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Context: Gestational diabetes (GDM) confers a high risk of type 2 diabetes. In the Diabetes Prevention Program (DPP), intensive lifestyle (ILS) and metformin prevented or delayed diabetes in
women with a history of GDM.
Objective: The objective of the study was to evaluate the impact of ILS and metformin intervention
over 10 years in women with and without a history of GDM in the DPP/Diabetes Prevention Program
Outcomes Study.
Design: This was a randomized controlled clinical trial with an observational follow-up.
Setting: The study was conducted at 27 clinical centers.
Participants: Three hundred fifty women with a history of GDM and 1416 women with previous live
births but no history of GDM participated in the study. The participants had an elevated body mass
index and fasting glucose and impaired glucose tolerance at study entry.
Interventions: Interventions included placebo, ILS, or metformin.
Outcomes Measure: Outcomes measure was diabetes mellitus.
Results: Over 10 years, women with a history of GDM assigned to placebo had a 48% higher risk
of developing diabetes compared with women without a history of GDM. In women with a history
of GDM, ILS and metformin reduced progression to diabetes compared with placebo by 35% and
40%, respectively. Among women without a history of GDM, ILS reduced the progression to diabetes by 30%, and metformin did not reduce the progression to diabetes.
Conclusions: Women with a history of GDM are at an increased risk of developing diabetes. In
women with a history of GDM in the DPP/Diabetes Prevention Program Outcomes Study, both
lifestyle and metformin were highly effective in reducing progression to diabetes during a 10-year
follow-up period. Among women without a history of GDM, lifestyle but not metformin reduced
progression to diabetes. (J Clin Endocrinol Metab 100: 0000 – 0000, 2015)
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history of gestational diabetes (GDM) confers an
increased risk of developing diabetes (1–3). Recognizing this increased risk, the Diabetes Prevention Program (DPP) sought to include women with a history of
GDM and successfully enrolled 350 such participants. In
the first 3-year intervention period of the DPP, the rate of
progression to diabetes in women with a history of GDM
in the placebo group was much higher than in women
without a history of GDM (15.2 vs 8.9 cases per 100 person-years, respectively), despite equivalent fasting and
2-hour postglucose load glucose levels at baseline (2). Intensive lifestyle intervention (ILS) reduced the progression
to diabetes in the DPP cohort as a whole by 58% and
metformin reduced progression by 31%, compared with
placebo (4). In women with a history of GDM, ILS reduced
the incidence of diabetes by 53% and metformin reduced
the incidence by 50%. In women without GDM, ILS had
a similar impact on risk reduction (49%), whereas metformin had a nonstatistically significant risk reduction of
14% compared with placebo (2).
The Diabetes Prevention Program Outcomes Study
(DPPOS) is a long-term follow-up of the DPP participants
to investigate whether the delay in the development of
diabetes observed during DPP is sustained and to assess
the long-term effects of the interventions on health. DPPOS has followed up participants for an additional 7
years, during which time the lifestyle and metformin
groups were encouraged to continue those interventions,
and all participants were offered group lifestyle classes (5).
Herein we report the 10-year risk of diabetes in women
with a history of GDM and in parous women without a
history of GDM based on the original randomized interventions during the DPP.

A
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Participants and Methods
Participants
The DPP and DPPOS design, eligibility, and baseline characteristics have been reported elsewhere (4 – 6). Briefly, the DPP
enrolled 3234 participants with impaired glucose tolerance
(IGT) and fasting blood glucose 95–125 mg/dL (ⱕ125 mg/dL in
the American Indian centers) who were at least 25 years of age
and had a body mass index (BMI) of 24 kg/m2 or higher (ⱖ22
kg/m2 in Asian-Americans). Enrollment began in July 1996 and
ended in May 1999. The mean age at randomization was 51
years and mean BMI was 34 kg/m2. Sixty-eight percent were
women and 45% were members of minority groups (4). The DPP
protocol prespecified recruitment targets and planned hypotheses regarding women with a history of GDM. Participants were
randomly assigned to one of three treatments: placebo, ILS, aiming for a 7% weight loss and 150 minutes or more of moderateintensity physical activity per week, or 850 mg metformin twice
daily. Participants assigned to placebo or metformin received
standard, nonintensive, lifestyle counseling.
Mean follow-up at the end of DPP was 3.2 years. At the end
of DPP, in light of the proven benefits of ILS, all participants were
offered a group-implemented, 16-session lifestyle intervention
during a 1-year bridge period prior to commencement of the
DPPOS. In the DPPOS, all participants, including those originally assigned to placebo, were offered a lifestyle session every 3
months to reinforce weight loss and physical activity goals. Participants originally assigned to ILS were offered two additional
group programs each year, each comprising four sessions. Those
originally assigned to metformin received unmasked metformin
at the same prior dose of 850 mg twice daily.
This analysis focuses on the 350 women with a self-reported
history of GDM and the 1416 women with at least one live birth
without a self-reported history of GDM (Figure 1). Of the 350
women with a history of GDM, 117 (33%) were assigned to ILS,
111 (32%) to metformin, and 122 (35%) to placebo. Among
parous women without a history of GDM, 465 (33%) were assigned to ILS, 464 (33%) to metformin, and 487 (34%) to pla-

Figure 1. Disposition of parous women with at least one live birth, categorized by history of GDM or no history of GDM, in DPP/DPPOS.
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cebo. Two hundred eighty-eight women with a history of GDM
(82%) and 1226 women without a history of GDM (87%) (P ⫽
.04 for percentage follow-up in each group, 2 test) enrolled in
the observational DPPOS for a median additional follow-up of
6 years.

Data and measurements
Outcome assessments during the DPPOS continued at the
same 6-month intervals as in the DPP, with primary outcome
assessments consisting of fasting plasma glucose levels measured
every 6 months and 2-hour, 75-g oral glucose tolerance tests
conducted yearly. Diagnosis of diabetes was based on the American Diabetes Association criteria of fasting plasma glucose of
126 mg/dL or greater or 2-hour plasma glucose of 200 mg/dL or
greater (7) and required confirmation within 6 weeks of the initial test (4). Additional variables assessed for this analysis included standardized weight measurements, BMI, self-reported
activity levels using the Modifiable Activity Questionnaire (8),
adherence to metformin therapy, glucose, glycated hemoglobin
(HbA1c), and insulin levels. Measurement methods for glucose,
HbA1c, and insulin have been previously published (6). Insulin
secretion was estimated by the corrected insulin response: (100 ⫺
30 min insulin)/[30 min glucose ⫻ (30 min glucose ⫺ 70 mg/dL)]
(9, 10).

Statistical analysis
Baseline characteristics were described using percentages for
categorical variables and means ⫾ SD for continuous variables.
Comparisons among groups were performed using the 2 test of
independence for categorical variables and the Student’s t test for
continuous variables.
Cox proportional hazards models were used to assess the
effect of the treatment on the development of diabetes before and
after adjusting for covariates (11). Analyses stratified by the reported history of GDM were performed, and a test of heterogeneity was used to determine whether the effect of the treatment
varied between the subgroups based on GDM history, after adjusting for age at randomization. Because the age ranges of the
women with and without a history of GDM were disparate,
separate post hoc analyses were completed within age groups,
with age groups defined as 25– 44 years, 45–59 years, and 60
years of age or older at the time of randomization. Treatments
were compared within each GDM and age subgroup using the
log-rank test. Similarly, analyses stratified on treatment group
were performed comparing the GDM subgroups within each
treatment.
Mixed-effects models were used to estimate the mean differences over time in body weight within the different treatment
groups in women with and without a history of GDM, adjusted
for the baseline values (12). Generalized estimating equations
were also used to assess the changes over time in the percentages
of participants with adherence to medication in the placebo and
metformin groups in the group of women with a history of GDM
and the group of parous women with no a history of GDM (13).
A value of P ⬍ .05 was considered to be statistically significant, and all tests were two sided. The Statistical Analysis Software (SAS) version 9.2 was used for all analyses (SAS Institute,
Inc).
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Results
Participants
There was a mean 12-year interval from the index
GDM pregnancy in women with a history of GDM entering the DPP. As shown in Table 1, women with GDM
were significantly younger than parous women without a
history of GDM (43.0 ⫾ 7.6 vs 51.1 ⫾ 9.7 y, P ⬍ .001).
This likely reflects recruitment strategies used for women
with a history of GDM, the lack of testing for GDM during
pregnancy in older women, and the fact that older women
with a history of GDM may have already developed diabetes and were thus ineligible for the DPP. Participants
with and without a reported history of GDM were otherwise comparable with respect to BMI, number of live
births, and glycemic indices (fasting glucose, 2 h postchallenge glucose, HbA1c, fasting insulin).
Participant disposition and treatment exposure are outlined in Figure 1. Of the 350 participants with a history of
GDM who enrolled in the DPP, 288 continued in the DPPOS.
Of the 1416 parous women without a history of GDM, 1226
participated in the follow-up study. Women who consented
to participate in the follow-up study were slightly older (50.3
y vs 46.7, P ⬍ .001) and with slightly higher HbA1c values
(5.92% vs 5.82% at baseline, P ⫽ .006) than those who did
not consent to follow in the DPPOS.
Cumulative incidence of diabetes during a 10-year
follow-up period
Figure 2 illustrates the cumulative incidence of diabetes
by study arm in women with (Figure 2A) and without a
history of GDM (Figure 2B) during the study period.
Women assigned to placebo demonstrate a significantly
Table 1. Baseline Characteristics of Parous Women in
DPP/DPPOS

n
Age, y
BMI, kg/m2
Live births
Fasting glucose, mg/dL
Two-hour glucose,
mg/dL
HbA1c, %
Fasting insulin, U/mL
Corrected insulin
response
Ethnicity, n, %
Caucasian
African American
Hispanic
American Indian
Asian American

History of
GDM

No History
of GDM

P
Value

350
43.0 ⫾ 7.6
34.2 ⫾ 6.2
2.61 ⫾ 1.32
105.8 ⫾ 8.4
165.8 ⫾ 18.0

1416
51.5 ⫾ 9.7
34.6 ⫾ 6.8
2.63 ⫾ 1.49
105.2 ⫾ 7.9
164.2 ⫾ 17.0

⬍.001
.379
.794
.246
.118

5.87 ⫾ 0.50
26.7 ⫾ 14.5
0.61 ⫾ 0.40

5.91 ⫾ 0.49
26.3 ⫾ 14.2
0.66 ⫾ 0.42

.105
.616
.065

189 (54)
63 (18)
54 (16)
36 (10)
8 (2)

715 (50)
322 (23)
238 (17)
102 (7)
39 (3)

.110

Results are presented as mean (SD) or n (percentage).
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100 person-years for women without a history of GDM among placebo participants, reflecting cumulative incidence rates of 64.7% and
49.9%, respectively. Adjusted for
age at randomization using a Cox
proportional hazards model, women
with a history of GDM had a 48%
increased risk of developing diabetes
compared with women without a
history of GDM in the placebo group
(P ⬍ .05).
Table 2 summarizes the age-adjusted risk reductions among parous
women with and without a history of
GDM over the 10 years of DPP/DPPOS. Compared with placebo, both
ILS and metformin were effective in
reducing the progression to diabetes
in women with a history of GDM,
with ILS demonstrating a 35.2% risk
reduction and metformin a 40.4%
risk reduction. In parous women
without a history of GDM, ILS was
similarly effective, reducing the risk
of progression to diabetes by 29.7%
compared with placebo. In this
group of parous women without a
history of GDM, metformin produced a nonsignificant risk reduction of only 3.3% compared with
placebo. This contrasts with a
40.4% risk reduction with metFigure 2. Cumulative incidence of diabetes in women with a history of GDM (n ⫽ 350) (A) and
formin in women with a history of
parous women without a history of GDM (B) (n ⫽ 1416) during the 10-year study period.
GDM (P ⫽ .02 for test of heterogeneity). These findings were congreater risk of developing diabetes compared with the
other two groups. The incidence of diabetes during the firmed by modeling, which demonstrated a significant in10-year follow-up period was 11.4 per 100 person-years teraction between treatment group and history of GDM
for women with a history of GDM compared with 6.9 per status (P ⬍ .0001).
Table 2. Age-Adjusted Effects of Intensive Lifestyle Intervention and Metformin on Diabetes Progression in Women
With or Without a History of Gestational Diabetes Within the DPP/DPPOS
Placebo

Incidence of diabetes (number of cases per 100 person-years)a
Reduction in incidence (compared with placebo)a
Number needed to treat (to prevent one case in 10 y compared with placebo)a
a

GDM

No
GDM

11.4b

6.9

Metformin

Lifestyle

GDM

No
GDM

GDM

No
GDM

6.8
40.4c
7.2

6.7
3.3
48.8

7.6
35.2c
11.3

4.9
29.7c
9.9

Adjusted for age.

b

P ⬍ .05 compared with non-GDM group.

c

P ⬍ .05 compared with placebo.
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uals than older individuals could in part explain the differential effect of metformin in the two comparator
groups. In women 25– 44 years old at randomization with
a history of GDM (n ⫽ 218), both ILS and metformin
showed a positive nonsignificant pattern of reducing the
risk of progression to diabetes compared with placebo
[34% (95% confidence interval [CI] ⫺5, 58) and 37%
(95% CI:⫺2, 61), respectively]. Women 25– 44 years of
age without a history of GDM (n ⫽ 352) showed no pattern of response to either ILS or metformin compared with
Post hoc analyses
Ages of the two comparator groups, women with vs placebo [8% (95% CI ⫺36%, 38%) vs 11% (95% CI
without a history of GDM, were significantly different and ⫺34%, 41%) risk reduction, respectively] (Figure 3). In
only minimally overlapping (mean ages 43 vs 52 y, re- women 45–59 years of age at randomization with a hisspectively, P ⬍ .001). Post hoc analyses by age were thus tory of GDM (n ⫽ 121), both ILS and metformin produced
performed to evaluate differences in effects of metformin similar positive, nonsignificant patterns of reduced risk of
in these two groups. We hypothesized that the different progression to diabetes compared with placebo [40%
effects of metformin by age in the DPP cohort as a whole, (95% CI ⫺15%, 69%) and 44% (95% CI ⫺7%, 71%),
with metformin being more effective in younger individ- respectively], whereas only ILS showed this pattern in
women without a history of GDM
(n ⫽ 791) (Figure 4). There were too
few women 60 years of age and older
at baseline with a history of GDM
(n ⫽ 11) to evaluate. In women in
this age group without a history of
GDM (n ⫽ 273), ILS reduced progression to diabetes [41% (95% CI
⫺1%, 66%)]. However, women in
this age group responded less well to
metformin than placebo [risk increase of 69% (95% CI ⫺171%,
⫺5%)].
We then evaluated whether the
differences in treatment effects between women with a history of
GDM and women without a history
of GDM were mediated by weight
change or adherence to metformin.
Patterns of weight change in response to the treatment interventions were similar in the two groups,
with the greatest weight change seen
with intensive lifestyle intervention,
followed by metformin and then placebo (Figure 5). Mean weight change
and mean BMI changes over time
were not different for placebo or
metformin groups but did show a
difference in the ILS group, with
non-GDM women losing more
weight than women with a history of
GDM (Figure 5). Adjusted compliFigure 3. Cumulative incidence of diabetes in women with a history of GDM ( (A) n ⫽ 218) and
ance to metformin averaged 77%
parous women without a history of GDM (B) (n ⫽ 352) 25– 44 years of age.
Number-needed-to-treat estimations were also performed. Seven and 11 women with a history of GDM and
other high-risk DPP characteristics would have to be
treated with metformin and lifestyle, respectively, to prevent one case of diabetes over 10 years; similarly, 10 parous women with IGT and no history of GDM would have
to be treated with lifestyle to prevent one case of diabetes
over 10 years (Table 2).

The Endocrine Society. Downloaded from press.endocrine.org by [${individualUser.displayName}] on 02 March 2015. at 10:50 For personal use only. No other uses without permission. . All rights reserved.

6

Aroda et al

Ten-Year Follow-Up of GDM in DPP/DPPOS

J Clin Endocrinol Metab

(SEM 0.39); and no GDM, age 60⫹
years: 0.58 (SEM 0.38).

Discussion
The high risk of type 2 diabetes has
been well documented in women with
a history of GDM (1–3, 14). One
meta-analysis estimated a relative risk
of 4.69 within the first 5 years after
delivery and 9.34 after 5 years in developing type 2 diabetes after GDM,
compared with those with a normoglycemic pregnancy (15). Another
systematic review also found a rapid
increase in the cumulative incidence of diabetes occurring in the
first 5 years after delivery in women
with a history of GDM, with a plateau after 10 years (3).
The cohort of women with GDM
enrolled in the DPP had a mean age
of 43 years with a mean interval of 12
years from the index GDM pregnancy, suggesting that this study
may have excluded the highest risk
women with GDM who already progressed to diabetes. Furthermore, it
is possible that the non-GDM group
included some women with undiagnosed GDM during pregnancy beFigure 4. Cumulative incidence of diabetes in women with a history of GDM (A) (n ⫽ 121) and
cause they may have delivered offparous women without a history of GDM (B) (n ⫽ 791) 45–59 years of age.
spring during a time when universal
testing for GDM was not standard of
care. The possible exclusion of those
during the 10-year follow-up period and was comparable
between women with or without a history of GDM. at highest risk and the inclusion of those who perhaps had
Hence, the diminished impact of intervention, particularly undiagnosed GDM in the non-GDM arm would have biof metformin, in women without a history of GDM was ased the results toward the null hypothesis, yet we were
not explained by weight change or adherence to met- still able to see a substantial risk of diabetes in women with
a history of GDM over the long term and a remarkable
formin by treatment group.
Finally, we explored corrected insulin response as a effect of the interventions.
In the initial 3-year intervention period of the DPP,
marker of endogenous insulin secretion to see whether this
could potentially contribute to a difference in response to women with a history of GDM had a 71% higher risk of
treatments between women with a history of GDM and development of diabetes compared with parous women
those without a history of GDM. Evaluation of corrected without a history of GDM (2). Here we have shown that
insulin response showed that younger women (aged in the long-term follow-up of the DPP/DPPOS, in women
25– 44 y) without a history of GDM had the highest insulin with a history of GDM, the risk of progression to diabetes
secretion at baseline: corrected insulin response 0.78 remained high (11.4%/y) through 10 years after random(SEM 0.50); GDM, age 25– 44 years: 0.63 (SEM 0.43); ization into DPP/DPPOS, compared with women without
GDM, age 45–59 years: 0.58 (SEM 0.35); GDM, age 60⫹ GDM whose diabetes incidence rate through 10 years was
years: 0.53 (SEM 0.26); no GDM, age 45–59 years: 0.64 6.9%/y. Moreover, this observational follow-up high-
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Finally, our finding of the relative
lack of effectiveness of metformin in
women who did not have a history of
GDM was curious. Several possible
explanations were explored. First,
age-based analyses showed no benefit of metformin in any age group of
women without a history of GDM
(25– 44, 45–59, or ⱖ 60 y). In fact,
metformin was less effective than
placebo in the oldest age group. Second, this finding was unique to
women because metformin was effective in young men (17). Evaluation of endogenous insulin secretion
at baseline measured using corrected
insulin response suggests that
younger women (aged 25– 44 y)
without a history of GDM had the
highest insulin secretion at baseline
[corrected insulin response 0.78
(SEM 0.50)], suggesting potentially
lower risk at baseline in this subgroup compared with the other subgroups: GDM, age 25– 44 years:
0.63 (SEM 0.43); GDM, age 45–59
years: 0.58 (SEM 0.35); GDM, age
60⫹ years: 0.53 (SEM 0.26); no
GDM, age 45–59 years: 0.64 (SEM
0.39); no GDM, age 60⫹ years: 0.58
(SEM 0.38).
Figure 5. Change in weight over time in women with a history of GDM (n ⫽ 350) (A) and
parous women without a history of GDM (B) (n ⫽ 1416) by intention to treat.
In our cohort, the risk of progression to diabetes in younger women
without a history of GDM was relights the persistent long-term benefits of ILS in high-risk
markably
lower
compared
with the study cohort as a
women with or without a history of GDM, with risk rewhole
and
the
comparison
group
of women with a history
ductions of 35% and 30% seen 10 years after the initial
intervention randomization, comparable with the 34% of GDM (Figure 2). To illustrate, the 3-, 5-, and 10-year
risk reduction seen in the entire DPP/DPPOS cohort at 10 cumulative incidence of diabetes in the placebo group in
years (5). The effectiveness of metformin in women with the entire DPP/DPPOS cohort was 30.3%, 38.6%, and
a history of GDM seen was also demonstrated in this fol- 55.2%, respectively, and in the age 25– 44 years GDM
low-up study, with a 40% risk reduction compared with population was 40.5%, 49.4%, and 66.8%, respectively,
placebo. To put this into context, the overall risk reduc- in contrast to 25.1%, 32.2%, and 50.4%, respectively, in
tion with metformin was 18% in the entire DPP/DPPOS younger women without a history of GDM.
In summary, in the DPP/DPPOS, women with elevated
cohort at 10 years, suggesting that the GDM population is
BMI,
elevated fasting glucose, impaired glucose tolerance,
a particularly high risk population amenable to metformin
treatment. In addition, metformin was not effective at re- and a history of GDM had a marked increased risk of short
ducing progression to diabetes in women without GDM, (3 y) and long-term (10 y) development of diabetes comsimilar to what was reported in the initial 3-year report of pared with parous women without a history of GDM who
this population (2). Comparably and of note, previous entered the DPP with a similar baseline degree of glucose
analyses showed no significant effect of metformin on the intolerance. Intensive lifestyle intervention or metformin
development of metabolic syndrome in women while was highly effective in reducing progression to diabetes
showing a significant impact in men (16).
during the 10-year follow-up period of the DPP/DPPOS.
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Interestingly, among women without a history of GDM,
metformin was not effective in reducing progression to
diabetes, confirming the trend noted after 3 years of
follow-up.
Effects of lifestyle were also sustained during this 10year follow-up period in women with IGT without history
of GDM. We estimate that seven and 11 women with a
history of GDM and other high-risk DPP characteristics
would have to be treated with metformin and lifestyle,
respectively, to prevent one case of diabetes over 10 years;
similarly, 10 parous women with IGT and no history of
GDM would have to be treated with lifestyle to prevent
one case of diabetes over 10 years. We conclude that
women with elevated BMI, elevated fasting glucose, impaired glucose tolerance, and a history of GDM are at
increased short- and long-term risk of developing diabetes,
and this risk can be reduced substantially with either lifestyle intervention or metformin.
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