
Original Article
Efficacy of vildagliptin for prevention of
postpartum diabetes in women with a recent
history of insulin-requiring gestational diabetes:
A phase II, randomized, double-blind,
placebo-controlled study
Sandra Hummel 1,2, Andreas Beyerlein 2, Markus Pfirrmann 3, Anna Hofelich 1,2, Daniela Much 1,2,
Susanne Hivner 1,2, Melanie Bunk 1, Melanie Herbst 1, Claudia Peplow 1,2, Markus Walter 1, Denise Kohn 3,
Nadine Hummel 2, Jürgen Kratzsch 4, Michael Hummel 1, Martin Füchtenbusch 1, Joerg Hasford 3,
Anette-G. Ziegler 1,2,*, on behalf of the PINGUIN Study Group
ABSTRACT

Objective: Women with insulin-requiring gestational diabetes mellitus (GDM) are at high risk of developing diabetes within a few years post-
partum. We implemented this phase II study to test the hypothesis that vildagliptin, a dipeptidyl peptidase-4 inhibitor, is superior to placebo in
terms of reducing the risk of postpartum diabetes.
Methods: Women with insulin-requiring GDM were randomized to either placebo or 50 mg vildagliptin twice daily for 24 months followed by a
12-month observation period (EudraCT: 2007-000634-39). Both groups received lifestyle counseling. The primary efficacy outcomes were the
diagnosis of diabetes (American Diabetes Association (ADA) criteria) or impaired fasting glucose (IFG)/impaired glucose tolerance (IGT).
Results: Between 2008 and 2015, 113 patients (58 vildagliptin, 55 placebo) were randomized within 2.2e10.4 (median 8.6) months after
delivery. At the interim analysis, nine diabetic events and 28 IFG/IGT events had occurred. Fifty-two women withdrew before completing the
treatment phase. Because of the low diabetes rate, the study was terminated. Lifestyle adherence was similar in both groups. At 24 months, the
cumulative probability of postpartum diabetes was 3% and 5% (hazard ratio: 1.03; 95% confidence interval: 0.15e7.36) and IFG/IGT was 43%
and 22% (hazard ratio: 0.55; 95% confidence interval: 0.26e1.19) in the placebo and vildagliptin groups, respectively. Vildagliptin was well
tolerated with no unexpected adverse events.
Conclusions: The study did not show significant superiority of vildagliptin over placebo in terms of reducing the risk of postpartum diabetes.
However, treatment was safe and suggested some improvements in glycemic control, insulin resistance, and b-cell function. The study identified
critical issues in performing clinical trials in the early postpartum period in women with GDM hampering efficacy assessments. With this
knowledge, we have set a basis for which properly powered trials could be performed in women with recent GDM.
Trial registration number at ClinicalTrials.gov: NCT01018602.

� 2018 The Authors. Published by Elsevier GmbH. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. INTRODUCTION

Gestational diabetes mellitus (GDM) occurs in about 13% of preg-
nancies worldwide [1,2] and is associated with adverse short- and
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long-term outcomes in mothers and their offspring [3,4]. Although it
resolves soon after delivery in many cases, women with GDM are at
increased risk of developing diabetes in the postpartum period [5e7].
Diet and exercise are recommended to manage postpartum diabetes
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risk. However, the overall adherence to diet and exercise recom-
mendations is poor. Relatively few studies have been undertaken to
examine whether it is possible to reduce the risk of postpartum dia-
betes in women with prior GDM through pharmacotherapy [8,9].
However, no pharmacotherapy intervention trial has been conducted in
women with GDM during the first year after delivery, when the risk of
developing postpartum diabetes is greatest [7]. The pathogenesis of
GDM is still unknown, but there is evidence that impaired insulin
secretion contributes to hyperglycemia during pregnancy in a large
proportion of women with prior GDM [10]. Therefore, we reasoned that
interventions aimed at improving/preserving insulin secretion in the
early postpartum period may help to prevent postpartum diabetes in
women with GDM, particularly in those who required insulin during
pregnancy.
Glucagon-like peptide-1 (GLP-1) is an important mediator of insulin
secretion and glycemic control [11], and several dipeptidyl peptidase-4
(DPP4) inhibitors, which prevent GLP-1 degradation, have been
approved for the treatment of type 2 diabetes [12]. GLP-1 analogues
and DPP4 inhibitors also have beneficial effects on islet function and b-
cell preservation [13e16]. To date, however, no trial has assessed
whether DPP4 inhibitors can prevent risk of postpartum diabetes in
women with a recent history of GDM. Considering these properties of
DPP4 inhibitors, we performed an investigator-initiated phase II study
to test the hypothesis that administration of vildagliptin, a represen-
tative DPP4 inhibitor, within 1 year after delivery is superior to placebo
in terms of reducing the risk of postpartum diabetes in women with
prior insulin-requiring GDM. We chose a 2-year treatment period and a
1-year follow-up period because we found that many diabetic events in
women with prior GDM occurred within 1 year of delivery in our pre-
vious study [6], and considering the cost and feasibility of longer-term
studies. Both groups received repeated lifestyle counseling, including
dietary and physical activity counseling, which is recommended in the
postpartum follow-up of women with GDM.

2. MATERIAL AND METHODS

2.1. Design
This study was performed as an investigator-initiated, phase II, single-
center, randomized, double-blind, placebo-controlled trial, and was
conducted at the Forschergruppe Diabetes e.V., Munich-Neuherberg,
Germany. It was approved by the Ethikkommission der Fakultät für
Medizin, Technische Universität München (project no. 1832/07). The
study was registered on the European Clinical Trials Database (iden-
tifier: 2007-000634-39; https://www.clinicaltrialsregister.eu/ctr-
search/trial/2007-000634-39/DE). This trial was performed in agree-
ment with the Declaration of Helsinki. All participants provided written
informed consent.
The study was designed to test the hypothesis that administration of
vildagliptin 50 mg twice daily for 24 months, when first administered
within 9 months after delivery, is superior to placebo in terms of
reducing the proportion of women who progressed to postpartum
diabetes with a total follow-up of 36 months. Based on an expected
rate of postpartum diabetes of 61% over 3 years in the placebo
group, as observed in the German Gestational Diabetes Study [6], we
calculated that enrolling 70 participants to each group would provide
80% power to detect a 50% hazard reduction of postpartum dia-
betes over 3 years with a two-sided a of 0.05 and a drop-out rate of
15%. We projected to complete the enrollment of 140 women within
4 years of starting the study. Secondary objectives were to test
whether vildagliptin treatment improved b-cell function and insulin
sensitivity.
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2.2. Eligibility criteria
Patients with insulin-treated GDM were referred for participation in the
trial from hospitals or outpatient clinics in Germany. Females aged
�18 years old, <9 months postpartum, and who had insulin-treated
GDM during their most recent pregnancy were eligible for the study.
Women were classified as having GDM if two of three capillary blood
glucose values measured during an oral glucose tolerance test (OGTT)
were >90 mg/dL (>5 mmol/L) in the fasting state before a 75-g
glucose load or >180 mg/dL (>10.6 mmol/L) at 60 min after and
>155 mg/dL (>8.9 mmol/L) at 120 min after the glucose load. Insulin-
requiring GDM was defined according to the Diabetes and Pregnancy
Study group recommendations of the German Diabetes Association
[17]. Major exclusion criteria were diagnosis of diabetes at/before
screening (women with IFG/IGT at the screening or baseline visit were
eligible), positivity for type 1 diabetes-associated islet autoantibodies
(glutamic acid decarboxylase or antibody or insulinoma antigen-2), and
planning to continue lactation. Other exclusion criteria are listed in the
supplementary materials.

2.3. Randomization, treatment, and clinical visits
Eligible women were centrally randomized at the baseline visit to
receive either 50 mg vildagliptin or placebo, which were administered
twice daily for 24 months. The study drug was provided by Novartis.
The study drug could be stopped temporarily if an adverse event
occurred. The participants and investigators were blinded to the
allocated treatment. Patients returned to the study centre for efficacy
and safety assessments at 3, 6, 9, 12, 18, 24, 30, and 36 months after
randomization. OGTTs were performed at screening, 6, 12, 18, 24, 30,
and 36 months with blood samples drawn at �20, 0, 30, 60, 90, and
120 min. A standard meal challenge test was performed at baseline,
24 months, and 36 months with blood samples drawn at �20, 0, 15,
30, 45, 60, 90, and 120 min. All enrolled women received once a year
standard lifestyle recommendations in the form of an annual, indi-
vidualized consultation based on the dietary reports provided by the
women. The participants also received a brochure including general
recommendations on healthy diet.

2.4. Assessment of lifestyle compliance
Compliance to lifestyle counseling was assessed at baseline, 12
months, 24 months, and 36 months. At these visits, the participants
were provided a pedometer and advised to record their steps for 7
consecutive days. Dietary information was collected by a Food Fre-
quency Questionnaire [18], reflecting the nutritional habits of the past 4
weeks. Daily energy and nutrient intake were calculated using the
PRODI� software and intake of macronutrients was expressed as
percentage of recommended daily intake [19].

2.5. Laboratory measurements
Laboratory tests of safety parameters were performed centrally at the
Institute for Clinical Chemistry at Klinikum Schwabing (Medizet) using
accredited methods. Insulin was measured at the Forschergruppe
Diabetes e.V. using the Mercodia Ultrasensitive Insulin ELISA (Uppsala,
Sweden). Proinsulin was measured with a quantitative ELISA (Teco-
Medical, Sissach, Switzerland), and glucose-dependent insulinotropic
polypeptide (GIP) and GLP-1 were measured with ELISAs (Merck KGaA,
Darmstadt, Germany) according to the manufacturer’s instructions.

2.6. Anthropometric measurements
Anthropometric data were collected by trained staff using standardized
protocols. Maternal weight and height were measured in light clothes
and without shoes and were used to calculate body mass index (BMI).
en access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/). 169
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Waist circumference was measured at the highest point of the iliac
crest. Hip circumference was measured at the level of maximum
extension of the buttocks.

2.7. Questionnaire data
Age at baseline, race, family history of diabetes, smoking behavior, and
lactation duration were obtained during the baseline visit. Gestational
age, child’s birth weight, and delivery mode were obtained from the
paediatricians’ records.

2.8. Efficacy assessment
The primary efficacy outcome was the diagnosis of diabetes according
to the American Diabetes Association (ADA) 1997 criteria [20] or ADA
2012 criteria [21], or the onset of IGT and/or IFG (in accordance with
World Health Organization 2006 guidelines). Women who developed
diabetes according to the (ADA) 1997 criteria were to discontinue
treatment. Secondary efficacy outcomes were markers of b-cell
function; markers of insulin resistance; areas under the
concentrationetime curves for plasma glucose, GLP-1, and GIP;
HbA1c; BMI; waist-to-hip ratio; and blood pressure. The diagnostic
criteria and calculation of indices/ratios are described in the supple-
mentary materials.

2.9. Safety parameters
Safety parameters included laboratory tests (alanine aminotransferase,
aspartate aminotransferase, g-glutamyl transpeptidase, alkaline
phosphatase, bilirubin, blood cell counts, creatinine, creatine kinase,
sodium, potassium, urea, uric acid, urine protein), pulse rate, and
pregnancy tests at baseline, and at 3, 6, 9, 12, 18, 24, 30, and 36
months. We also documented adverse events and concomitant
medications.

2.10. Protocol changes
The trial protocol was amended with respect to the eligibility criteria
(the maximum time between delivery and randomization was
increased from 7 months to 9 months), the vildagliptin dose regimen
(from 100 mg once daily to 50 mg twice daily), a change to diagnostic
criteria (use of the ADA 2012 criteria [21] as an alternative primary
efficacy outcome), the inclusion of IGT and/or IFG as additional efficacy
outcomes, and the decision to perform an interim (futility) analysis in
November 2015.

2.11. Statistical analyses
The primary efficacy variables (diabetes according to ADA 1997 and
2012 criteria, as well as IGT/IFG as a combined variable) were
compared between the treatment groups using the KaplaneMeier
method and the log-rank test, as well as hazard ratios (HRs) deter-
mined by Cox proportional hazards regression. Participants who dis-
continued treatment due to a new pregnancy were censored at the
time of their last follow-up. For secondary efficacy outcomes and
lifestyle variables, the median and interquartile range were calculated
for each visit, and the changes in each variable from baseline to each
visit were compared between the two groups using the Wilcoxon
signed-rank test. The primary and secondary outcomes were analyzed
according to the intention-to-treat (ITT) principle for all randomized
patients who had taken at least one dose of study drug and had some
post-baseline data for the primary efficacy parameters. Safety labo-
ratory variables were presented as the median with interquartile range,
together with the number and percentage of participants with values
outside normal range, which were compared between the two groups
using Fisher’s exact test. The numbers of women with and without
170 MOLECULAR METABOLISM 9 (2018) 168e175 � 2018 The Authors. Published by Elsevier GmbH. Thi
adverse events likely related to the study drug were compared be-
tween the two group groups using the c2 test. Demographic,
anthropometric, and metabolic variables at baseline were compared
using the ManneWhitney U-test or the c2 test. Missing data were not
imputed, unless the value of a secondary outcome variable or safety
variable was missing at screening, in which case the baseline value
was used instead, or vice versa (as appropriate).
All analyses were performed on a significance level of a ¼ 0.05 (two-
sided) without correction for multiple testing, and were carried out
using SAS version 9.4 (SAS Institute, Cary, NC, USA).

3. RESULTS

3.1. Participants
Of 155 women screened between 2008 and 2015, 113 were allocated
to treatment within 2.2e10.4 (median 8.6) months after delivery,
including 58 women to vildagliptin (median age at baseline visit: 35.8
years) and 55 to placebo (median age at baseline visit: 33.1 years). The
median duration of follow-up was 1.92 (range: 0$18e3.31) years and
2.50 (range 0.28e3.27) years in the vildagliptin and placebo groups,
respectively. Of the 113 participants, 15 (13.3%) had no post-baseline
assessment of any outcome variable. Therefore, the number of women
included in the analyses of each primary efficacy outcome ranged from
35 to 48 for vildagliptin and from 39 to 50 for placebo (Supplementary
Figure 1).
When the interim analysis was performed after a trial duration of 7.75
years, 9 women had developed postpartum diabetes (4 by ADA 1997
criteria and 8 by ADA 2012 criteria; one had to be excluded for ADA
2012 outcome analysis due to an HbA1c value >6.5% [48 mmol/mol]
at the baseline visit) and 28 had IFG/IGT. Because the rate of diabetic
events was lower than anticipated, the study was deemed under-
powered for assessing the null hypothesis and was terminated at the
recommendation of the Data Safety Monitoring Board. By then, 63 of
the 113 participants (54.0%; 30 in the vildagliptin group and 33 in the
placebo group) had received the intervention for 24 months, and 45
participants (38.1%; 20 in the vildagliptin group and 25 in the placebo
group) had completed the 36-month study period. Of the 50 women
who discontinued the study or were lost to follow-up during the
treatment period, six in the vildagliptin group and three in the placebo
group did so because of a new pregnancy, while two in the vildagliptin
group and one in the placebo group discontinued because they
developed diabetes according to the ADA 1997 criteria (study
endpoint). In the vildagliptin arm, a further patient lacked the second
confirmation of diabetes as required by the ADA 1997 criteria.
Both groups were similar in terms of their demographic, anthropo-
metric, and metabolic variables, including age and BMI at baseline,
race, family history of diabetes, delivery mode, HbA1c in the last
trimester and at baseline, and fasting plasma glucose at baseline. Both
groups were also similar in terms of their lifestyle behavior at baseline
(Supplementary Table 1).

3.2. Development of postpartum diabetes
Figure 1 shows the KaplaneMeier curves for the development of
diabetes based on the ADA 1997 (Figure 1A) and ADA 2012 (Figure 1B)
criteria. The cumulative probability of developing postpartum diabetes
according to ADA 1997 criteria at 24 months after randomization was
5% (95% confidence interval [CI]: 1e20%) and 3% (95% CI: 0e17%)
in the vildagliptin and placebo groups, respectively. The HR for vilda-
gliptin relative to placebo yielded 1.03 (95% CI: 0.15e7.36). When
using the ADA 2012 criteria, the cumulative probability of postpartum
diabetes after 24 months was 7% (95% CI: 2e21%) and 13% (95% CI:
s is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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6e28%) in the vildagliptin and placebo groups, respectively (HR: 0.59;
95% CI: 0.14e2.47).

3.3. Development of postpartum IFG/IGT
Seventy-four participants were included in the analysis of the devel-
opment of IFG and/or IGT. The cumulative probability of IFG and/or IGT
developing within 24 months after randomization was lower in the
vildagliptin group than in the placebo group (22% [95% CI: 11e41%]
vs 43% [95% CI: 28e63%]; Figure 2). However, this association was
not statistically significant (HR: 0.55; 95% CI: 0.26e1.19).

3.4. Secondary outcomes
The secondary efficacy outcomes are presented in Figures 3 and 4.
Women in the vildagliptin group started with a significantly higher
insulinogenic index at screening/baseline (p ¼ 0.02), but also expe-
rienced a significantly greater change between baseline and 24
months after randomization (p ¼ 0.03) compared with the placebo
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Figure 1: Cumulative probability of developing postpartum diabetes according to the
1997 ADA criteria (A) and 2012 ADA criteria (B) in women with a recent history of
insulin-requiring GDM treated with 50 mg vildagliptin or placebo twice daily.
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group. However, there were no significant differences between the two
groups in the other markers of b-cell function at baseline or during the
follow-up (Figure 3A). Similarly, there were no significant differences in
the screening/baseline values or the changes from baseline in markers
of insulin resistance, including fasting insulin, HOMA insulin resistance
or insulin-sensitivity index (Figure 3B). Regarding other efficacy
measures, the vildagliptin group appeared to experience a reduction in
HbA1c from screening/baseline to 12e30 months after randomization
(Figure 4), which was statistically significant at 18 months (p ¼ 0.02),
but not at 12, 24, or 30 months (p � 0.07). There also seemed to be a
trend towards lower values of BMI and blood pressure in the vilda-
gliptin group, but the changes in these values from screening/baseline
were not significant at any time-point (Figure 4).

3.5. Safety
Supplementary Table 2 shows the incidences of all adverse events that
occurred in a frequency of more than 1% of all observed adverse
events in either treatment group. No significant differences could be
observed in the frequency of adverse events between the treatment
groups. There was one serious adverse event (lipase increased), which
has been related to vildagliptin treatment in a previous study [22], and
led to discontinuation of treatment. This serious adverse event
occurred in one woman in the vildagliptin group, who was found to
have small gallstones, typical of cholelithiasis, on ultrasound. There-
fore, the elevated lipase levels were probably related to bile duct
obstruction in this woman. No other drug related serious adverse
events were observed. We observed no significant differences between
the two groups in the frequencies of laboratory safety parameters
outside their respective normal ranges or outside 3x upper level of
normal values, except for greater numbers of bilirubin levels above the
normal range in the vildagliptin group and of triglyceride levels in the
placebo group (Supplementary Table 3).

3.6. Lifestyle adherence
Adherence to lifestyle counseling is shown in Supplementary Figure 5.
Physical activity (daily step count) and dietary intake of total energy,
macronutrients, and fiber were similar in both groups throughout the
study, and did not change significantly between baseline and 24
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Figure 2: Cumulative probability of developing postpartum impaired fasting glucose
(IFG) and/or impaired glucose tolerance (IGT) in women with a recent history of insulin-
requiring GDM treated with 50 mg vildagliptin or placebo twice daily.
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Figure 3: Markers of b-cell function (A) and insulin resistance (B) in women with a recent history of insulin-requiring GDM treated with 50 mg vildagliptin or placebo twice daily.
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glucose tolerance test; SMC ¼ standard meal challenge. HOMA-IR ¼ homeostatic model assessment of insulin resistance; ISI ¼ insulin-sensitivity index.
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Figure 4: Other efficacy measures (glucose, HbA1c, GLP-1, GIP, BMI, waist-to-hip ratio, and blood pressure) in women with a recent history of insulin-requiring GDM treated with
50 mg vildagliptin or placebo twice daily. The efficacy variables were measured at baseline/screening and up to 36 months after randomization. Results are shown as the median
(interquartile range). AUC ¼ area under the curve; GIP ¼ glucose-dependent insulinotropic polypeptide GLP-1 ¼ glucagon-like peptide-1; HbA1c ¼ hemoglobin A1c; OGTT ¼ oral
glucose tolerance test; SMC ¼ standard meal challenge. HbA1c is expressed in %: 6.2% convert to 44 mmol/mol and 5.1% convert to 31 mmol/mol. BMI ¼ body mass index.
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months after randomization (p ¼ 0.45 for steps/day and p ¼ 0.14 for
energy intake/day).

4. DISCUSSION

This study did not show significant superiority of administration of
vildagliptin over placebo in the early post-delivery period in terms of
reducing the risk of postpartum diabetes or abnormal glucose toler-
ance in women who required insulin to treat GDM. Likewise, variables
related to glycemic control, insulin resistance, and b-cell function were
not significantly different between the two treatment groups, although
one could argue that vildagliptin promoted improvements in these
variables relative to placebo. However, the study was terminated early
as an interim analysis revealed that the number of diabetic events was
considerably lower than anticipated and that the study was thus
underpowered.
Despite that the study is not conclusive, it identified the critical issues
in performing clinical trials in the early postpartum period in women
with GDM hampering efficacy assessments.
The cumulative probability of developing postpartum diabetes in
women with prior insulin-requiring GDM was 37% in the first 9 months
postpartum in our previous GDM cohort [6], while in the present study,
we excluded women who developed diabetes between delivery and the
screening visit, which was conducted at a median of 8 months after
delivery due to the contraindication to give vildagliptin during lactation.
Because we excluded women with rapid progression to diabetes, our
study might not reflect the true incidence of postpartum diabetes in
women with prior GDM.
We must also acknowledge possible limitations of the study design,
including the difficulty in recruiting the desired sample size. Based on
our experience, only approximately 30% of women with GDM require
insulin during pregnancy, which limits the potential population of
eligible participants. Additionally, there was a relatively high discon-
tinuation rate; it is possible that some women developed diabetes, IGT,
or IFG after discontinuation. Finally, the study did not include a mo-
lecular mechanistic part to elucidate potential disease related
pathways.
Several recent studies have provided evidence to suggest that lifestyle
interventions may reduce the risk of postpartum diabetes in women
with prior GDM [23,24]. Both groups in our study received intensive
diet and exercise interventions throughout the trial. This may have led
to an overall reduction in the number of diabetic events thereby con-
founding efficacy assessments.
Although some studies have investigated pharmacological in-
terventions to prevent the progression of pre-diabetes [8,25], we are
aware of only two such studies in women with prior GDM and neither
enrolled women in the early post-delivery period to prevent postpartum
diabetes. One study, the TRIPOD study [8], assessed the efficacy of
troglitazone compared with placebo for the prevention of postpartum
diabetes in 266 women with a history of GDM who were enrolled up to
4 years after delivery. In that study, the incidence of diabetes was
reduced by 50% in the troglitazone group. However, the study was
terminated early because troglitazone was removed from the market
after reports of severe adverse events. The Diabetes Prevention Pro-
gram [9] investigated the impact of intensive lifestyle interventions and
metformin on the incidence of diabetes in people with elevated BMI,
IGT and elevated fasting glucose, including 350 women with a history
of GDM. In that study, participants were randomized to treatment at a
mean of 12 years after delivery. Among women with prior GDM, the
progression to diabetes was 35% lower in the intensive lifestyle
intervention group and 40% lower in the metformin group compared
174 MOLECULAR METABOLISM 9 (2018) 168e175 � 2018 The Authors. Published by Elsevier GmbH. Thi
with placebo suggesting that metformin may have a similar efficacy
compared to intensive lifestyle interventions for reducing the risk of
postpartum diabetes. Unlike the TRIPOD and Diabetes Prevention
Program, we found no significant benefit of the study drug (in our case
vildagliptin).
In addition to assessing the efficacy of vildagliptin, we also examined
its safety in terms of adverse events and laboratory variables in this
cohort of women. The safety data, including the types of adverse
events, were generally consistent with the results of clinical trials of
vildagliptin [26,27] and suggest that there are no significant safety
concerns associated with administering vildagliptin at a dose of 50 mg
twice daily in this cohort of women.
In conclusion, in our study, administration of vildagliptin did not ach-
ieve a significant reduction in the risk of postpartum diabetes
compared with placebo in women with prior insulin-requiring GDM at
the time of the interim analysis. However, our study identified the
critical issues in performing clinical trials in the early postpartum
period in women with GDM hampering efficacy assessments. These
included 1) slow enrollment, 2) high rates of discontinuation, 3) later
than planned enrollment of participants because vildagliptin was
contraindicated during lactation leading to the exclusion of women who
developed diabetes before randomization and 4) the combination with
active life style intervention reducing overall diabetes rates. Our
experience in this study highlights the challenges encountered in
studies of women with GDM. We believe that with this study we have
set a basis for which properly powered trials could be performed in
women with recent GDM.
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