) or premature ovarian insufficiency (POI,
defined as age at menopause <40 years) are associated with increased risk of type 2 diabetes mellitus (T2DM).

To systematically investigate and meta-analyze the best evidence regarding the association of age at menopause
with the risk of T2DM.

Methods: A comprehensive search was conducted in PubMed, CENTRAL and Scopus, up to January 31, 2018. Data are
expressed as odds ratio (OR) with 95% confidence intervals (Cl). The I index was employed for heterogeneity.
Results: Thirteen studies were included in the qualitative and quantitative analysis (191 762 postmenopausal women,
21 664 cases with T2DM). Both women with EM and POl were at higher risk of T2DM compared with those of age at
menopause of 45-55 years (OR: 1.15, 95% Cl: 1.04-1.26, P =0.003; /% 61%, P < 0.002 and OR: 1.50, 95% CI: 1.03-2.19,
P=0.033; I: 75.2%, P < 0.003), respectively). Similar associations emerged when women with EM and POI were
compared with those of age at menopause =45 years (OR: 1.12, 95% CI: 1.01-1.20, P < 0.02; I*: 78%, P < 0.001 and
OR: 1.53, 95% CI: 1.03-2.27, P=0.035; I*: 78%, P < 0.001), respectively).

Conclusions; Both EM and POI are associated with increased risk of T2DM.

European journal of
Endocrinology
(2019) 180, 41-50

Introduction

Menopause is chronically determined by the completion
of 12 months after the final menstrual period. It is the
consequence follicular depletion leading to estrogen
deficiency (1). The average age at menopause is
50-52 years (2). However, approximately 10% of the

female population enter menopause before 45 years, a
condition termed ‘early” or ‘premature’ menopause (3).
About 1% of women enter menopause under the age of 40
(0.19%6 under the age of 30), a condition termed ‘premature
ovarian insufficiency’ (POI) (3, 4). Except the vasomotor
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hitps:fdoiorg/ 10.1530/EJE-18-0602

18 2019 European Society of Endocrinology
Printed in Great Britain

Published by Bioscientifica Led.



ENAOKPINOAOTIIA 25-26
AIABHTOAOTIA ';'(‘)'?‘;“Pw"
METABOAIZMOZ Zuvedpiako & MoAtioTiké Kévipo
AEBVNC OUPMETOXN)  Navemotnpiov Matpav

OEPAIIEIA



nature,, ®
medicine P e
Article ~ Published: 05 November 2018

Gut microbiota and
intestinal FXR mediate the
clinical benefits of
metformin

Lulu Sun, Cen Xie, Guang Wang, Yue Wu, Qing Wu, Xuemei
Wang, Jia Liu, Yangyang Deng, Jialin Xia, Bo Chen, Songyang
Zhang, Chuyu Yun, Guan Lian, Xiujuan Zhang, Heng Zhang,
William H. Bisson, Jingmin Shi, Xiaoxia Gao, Pupu Ge, Cuihua
Liu, Kristopher W. Krausz, Robert G. Nichols, Jingwei Cai, Bipin
Rimal, Andrew D. Patterson, Xian Wang, Frank J. Gonzalez &

Changtao Jiang - Show fewer authors

Nature Medicine 24, 1919-1929 (2018)  Download Citation

Abstract A

The anti-hyperglycemic effect of metformin is
believed to be caused by its direct action on
signaling processes in hepatocytes, leading to
lower hepatic gluconeogenesis. Recently,
metformin was reported to alter the gut
microbiota community in humans, suggesting
that the hyperglycemia-lowering action of the
drug could be the result of modulating the
population of gut microbiota. However, the
critical microbial signaling metabolites and

the host targets associated with the metabolic
benefits of metformin remained elusive. Here,
we performed metagenomic and metabolomic
analysis of samples from individuals with
newly diagnosed type 2 diabetes (T2D) naively
treated with metformin for 3 d, which

revealed that Bacteroides fragilis was
decreased and the bile acid
glycoursodeoxycholic acid (GUDCA) was
increased in the gut. These changes were
accompanied by inhibition of intestinal
farnesoid X receptor (FXR) signaling. We
further found that high-fat-diet (HFD)-fed
mice colonized with B. fragilis were
predisposed to more severe glucose
intolerance, and the metabolic benefits of
metformin treatment on glucose intolerance
were abrogated. GUDCA was further
identified as an intestinal FXR antagonist that
improved various metabolic endpoints in mice
with established obesity. Thus, we conclude
that metformin acts in part through a B.
fragilis~-GUDCA-intestinal FXR axis to
improve metabolic dysfunction, including

hyperglycemia.
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in Type 2 Diabetes
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ABSTRACT

BACKGROUND
The cardiovascular safety profile of dapaglitlozin, a selective inhibitor of sodium-—
glucose cotransporter 2 that promotes glucosuria in patients with type 2 diabetes,
is undefined.

METHODS

We randomly assigned patients with type 2 diabetes who had or were at risk for ath-
erosclerotic cardiovascular disease to receive either dapagliflozin or placebo. The pri-
mary safety outcome was a composite of major adverse cardiovascular events (MACE),
defined as cardiovascular death, myocardial infarction, or ischemic stroke. The pri-
mary efficacy outcomes were MACE and a composite of cardiovascular death or hos-
pitalization for heart failure. Secondary efficacy outcomes were a renal composite
(240% decrease in estimated glomerular filtration rate to <60 m! per minute per
1.73 m? of body-surface area, new end-stage renal disease, or death from renal or
cardiovascular causes) and death from any cause.

RESULTS

We evaluated 17,160 patients, including 10,186 without atherosclerotic cardiovascular
disease, who were followed for a median of 4.2 years. In the primary safety outcome
analysis, dapagliflozin met the prespecified criterion for noninferiority to placebo with
respect to MACE (upper boundary of the 95% confidence interval [CI], <1.3; P<0.001
for noninferiority). In the two primary efficacy analyses, dapagliflozin did not result
in a lower rate of MACE (8.8% in the dapagliflozin group and 9.4% in the placebo
group; hazard ratio, 0.93; 95% CI, 0.84 to 1.03; P=0.17) but did result in a lower rate
of cardiovascular death or hospitalization for heart failure (4.9% vs. 5.8%; hazard
ratio, 0.83; 95% CI, 0.73 to 0.95; P=0.005), which reflected a lower rate of hospi-
talization for heart failure (hazard ratio, 0.73; 95% CI, 0.61 to 0.88); there was no
between-group difference in cardiovascular death (hazard ratio, 0.98; 95% CI, 0.82 to
1.17). A renal event occurred in 4.3% in the dapagliflozin group and in 5.6% in the
placebo group (hazard ratio, 0.76; 95% CI, 0.67 to 0.87), and death from any cause
occurred in 6.2% and 6.6%, respectively (hazard ratio, 0.93; 95% CI, 0.82 to 1.04). Dia-
betic ketoacidosis was more common with dapagliflozin than with placebo (0.3%
vs. 0.1%, P=0.02), as was the rate of genital infections that led to discontinuation of the
regimen or that were considered to be serious adverse events (0.9% vs. 0.1%, P<0.001).
CONCLUSIONS

In patients with type 2 diabetes who had or were at risk for atherosclerotic cardio-
vascular disease, treatment with dapagliflozin did not result in a higher or lower rate
of MACE than placebo but did result in a lower rate of cardiovascular death or hos-
pitalization for heart failure, a finding that reflects a lower rate of hospitalization
for heart failure. (Funded by AstraZeneca; DECLARE-TIMI 58 ClinicalTrials.gov
number, NCT01730534.)
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Supplemental content
IMPORTANCE Type 2 diabetes is associated with indreased cardiovascular (CW) risk. Prior trials
have demonstrated CV safety of 3 dipeptidyl peptidase 4 (DPP-4) inhibitors but have
included limited numbers of patients with high CV risk and chronic kidney disease.

OBJECTIVE Toevaluate the effect of linagliptin, a selective DPFP-4 inhibitor, on OV outcomes
and kidney cutcomes in patients with type 2 diabetes at high risk of OV and kidney events.

DESIGH, SETTING, AND PARTICIPANTS Randomized, placebo-controlled, multicenter
noninferiority trial conducted from August 2013 to August 2005 at &05 dinic sites in 27
countries among adults with type 2 diabetes, hemoglobin Aq of £.5% to 10.0%, high OV risk
{history of vascular disease and urine-albumin creatinine ratio [UACR] =200 mg/g), and high
renal risk {reduced eGFR and micro- or macroalbuminurial. Farticipants with end-stage renal
disease (ESRD) were excluded. Final follow-up occurred on January 18, 2018.

INTERVENTIONS Patients were mndomized to receive linagliptin, 5 mg once daily (n = 3404,
or placebo once daily (n = 3485) added to wsual care. Other glucose-lowering medications or
insulin could be added based on dinical need and local dlinical guidelines.

MAIN CUTCOMES AND MEASURES Primary outcome was time to first cocurrence of the
compasite of OV death, nonfatal myocardial infarction, or nonfatal stroke. Criteria for
noninferiority of linagliptin vs placebo was defined by the upper limit of the 2-sided 95% C1
for the hazard ratio (HR) of linagliptin relative to placebo being less than 1.3. Secondary
outcome was time to first ooourrence of adjudicated death due to renal failure, ESRD, or
sustained 40% or higher decrease in eGFR from baseline.

RESULTS Of 6091 enrolless, 5970 (mean age, 65.0 years; eGFR, 54.6 mL/min/1.73 m?; 800%
with UACR »30 mgfz) received at least 1 dose of study medication and 98 7% completed the
study. During a median follow-up of 2.2 years, the primary outcome occurred in 434 of 3404
{12.4%) and 420 of 3485 (12.1%) in the linagliptin and placebo groups, respectively, (absolute
incidence rate difference. 013 [95% CI, -0.53 to 0.90] per 100 person-years) (HR, 1.02; 95%
€1, 0.89-117; P < 001 for noninferiority). The kidney outcome cocurred in 327 of 3494 (9.4%)
and 306 of 3485 (2. 8%.), respactively (absolute incidence rate difference, 022 [95% C1,
-0.52 to 0.97] per 100 person-yaars) (HR, LO4; 95% O, 0.89-1.22; F = £2). Adverse avents
ocourrad in 2697 (77.2%) and 2723 (78.1%) patients in the linagliptin and placebo groups;
1036 (29.7%) and 1024 (29.4%) had 1 or more episodes of hypoglycemia; and there were 9

{0.3%) ws 5 (0196} events of adjudication-confirmed acute pancreatitis. A A ‘

afMliations are |isted 2t the end of this

CONCLUSIONS AND RELEVANCE Amaong adults with type 2 diabetes and high O and renal risk, Growp The CARMELINA

linagliptin added to usual care compared with placebo added to usual care resulted in FIVESHiZEEDrS e IUEG N SLTDIETETE
a noninferior risk of a compaosite OV outcome ower a median 2.2 years. Cormesponding Author. Jullo
Aossnstoc, MO, Dalias Mabetes

TRIAL REGISTRATION ClinicalTrials. gov Identifier: NCT01897532 AEsEarh Canter at Medical Oty
T777 Fonest Ln, 5te C-655, Dallas,

JAMA. dok- 101001 jama 2008 18263 TH 75230 (Juiic. rosanst ook

Published online November ©, 2048, Cormected on Movember 23, 2018, didaliasdizbates com)
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Lixisenatide and renal outcomes in patients with type 2
diabetes and acute coronary syndrome: an exploratory
analysis of the ELIXA randomised, placebo-controlled trial

Marcel HA Muskiet, Lennart Tonneijck, Yao Huang, Minzhi Liu, Aramesh Saremi, Hidda ] L Heerspink, Daniél H van Raalte

Summary

Background The results of the ELIXA trial demonstrated the cardiovascular safety of lixisenatide, a short-acting
glucagon-like peptide-1 receptor agonist, in patients with type 2 diabetes and acute coronary syndrome. In this
exploratory analysis of ELIXA, we investigate the effect of lixisenatide on renal outcomes.

Methods ELIXA was a randomised, double-blind, placebo-controlled trial, done at 828 sites in 49 countries. Patients
with type 2 diabetes and a recent coronary artery event were randomly assigned (1:1) to a daily subcutaneous injection
of lixisenatide (10-20 pg) or volume-matched placebo, in addition to usual care, until at least 844 patients had an
adjudicated major adverse cardiovascular event included in the primary outcome. Patients, study staff, and individuals
involved in analysis of trial data were masked to treatment assignment. The primary and secondary endpoints of this
trial have been reported previously. Here, in an exploratory analysis of ELIXA, we investigated percentage change in
urinary albumin-to-creatinine ratio (UACR) and estimated glomerular filtration rate (eGFR) according to prespecified
albuminuria status at baseline (normoalbuminuria [UACR <30 mg/g]; microalbuminuria =30 to <300 mg/g]; and
macroalbuminuria [>300 mg/g]) using a mixed-effect model with repeated measures. Time to new-onset macro-
albuminuria and doubling of serum creatinine were also assessed with Cox proportional hazards models. The ELIXA
trial is registered with ClinicalTrials.gov, number NCT01147250, and is completed.

Findings Of 6068 patients randomly allocated between July 9, 2010, and Aug 2, 2013, baseline UACR data were
available for 5978 (99%5). Median follow-up time was 108 weeks. 4441 (74%6; 2191 assigned to placebo and 2250
assigned to lixisenatide) had normoalbuminuria, 1148 (19%; 596 assigned to placebo and 552 assigned to lixisenatide)
had microalbuminuria, and 389 (7%; 207 assigned to placebo and 182 assigned to lixisenatide) had macroalbuminuria.
After 108 weeks, the placebo-adjusted least-squares mean percentage change in UACR from baseline with lixisenatide
was —1.69% (95% CI —11.69 to 8.30; p=0.7398) in patients with normoalbuminuria, —21.10% (-42.25 to 0.04;
p=0-0502) in patients with microalbuminuria, and -39.18% (-68.53 to —9.84; p=0.0070) in patients with
macroalbuminuria. Lixisenatide was associated with a reduced risk of new-onset macroalbuminuria compared with
placebo when adjusted for baseline HbA,. (hazard ratio [HR] 0-808 [95% CI 0.660 to 0-991; p=0.0404]) or baseline
and on-trial HbA, (HR 0.815 [0-665 to 0-99%; p=0.0491]); point estimates were similar when adjusted for other
traditional renal risk factors. At week 108, the largest eGFR decline from baseline was observed in the macroalbuminuric
group, but no significant differences were observed between the two treatment groups. No significant differences in
eGFR decline were identified between treatment groups in any UACR subgroup. In the trial safety population,
doubling of serum creatinine occurred in 35 (1%) of 3032 patients in the placebo group and 41 (1%) of 3031 patients
in the lixisenatide group (HR 1.163, 95% CI 0.741-1.825; p=0.5127). As previously reported in the ELIXA trial, the
proportion of patients with renal adverse events was low (48 [1-6%] of 3032 patients in the placebo group vs 48 [1-6%]
of 3031 patients in the lixisenatide group) and did not significantly differ between treatment groups.

Interpretation Lixisenatide reduces progression of UACR in macroalbuminuric patients, and is associated with a
lower risk of new-onset macroalbuminuria after adjustment for baseline and on-trial HbA, and other traditional renal
risk factors.

Funding Sanofi.
Copyright © 2018 Elsevier Ltd. All rights reserved.

Introduction

Diabetic kidney disease is a common and morbid long-
term complication of diabetes, particularly in patients
with evidence of cardiovascular disease, and has
become the leading cause of chronic kidney disease in
most world regions.' About 40% of patients with type 2

diabetes develop chronic kidney disease, which presents
as albuminuria, an impaired glomerular filtration rate
(GFR), or both." Even mild increases in albuminuria or
GFR decline are associated with a substantial increased
risk of cardiovascular disease and cardiovascular death,
and increased health-care costs.? Moreover, diabetic
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Albiglutide and cardiovascular outcomes in patients with
type 2 diabetes and cardiovascular disease (Harmony
Outcomes): a double-blind, randomised placebo-controlled
trial

Adrian F Hernandez, ennifer B Green, Salim Janmohamed, Ralph B D*Agostine Sr, Christopher B Granger, Nigel P Jones, Lawrence A Leiter,
Anne E Rosenberg, KristinaN Sigmon, Matthew C Somerville, Karl M Thorpe, john ]V McMurray, Stefano Del Prato, for the Harmony Outcomes
committees and investigators*

Summary

Background Glucagon-like peptide 1 receptor agonists differ in chemical structure, duration of action, and in their effects
on clinical outcomes. The cardiovascular effects of once-weekly albiglutide in type 2 diabetes are unknown. We aimed to
determine the safety and efficacy of albiglutide in preventing cardiovascular death, myocardial infarction, or stroke.

Methods We did a double-blind, randomised, placebo-controlled trial in 610 sites across 28 countries. We randomly
assigned patients aged 40 years and older with type 2 diabetes and cardiovascular disease (at a 1:1 ratio) to groups that
either received a subcutaneous injection of albiglutide (30-50 mg, based on glycaemic response and tolerability) or of
a matched volume of placebo once a week, in addition to their standard care. Investigators used an interactive voice or
web response system to obtain treatment assignment, and patients and all study investigators were masked to their
treatment allocation. We hypothesised that albiglutide would be non-inferior to placebo for the primary outcome of
the first occurrence of cardiovascular death, myocardial infarction, or stroke, which was assessed in the intention-to-
treat population. If non-inferiority was confirmed by an upper limit of the 95% CI for a hazard ratio of less than 1-30,
closed testing for superiority was prespecified. This study is registered with ClinicalTrials.gov, number NCT02465515.

Findings Patients were screened between July 1, 2015, and Nov 24, 2016. 10793 patients were screened and
9463 participants were enrolled and randomly assigned to groups: 4731 patients were assigned to receive albiglutide
and 4732 patients to receive placebo. On Nov 8, 2017, it was determined that 611 primary endpoints and a median
follow-up of at least 1.5 years had accrued, and participants returned for a final visit and discontinuation from study
treatment; the last patient visit was on March 12, 2018. These 9463 patients, the intention-to-treat population, were
evaluated for a median duration of 1.6 years and were assessed for the primary outcome. The primary composite
outcome occurred in 338 (7%) of 4731 patients at an incidence rate of 4.6 events per 100 person-years in the albiglutide
group and in 428 (9%) of 4732 patients at an incidence rate of 5.9 events per 100 person-years in the placebo group
(hazard ratio 0.78, 95% CI 0.68-0.90), which indicated that albiglutide was superior to placebo (p<0.0001 for non-
inferiority; p=0-0006 for superiority). The incidence of acute pancreatitis (ten patients in the albiglutide group and
seven patients in the placebo group), pancreatic cancer (six patients in the albiglutide group and five patients in the
placebo group), medullary thyroid carcinoma (zero patients in both groups), and other serious adverse events did not
differ between the two groups. There were three (<1%¢) deaths in the placebo group that were assessed by investigators,
who were masked to study drug assignment, to be treatment-related and two (<1%) deaths in the albiglutide group.

Interpretation In patients with type 2 diabetes and cardiovascular disease, albiglutide was superior to placebo with
respect to major adverse cardiovascular events. Evidence-based glucagon-like peptide 1 receptor agonists should
therefore be considered as part of a comprehensive strategy to reduce the risk of cardiovascular events in patients
with type 2 diabetes.

Funding GlaxoSmithKline.
Copyright © 2018 Elsevier Ltd. All rights reserved.

Introduction

The risk of fatal and non-fatal cardiovascular events is
much higher in people with type 2 diabetes than in the
general population.” Drugs in two classes of newer
glucose-lowering therapies, the sodium-glucose co-
transporter 2 {SGLT-2) inhibitors and the glucagon-like

peptide 1 (GLP-1) receptor agonists, have been shown to
reduce the risk of major adverse cardiovascular events,
although findings regarding the GLP-1 receptor agonists
have been inconsistent.’*® Specifically, not all tested
GLP-1 receptor agonists have been shown to reduce
cardiovascular events, and the effect of these treatments
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Semaglutide versus dulaglutide once weekly in patients with
type 2 diabetes (SUSTAIN 7): a randomised, open-label,
phase 3b trial

Richard E Pratley, Vanita R Aroda, lldiko Lingvay, Jdrg Lidemann, Camilla Andrenssen, Andrea Navarria AdieViljoen, on behalf of the SUSTAIN7
investigators

Summary

Background Despite common mechanisms of actions, glucagon-like peptide-1 receptor agonists differ in structure,
pharmacokinetic profile, and clinical effects. This head-to-head trial compared semaglutide with dulaglutide in
patients with inadequately controlled type 2 diabetes.

Methods This was an open-label, parallel-group, phase 3b trial done at 194 hospitals, clinical institutions or private
practices in 16 countries. Eligible patients were aged 18 years or older and had type 2 diabetes with HbA,
7.0-10-5% (53-0-91. 0 mmol/mol) on metformin monotherapy. Patients were randomly assigned (1:1:1:1) by use of
an interactive web-response system to once a week treatment with either semaglutide 0.5 mg, dulaglutide 0.75 mg,
semaglutide 1.0 mg, or dulaglutide 1.5 mg subcutaneously. The primary endpoint was change from baseline in
percentage HbA ; the confirmatory secondary endpoint was change in bodyweight, both at week 40. The primary
analysis population included all randomly assigned patients exposed to at least one dose of trial product obtained
while on treatment and before the onset of rescue medication. The safety population included all randomly assigned
patients exposed to at least one dose of trial product obtained while on treatment. The trial was powered for HbA,
non-inferiority (margin 0-4%) and bodyweight superiority. This trial is registered with ClinicalTrials.gov, number
NCT02645204.

Findings Between Jan 6, 2016, and June 22, 2016, 1201 patients were randomly assigned to treatment; of these,
301 were exposed to semaglutide 0.5 mg, 299 to dulaglutide 0.75 mg, 300 to semaglutide 1.0 mg, and 299 to
dulaglutide 1.5 mg. 72 (6%) patients withdrew from the trial (22 receiving semaglutide 0-5 mg, 13 receiving
dulaglutide 0-75 mg, 21 receiving semaglutide 1.0 mg, and 16 receiving dulaglutide 1.5 mg). From overall baseline
mean, mean percentage HbA, was reduced by 1.5 (SE 0.06) percentage points with semaglutide 0.5 mg versus
1-1(0-05) percentage points with dulaglutide 0. 75 mg (estimated treatment difference [ETD]—0. 40 percentage points
[95% CI -0.55 to -0.25]; p<0.0001) and by 1.8 (0.06) percentage points with semaglutide 1.0 mg versus
1.4 (0.06) percentage points with dulaglutide 1.5 mg (ETD —0-41 percentage points [-0-57 to —0.25]; p<0.0001).
From overall baseline mean, mean bodyweight was reduced by 4.6 kg (SE 0-28) with semaglutide 0.5 mg compared
with 2.3 kg (0-27) with dulaglutide 0.75 mg (ETD —2.-26 kg [-3-02 to —1.51]; p<0-0001) and by 6.5 kg (0-28) with
semaglutide 1.0 mg compared with 3.0 kg (0- 27) with dulaglutide 1.5 mg (ETD -3 .55 kg [-4-32 to-2.78]; p<0-0001).
Gastrointestinal disorders were the most frequently reported adverse event, occurring in 129 (43%) of 301 patients
receiving semaglutide 0.5 mg, 133 (44%) of 300 patients receiving semaglutide 1.0 mg, 100 (33%) of 299 patients
receiving dulaglutide 0-75 mg, and in 143 (48%) of 299 patients receiving dulaglutide 1.5 mg. Gastrointestinal
disorders were also the most common reason for discontinuing treatment with semaglutide and dulaglutide. There
were six fatalities: one in each semaglutide group and two in each dulaglutide group.

Interpretation At low and high doses, semaglutide was superior to dulaglutide in improving glycaemic control and
reducing bodyweight, enabling a significantly greater number of patients with type 2 diabetes to achieve clinically
meaningful glycaemic targets and weight loss, with a similar safety profile.

Funding Novo Nordisk.

Introduction
Despite considerable advances in treatment options for

insulin resistance and is associated with poor long-term
clinical outcomes.*

type 2 diabetes, a significant proportion of patients do
not achieve recommended glycaemic targets’ and are,
therefore, at risk of developing several chronic
complications of diabetes, including cardiovascular
disease.” Additionally, obesity, a comorbidity that affects
about 85% of patients with type 2 diabetes,’ promotes
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Glucagon-like peptide-1 receptor (GLP-1R) agonists
are an established treatment option for type 2 diabetes.
These drugs are effective antihyperglycaemic treatments
that carry a low risk of hypoglycaemia and promote
weight loss.® Treatments with these drugs once a week
have been associated with better adherence to therapy
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A 26-Week Randomized
Controlled Trial of Semaglutide
Once Daily Versus Liraglutide and
Placebo in Patients With Type 2
Diabetes Suboptimally Controlled
on Diet and Exercise With or
Without Metformin

https://doi.org/10.2337/dc17-2381

OBJECTIVE

To investigate the efficacy and safety of once-daily semaglutide in comparison with
once-daily liraglutide and placebo in patients with type 2 diabetes.

RESEARCH DESIGN AND METHODS

This 26-week, multicenter, double-blind trial involved patients diagnosed with
type 2 diabetes with HbA,. 7.0-10.0% (53-86 mmol/mol) and treated with diet
and exercise with or without metformin. Patients were randomized 2:2:1 to once-
daily semaglutide, liraglutide, or placebo in one of four volume-matched doses
(semaglutide 0.05, 0.1, 0.2, or 0.3 mg and liraglutide 0.3, 0.6, 1.2, or 1.8 mg, with
both compared within each volume-matched dose group). Primary end point was
change in HbA; . from baseline to week 26.

RESULTS

In total, 705 randomized patients were exposed to trial products. At week 26, a
dose-dependent change in HbA;. was observed with semaglutide from —1.1%
(0.05 mg) to —1.9% (0.3 mg) and with liraglutide from —0.5% (0.3 mg) to —1.3%
(1.8 mg) (all P <0.001 in favor of volume-matched semaglutide dose). Change with
pooled placebo was —0.02% (P < 0.0001 vs. semaglutide). Gastrointestinal (Gl) dis-
orders were the most common adverse events (AEs) with semaglutide and liraglu-
tide, occurring in 32.8-54.0% and 21.9-41.5% of patients, respectively.

CONCLUSIONS

Once-daily semaglutide at doses up to 0.3 mg/day resulted in greater reductions
in HbA, . compared with liraglutide or placebo but with a higher frequency of Gl
AEs.

Glucagon-like peptide 1 (GLP-1) is a gut-derived peptide and a potent blood glucose
(BG)-lowering hormone (1). It functions in a glucose-dependent manner and is
therefore associated with a low risk of hypoglycemia (2). GLP-1 inhibits gastric
emptying and reduces body weight by lowering energy intake and inducing feelings
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Efficacy and safety of LY3298176, a novel dual GIP and
GLP-1 receptor agonist, in patients with type 2 diabetes:
a randomised, placebo-controlled and active
comparator-controlled phase 2 trial

Juan Pablo Frias, Michael A Nauck, joannaVan, Mark E Kutner, Xuewei Cui, Chares Benson, Shweta Urva, Ruth E Gimeno, Zvonko Milicevic,
Deborah Robins, Axel Haupt

Summary

Background LY3298176 is a novel dual glucose-dependent insulinotropic polypeptide (GIP) and glucagon-like
peptide-1 (GLP-1) receptor agonist that is being developed for the treatment of type 2 diabetes. We aimed to examine
the efficacy and safety of co-stimulation of the GLP-1 and GIP receptors with LY3298176 compared with placebo or
selective stimulation of GLP-1 receptors with dulaglutide in patients with poorly controlled type 2 diabetes.

Methods In this double-blind, randomised, phase 2 study, patients with type 2 diabetes were randomly assigned
(1:1:1:1:1:1) to receive either once-weekly subcutaneous I¥3298176 (1 mg, 5 mg, 10 mg, or 15 mg), dulaglutide
(1-5 mg), or placebo for 26 weeks. Assignment was stratified by baseline glycated haemoglobin A, (HbA,),
metformin use, and body-mass index (BMI). Eligible participants (aged 18-75) had type 2 diabetes for at least
6 months (HbA,, 7.0-10.5%, inclusive), that was inadequately controlled with diet and exercise alone or with stable
metformin therapy, and a BMI of 23-50 kg/m2. The primary efficacy outcome was change in HbA, from baseline to
26 weeks in the modified intention-to-treat (mITT) population (all patients who received at least one dose of study
drug and had at least one postbaseline measurement of any outcome). Secondary endpoints, measured in the mITT
on treatment dataset, were change in HbA, from baseline to 12 weeks; change in mean bodyweight, fasting plasma
glucose, waist circumference, total cholesterol, LDL cholesterol, HDL cholesterol, and triglycerides, and proportion
of patients reaching the HbA,, target (=6-5% and <7.0%) from baseline to weeks 12 and 26; and proportion of
patients with at least 5% and 10% bodyweight loss from baseline to 26 weeks. This study is registered with
ClinicalTrials.gov, number NCT03131687.

Findings Between May 24, 2017, and March 28, 2018, 555 participants were assessed for eligibility, of whom 318 were
randomly assigned to one of the six treatment groups. Because two participants did not receive treatment, the
modified intention-to-treat and safety populations included 316 participants. 258 (81.7%) participants completed
26 weeks of treatment, and 283 (89.6%) completed the study. At baseline, mean age was 57 years (SD 9), BMI was
32.6 kg/m? (5-9), duration from diagnosis of diabetes was 9 years (6), HbA, was 8.1% (1-0), 53% of patients were
men, and 47% were women. At 26 weeks, the effect of [Y3298176 on change in HbA _ was dose-dependent and did not
plateau. Mean changes from baseline in HbA, with LY3298176 were —1-06% for 1 mg, —1-73% for 5 mg, —1- 89% for
10 mg, and —1.94% for 15 mg, compared with —0.06% for placebo (posterior mean differences [80% credible set] vs
placebo: —1.00% [-1.22 to—0.79] for 1 mg, —1-67% [-1.88 to —1.46] for 5 mg, —1.83% [-2.04 to —1.61] for 10 mg, and
-1.89% [-2-11to-1.67] for 15 mg). Compared with dulaglutide (-1-21%) the posterior mean differences (80% credible
set) for change in HbA from baseline to 26 weeks with the [Y3298176 doses were 0.15% (-0-08 to 0.38) for 1 mg,
-0.52% (-0.72 to -0.31) for 5 mg, —0-67% (~0-89 to —0-46) for 10 mg, and -0.73% (-0.95 to —0.52) for 15 mg. At
26 weeks, 33-90% of patients treated with [Y3298176 achieved the HbA,, target of less than 7.0% (vs 52% with
dulaglutide, 12% with placebo) and 15-82% achieved the HbA, target of at least 6-5% (vs 39% with dulaglutide,
2% with placebo). Changes in fasting plasma glucose ranged from —0.4 mmol/L to —3.4 mmol/L for LY3298176
(vs 0.9 mmol/L for placebo, 1.2 mmol/L for dulaglutide). Changes in mean bodyweight ranged from —0.9 kg to
-11.3 kg for LY3298176 (vs —0- 4 kg for placebo, 2.7 kg for dulaglutide). At 26 weeks, 14-71% of those treated with
LY3298176 achieved the weight loss target of at least 5% (vs 22% with dulaglutide, 0% with placebo) and
6-39% achieved the weight loss target of at least 10% (vs 9% with dulaglutide, 0% with placebo). Changes in waist
circumference ranged from 2.1 cm to—10.2 cm for [Y3298176 (vs —1-3 cm for placebo, —2.5 cm for dulaglutide).
Changes in total cholesterol ranged from 0.2 mmol/L to —0-3 mmol/L for [Y3298176 (vs 0-3 mmol/L for placebo,
-0-2 mmol/L for dulaglutide). Changes in HDL or LDL cholesterol did not differ between the IY3298176 and placebo
groups. Changes in triglyceride concentration ranged from 0 mmol/L to —0.8 mmol/L for IY3298176 (vs 0-3 mmol/L
for placebo, 0.3 mmol/L for dulaglutide). The 12-week outcomes were similar to those at 26 weeks for all secondary
outcomes. 13 (4%) of 316 participants across the six treatment groups had 23 serious adverse events in total
Gastrointestinal events (nausea, diarrhoea, and vomiting) were the most common treatment-emergent adverse
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Closed-Loop Insulin Delivery for Glycemic
Control in Noncritical Care

Lia Bally, Ph.D., Hood Thabit, Ph.D., Sara Hartnell, B.Sc.,
Eveline Andereggen, R.N., Yue Ruan, Ph.D., Malgorzata E. Wilinska, Ph.D.,
Mark L. Evans, M.D., Maria M. Wertli, Ph.D., Anthony P. Coll, M.D.,
Christoph Stettler, M.D., and Roman Hovorka, Ph.D.

ABSTRACT

BACKGROUND

In patients with diabetes, hospitalization can complicate the achievement of recom-
mended glycemic targets. There is increasing evidence that a closed-loop delivery
system (artificial pancreas) can improve glucose control in patients with type 1 diabe-
tes. We wanted to investigate whether a closed-loop system could also improve glyce-
mic control in patients with type 2 diabetes who were receiving noncritical care.

METHODS

In this randomized, open-label trial conducted on general wards in two tertiary hos-
pitals located in the United Kingdom and Switzerland, we assigned 136 adults with
type 2 diabetes who required subcutaneous insulin therapy to receive either closed-
loop insulin delivery (70 patients) or conventional subcutaneous insulin therapy,
according to local clinical practice (66 patients). The primary end point was the
percentage of time that the sensor glucose measurement was within the target range
of 100 to 180 mg per deciliter (5.6 to 10.0 mmol per liter) for up to 15 days or until
hospital discharge.

RESULTS

The mean (£SD) percentage of time that the sensor glucose measurement was in
the target range was 65.8%16.8% in the closed-loop group and 41.5%16.9% in the
control group, a difference of 24.3+2.9 percentage points (95% confidence interval
[CI], 18.6 to 30.0; P<0.001); values above the target range were found in 23.6+16.6%
and 49.5£22.8% of the patients, respectively, a difference of 25.9%3.4 percentage
points (95% CI, 19.2 to 32.7; P<0.001). The mean glucose level was 154 mg per
deciliter (8.5 mmol per liter) in the closed-loop group and 188 mg per deciliter
(10.4 mmol per liter) in the control group (P<0.001). There was no significant
between-group difference in the duration of hypoglycemia (as defined by a sensor
glucose measurement of <54 mg per deciliter; P=0.80) or in the amount of insulin
that was delivered (median dose, 44.4 U and 40.2 U, respectively; P=0.50). No episode
of severe hypoglycemia or clinically significant hyperglycemia with ketonemia oc-
curred in either trial group.

CONCLUSIONS

Among inpatients with type 2 diabetes receiving noncritical care, the use of an au-
tomated, closed-loop insulin-delivery system resulted in significantly better glycemic
control than conventional subcutaneous insulin therapy, without a higher risk of
hypoglycemia. (Funded by Diabetes UK and others; ClinicalTrials.gov number,
NCTO01774565.)
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Association of Initiation of Basal Insulin Analogs vs Neutral
Protamine Hagedorn Insulin With Hypoglycemia-Related
Emergency Department Visits or Hospital Admissions

and With Glycemic Control in Patients With Type 2 Diabetes

Kasia 1 Lipska, M. MHS; Melssa M. Parker, M5 Howard H. Maoffet, MPH; Bbert 5. Huang, MO, MPH: Andresw 1 Karter, PFRD

BMPORTAMNCE Inclinical triaks of patients with type 2 diabetes, long-acting Insulin analogs
madestly reduced the risk of nocturnal by poghyremia compared with human newtral
protamine Hagedorn (MPH) insulin, but cost 2 to 10 times more. Outcomes indinical practice
may differ from trial resuits.

OBJECTIVE To comipare the rates of hypoglycemia-related emergency department (ED) visits
of hiospital admissions associated with inftiation of long-acting insulin analogs vs human NPH

inzulin In patients with type 2 diabstes.

DESIGH, SETTING, AND PARTICIPANTS A retrospective obsanational study using data from
kaiser Pammanente of Morthern Callfomia from Jamuary 1, 2006, through Saptembsr 30,
2015. Patients with type 2 diabates who initiated a long-acting insulin analog or NPH insulin
were Induded and censored at death, boss of health plan coverage, change In Insulin

treatmeant, or stdy end on Saptember 30, 2015,
ENPOSURE Initlation of besal insulin analogs (glargine or detemir) ws NPH insulin.

MAIN OUTCOMES AMD MEASURES The primany outcome was the time to a hy poghyoemia-
redzted ED visit or hospital admission and the secondary cutcome was the changs in
hemoglobin A, _lkevel within 1yesr of Insulin Ingiaticon.

RESULTS Thera ware 35 489 patents with type 2 disbetes who Infitated basal insulin therapy
{me=zn age, 60.2 [50, 11.8] years; 51.9% white: 46.8% female). During a mesan follow-up of 1.7
yaars, there were 33 hypogiycamiz-redated ED visits or hospital admisslons among 1928
patients who Inftizted Insulin analogs (1.9 events [35% O £11015.6] per 1000
person-years) compared with 354 hypoghyremia-ralated ED visits or hosphial admissions
among 23 561 patients who initliated NPH nsulin (B.E events [95% O, 7.9 to 98] par 1000
person-years) [ betwesn-group diference, 3.1 events [95% CI, -1.5 to 77] per 1000
person-years: P = 07} Among 4428 patients matched by propensity score, the ad)usted
hazard ratio was 116 (95% C1, 0.71 to 1.78) for hypoglycemiz-ralsted ED wistts or hospital
admisslons assodated with Insulin analog use. Within 1year of insulin Infiztion. hemoglobin
& _level decressed from S.4% (9596 C1, 9.3% to 9.5%) to B_2% (95% 0, 8.1% to B.23) after
Initiation of Insulin analogs and from 9.4% (95% C1, 9.3% to 9.5%) to 79% (959 O, 79% to
E.0%:) after nitition of NPH Insulin (adpusted difference-in-differences for ghpremilc contmol,
—00.22%6 [9536 O, —0u09rs to - 0373610

COMCLUSIONS AND RELEVANCE Amang petiants with type 2 diabetes, initiation of a basal
Insulin analog compared with NPH insulin was not assoclated with a reduced nisk of
fypoglycamia-ralated ED wisits or hospital admissions or with improved gheoemilc control.

Thesa findings suggest that the uss of basal Insulin analogs In wsual practics settings may not
e assodated with dinical advantages for these cutcomes.
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Primary care-led weight management for remission of type 2
diabetes (DIRECT): an open-label, cluster-randomised trial

Michael E | Lean®, Wilma 5 Leslie, Alison C Barnes, Naomi Brosnahan, George Thom, Louise McCombie, Carl Peters, Sviatlana Zhyzhneuskaya,
Ahmad Al-Mrabeh, Kieren G Hollingsworth, Angela M Rodrigues, Lucia Rehadcova, Ashley ] Adamson, Falko F Sniehotta, john C Mathers,
Hazel M Ross, Yvonne Mellvenna, Renae Stefanett], Michael Trenell, Paul Welsh, Sharon Kean, lan Ford, Alex McConnachie, Naveed Sattar, Roy Taylor*

Summary
Background Type 2 diabetes is a chronic disorder that requires lifelong treatment. We aimed to assess whether
intensive weight management within routine primary care would achieve remission of type 2 diabetes.

Methods We did this open-label, cluster-randomised trial (DiRECT) at 49 primary care practices in Scotland and the
Tyneside region of England. Practices were randomly assigned (1:1), via a computer-generated list, to provide either a
weight management programme (intervention) or best-practice care by guidelines (control), with stratification for
study site (Tyneside or Scotland) and practice list size (>5700 or <5700). Participants, carers, and research assistants
who collected outcome data were aware of group allocation; however, allocation was concealed from the study
statistician. We recruited individuals aged 2065 years who had been diagnosed with type 2 diabetes within the past
Gyears, had a body-mass index of 2745 kg/m?, and were not receiving insulin. The intervention comprised withdrawal
of antidiabetic and antihypertensive drugs, total diet replacement (825-853 kcal/day formula diet for 3-5 months),
stepped food reintroduction (2-8 weeks), and structured support for long-term weight loss maintenance. Co-primary
outcomes were weight loss of 15 kg or more, and remission of diabetes, defined as glycated haemoglobin (HbA,) of
less than 6.5% (<48 mmol/mol) after at least 2 months off all antidiabetic medications, from baseline to 12 months.
These outcomes were analysed hierarchically. This trial is registered with the ISRCTN registry, number 03267836.

Findings Between July 25, 2014, and Aug 5, 2017, we recruited 306 individuals from 49 intervention (n=23) and control
(n=26) general practices; 149 participants per group comprised the intention-to-treat population. At 12 months, we
recorded weight loss of 15 kg or more in 36 (24%) participants in the intervention group and no participants in the
control group (p<0.0001). Diabetes remission was achieved in 68 (46%) participants in the intervention group and
six (4%) participants in the control group (odds ratio 19.7, 95% CI 7.8-49.8; p<0.0001). Remission varied with
weight loss in the whole study population, with achievement in none of 76 participants who gained weight,
six (7%) of 89 participants who maintained 0-5 kg weight loss, 19 (34%) of 56 participants with 5-10 kg loss,
16 (57%) of 28 participants with 10-15 kg loss, and 31 (86%) of 36 participants who lost 15 kg or more. Mean
bodyweight fell by 10.0 kg (SD §.0) in the intervention group and 1.0 kg (3.7) in the control group (adjusted
difference -8.8 kg, 95% CI -10.3 to -7.3; p<0.0001). Quality of life, as measured by the EuroQol 5 Dimensions
visual analogue scale, improved by 7.2 points (SD 21.3) in the intervention group, and decreased by 2- 9 points (15.5)
in the control group (adjusted difference 6.4 points, 95% CI 2.5-10-3; p=0.0012). Nine serious adverse events were
reported by seven (4%) of 157 participants in the intervention group and two were reported by two (1%) participants
in the control group. Two serious adverse events (biliary colic and abdominal pain), occurring in the same participant,
were deemed potentially related to the intervention. No serious adverse events led to withdrawal from the study.

Interpretation Our findings show that, at 12 months, almost half of participants achieved remission to a non-diabetic
state and off antidiabetic drugs. Remission of type 2 diabetes is a practical target for primary care.

Funding Diabetes UK.

Introduction

Type 2 diabetes affects almost one in ten adults in the UK,
and 422 million adults worldwide."” Most people with
type 2 diabetes have disease-related morbidity and reduced
longevity. The disease is particularly devastating for the
growing numbers of younger people affected, who tend to
be more obese and lose more life-years through diabetes.”
Current guidelines for management of type 2 diabetes
focus heavily on multiple drug treatments to reduce blood
glucose and the associated elevated risks of cardiovascular
disease, but life expectancy remains substantially reduced.

www thelancet.com Vol 391 February 10, 2018

Type 2 diabetes is strongly related to weight gain in
adult life and accumulation of excess fat within the liver
and pancreas. The twin cycle hypothesis,*which postulated
that type 2 diabetes is caused specifically by excess fat
within the liver and pancreas, was tested by inducing
negative energy balance with a 600-700 kcal/day diet.
Liver insulin resistance and fat content normalised within
7 days, with first-phase insulin response and pancreas fat
content normalising over 8 weeks.’ In a subsequent
parallel-group study,” the underlying changes were shown
to remain stable over a 6 month period of isocaloric eating.
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Fasting Glucose and All-Cause
Mortality by Age in Diabetes: A
Prospective Cohort Study

https://doi.org/10.2337/dc17-1872

OBJECTIVE

To examine associations between fasting glucose and mortality and to identify the
levels associated with lowest mortality by age in diabetes.

RESEARCH DESIGN AND METHODS
A total of 359,645 Korean adults with known prevalent diabetes participated in
health screening during 2001-2004 and were followed up until 2013.

RESULTS

U-curve associations were found. Fasting glucose levels associated with the lowest
mortality were ~90-130 mg/dL, except for in those aged 18—-44 years (~80-95 mg/dL).
Multivariable-adjusted hazard ratios of fasting glucose <65, 65-74, 75-84, 140-169,
170-199, and 2200 mg/dL were 1.46, 1.12, 1.09, 1.12, 131, and 1.78, respectively,
compared with 85-99 mg/dL

CONCLUSIONS

Optimal fasting glucose range for survivalis higher in adults with than without known
prevalentdiabetes, except, perhaps, younger adults. Tight glucose control may lessen
premature death in younger adults with diabetes. Hypoglycemia (<65 mg/dL) was
associated with higher mortality than was fasting glucose 170-199 mg/dL, while
fasting glucose 65-84 mg/dL had risks comparable with those at levels 140-
169 mg/dL in diabetes.

Fasting glucose levels are a fundamental element of managing diabetes in patients to
achieve good glycemic control. Precise estimates of the age-specific relative risks of
death associated with fasting glucose may help determine better glucose targets for
management of diabetes. However, little is known about the associations of the full
range of fasting glucose with all-cause mortality and the optimal range for survival ac-
cording to age in diabetes.

RESEARCH DESIGN AND METHODS

More detailed information about the Korean Metabolic Risk Factor (KOMERIT) study
has previously been published (1-3). This study included 12,845,017 adults who par-
ticipated in routine health screenings during 2001-2004 by the National Health In-
surance Service, which provides mandatory insurance coverage for 97% of the Korean
population. After exclusion of individuals with missing information or extreme anthro-
pometric measures, 12,815,006 participants, of whom 369,645 had known prevalent
diabetes, were follow up until 2013 for survival (1). This study was approved by the
institutional review board of Catholic Kwandong University.
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Effects of n—3 Fatty Acid Supplements
in Diabetes Mellitus

The ASCEND Study Collaborative Group*

ABSTRACT

BACKGROUND

Increased intake of n—3 fatty acids has been associated with a reduced risk of car-
diovascular disease in observational studies, but this finding has not been confirmed
in randomized trials. It remains unclear whether n-3 (also called omega-3) fatty
acid supplementation has cardiovascular benefit in patients with diabetes mellitus.

METHODS
We randomly assigned 15,480 patients with diabetes but without evidence of ath-
erosclerotic cardiovascular disease to receive 1-g capsules containing either n—3 fatty
acids (fatty acid group) or matching placebo (olive oil) daily. The primary outcome was
a first serious vascular event (i.e., nonfatal myocardial infarction or stroke, transient
ischemic attack, or vascular death, excluding confirmed intracranial hemorrhage).
The secondary outcome was a first serious vascular event or any arterial revascu-
larization.

RESULTS

During a mean follow-up of 7.4 years (adherence rate, 76%), a serious vascular event
occurred in 689 patients (8.9%) in the fatty acid group and in 712 (9.2%) in the
placebo group (rate ratio, 0.97; 95% confidence interval [CI], 0.87 to 1.08; P=0.55).
The composite outcome of a serious vascular event or revascularization occurred in
882 patients (11.4%) and 887 patients (11.5%), respectively (rate ratio, 1.00; 95% CI,
0.91 to 1.09). Death from any cause occurred in 752 patients (9.7%) in the fatty acid
group and in 788 (10.2%) in the placebo group (rate ratio, 0.95; 95% CI, 0.86 to 1.05).
There were no significant between-group differences in the rates of nonfatal seri-
ous adverse events.

CONCLUSIONS

Among patients with diabetes without evidence of cardiovascular disease, there was
no significant difference in the risk of serious vascular events between those who
were assigned to receive n—3 fatty acid supplementation and those who were as-
signed to receive placebo. (Funded by the British Heart Foundation and others;
Current Controlled Trials number, ISRCTN60635500; ClinicalTrials.gov number,
NCT00135226.)
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Effects of Aspirin for Primary Prevention
in Persons with Diabetes Mellitus

The ASCEND Study Collaborative Group*

ABSTRACT

BACKGROUND
Diabetes mellitus is associated with an increased risk of cardiovascular events.
Aspirin use reduces the risk of occlusive vascular events but increases the risk of
bleeding; the balance of benefits and hazards for the prevention of first cardiovas-
cular events in patients with diabetes is unclear.

METHODS

We randomly assigned adults who had diabetes but no evident cardiovascular dis-
ease to receive aspirin at a dose of 100 mg daily or matching placebo. The primary
efficacy outcome was the first serious vascular event (i.e., myocardial infarction,
stroke or transient ischemic attack, or death from any vascular cause, excluding
any confirmed intracranial hemorrhage). The primary safety outcome was the first
major bleeding event (i.e., intracranial hemorrhage, sight-threatening bleeding
event in the eye, gastrontestinal bleeding, or other serious bleeding). Secondary
outcomes included gastrointestinal tract cancer.

RESULTS
A total of 15,480 participants underwent randomization. During a mean follow-up
of 7.4 years, serious vascular events occurred in a significantly lower percentage of
participants in the aspirin group than in the placebo group (658 participants
[8.5%] vs. 743 [9.6%]; rate ratio, 0.88; 95% confidence interval [CI], 0.79 to 0.97;
P=0.01). In contrast, major bleeding events occurred in 314 participants (4.1%) in
the aspirin group, as compared with 245 (3.2%) in the placebo group (rate ratio,
1.29; 95% CI, 1.09 to 1.52; P=0.003), with most of the excess being gastrointesti-
nal bleeding and other extracranial bleeding. There was no significant difference
between the aspirin group and the placebo group in the incidence of gastrointes-
tinal tract cancer (157 participants [2.0%)] and 158 [2.0%], respectively) or all cancers
(897 [11.6%] and 887 [11.5%]); long-term follow-up for these outcomes is planned.

CONCLUSIONS
Aspirin use prevented serious vascular events in persons who had diabetes and no
evident cardiovascular disease at trial entry, but it also caused major bleeding
events. The absolute benefits were largely counterbalanced by the bleeding hazard.
(Funded by the British Heart Foundation and others; ASCEND Current Controlled
Trials number, ISRCTH60635500; ClinicalTrials.gov number, NCT00135226.)
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Management of Hyperglycemia
in Type 2 Diabetes, 2018.

A Consensus Report by the
American Diabetes Association
(ADA) and the European Association
for the Study of Diabetes (EASD)

Diabetes Care 2018;41:2669-2701 | https://doi.org/10.2337/dcil18-0033

The American Diabetes Association and the European Association for the Study of
Diabetes convened a panel to update the prior position statements, published in
2012 and 2015, on the management of type 2 diabetes in adults. A systematic
evaluation of the literature since 2014 informed new recommendations. These
include additional focus on lifestyle management and diabetes self-management
education and support. For those with obesity, efforts targeting weight loss,
including lifestyle, medication, and surgical interventions, are recommended. With
regards to medication management, for patients with clinical cardiovascular
disease, a sodium—glucose cotransporter 2 (SGLT2) inhibitor or a glucagon-like
peptide 1 (GLP-1) receptor agonist with proven cardiovascular benefit is recom-
mended. For patients with chronic kidney disease or clinical heart failure and
atherosclerotic cardiovascular disease, an SGLT2 inhibitor with proven benefit is
recommended. GLP-1 receptor agonists are generally recommended as the first
injectable medication.

The goals of treatment for type 2 diabetes are to prevent or delay complications and
maintainquality of life (Fig. 1). This requires control of glycemia and cardiovascular risk
factormanagement, regular follow-up, and, importantly, apatient-centered approach
to enhance patient engagement in self-care activities (1). Careful consideration of
patient factors and preferences must inform the process of individualizing treatment
goals and strategies (2,3).

This consensus report addresses the approaches to management of glycemia in
adults with type 2 diabetes, with the goal of reducing complications and maintaining
quality of life in the context of comprehensive cardiovascular risk management and
patient-centered care. The principles of how this can be achieved are summarized in
Fig. 1 and underpin the approach to management and care. These recommendations
are notgenerally applicable to patients with monogenic diabetes, secondary diabetes,
or type 1 diabetes, or to children.

Data Sources, Searches, and Study Selection

The writing group accepted the 2012 (4) and 2015 (5) editions of this position
statement as a starting point. To identify newer evidence, a search was conducted on
PubMed for randomized clinical trials (RCTs), systematic reviews, and meta-analyses
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ABSTRACT

Introduction: Whether menopause increases the risk of type 2 diabetes mellitus (T2DM) independently of ageing
has been a marter of debate. Controversy also exists about the benefits and risks of menopausal hormone therapy
(MHT) in women with T2DM.

Aims: To summarise the evidence on 1) the effect of menopause on metabolic parameters and the risk of T2DM,
2) the effect of T2DM on age at menopause, 3) the effect of MHT on the risk of T2ZDM. and 4) the management of
postmenopausal women with TZDM.

Materials and methods: Literature review and consensus of experts’ opinions.

Results and conclusion: Metabolic changes during the menopausal transition include an increase in and the
central redistribution of adipose tissue, as well as a decrease in energy expenditure. In addition, there is im-
pairment of insulin secretion and insulin sensitivity and an increase in the risk of T2DM. MHT has a favourable
effect on glucose metabolism, both in women with and in women without T2DM, while it may delay the onset of
T2DM. MHT in women with T2DM should be administered according to their risk of cardiovascular disease
(CVD). In women with T2DM and low CVD risk, oral oeswrogens may be preferred, while ransdermal 17(-
oestradiol is preferred for women with T2DM and coexistent CVD risk factors, such as obesity. In any case, a
progestogen with neutral effects on glucose metabolism should be used, such as progesterone, dydrogesterone or
transdermal norethisterone. Postmenopausal women with T2DM should be managed primarily with lifestyle
intervention, including diet and exercise. Most of them will eventually require pharmacological therapy. The
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