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he consequences of hyperglycemia
appearing during pregnancy were
well described in 1917, when Elliot
P. Joslin described Case 309, which
“showed sugar in 1897 during pregnancy,
but following confinement, with resulting
dead baby, it disappeared, but returned in
9 years in the form of moderate to severe
diabetes. . . . [W]ith our present knowledge, it is quite possible that such an outcome could be prevented by active
treatment of the glycosuria from the very
start” (1). Subsequently, O’Sullivan and
Mahan’s definition of gestational diabetes
mellitus (GDM) in 1964 was a formal recognition of the mother’s increased risk of
future development of diabetes (2). They
defined GDM if a pregnant woman undergoing a 3-h 100-g oral glucose tolerance
test had glucose values exceeding 2 SDs
above the mean on two of the four values.
This landmark study described a population of pregnant women with a lifetime
risk of diabetes exceeding 70% (3). Multiple studies worldwide have demonstrated a broad ethnic and geographic
distribution of GDM, but all studies share
the increased risk of subsequent diabetes
after delivery (4).
PREVALENCE OF DIABETES
AFTER GDM — Assessment of diabetes risk postpartum is influenced by the
criteria used to define GDM, the testing
undertaken postpartum, and the length of
follow-up. Diagnosis of carbohydrate intolerance in the first trimester of pregnancy may reflect the ascertainment of
previously undiagnosed and, presumably, asymptomatic diabetes. Alternatively, pregnancy creates a metabolic

stress that may push a woman with compensated type 1 or type 2 diabetes into a
decompensated hyperglycemic state. Under these circumstances, one would anticipate a high rate of persistent hyperglycemia
in the postpartum state. In fact, the presence of GDM doubles the risk of diabetes
within 4 months postpartum, whereas a
fasting plasma glucose ⬎121 mg/dl during the pregnancy increased the risk 21fold (5).
Differential criteria for diagnosis of
GDM affects the denominator for the assessment of proportion of women affected
(6). Reliance on fasting glucose screens
with failure to perform oral glucose tolerance tests reduces the sensitivity of identifying subsequent diabetes (7). At the
Fifth International Workshop, Kitzmiller
presented data from a multiethnic cohort
further demonstrating the limitations of
the fasting glucose as a screen, with only
34% of impaired glucose tolerance or diabetes being picked up by those women
with impaired fasting glucose levels (J.L.
Kitzmiller, personal communication). As
will be shown subsequently, there does
not appear to be a temporal window for
postpartum diabetes development, but
rather the risk persists, requiring lifelong
evaluation to completely capture the risk
of diabetes.
A systematic review of GDM and ensuing diabetes was published by Kim et al.
(8). The review encompassed 36 years
and included studies that specified the
criteria for the diagnosis of both GDM and
type 2 diabetes and included the risk of
diabetes in women with a history of GDM.
A total of 28 studies met criteria, and together they demonstrate a consistent pat-
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tern of diabetes occurrence over time.
Differences among studies were explained by differential follow-up, ethnicity, and retesting rates. When cumulative
incidence of diabetes is plotted against
follow-up after delivery (Fig. 1), rapid
conversion to diabetes is seen over the
first 5 years, with a slower progression
subsequently.
The Diabetes Prevention Program
(DPP) sought involvement of women
with a history of GDM and impaired glucose tolerance to participate in a longterm diabetes prevention study (9). A
total of 350 women (of 1,810 parous
women randomized) provided a history
of GDM with a mean of 12 years since the
index GDM pregnancy. Women who rapidly transitioned from GDM to type 2 diabetes before entry into the DPP were
excluded from entry, yielding a survival
cohort of high-risk women who had impaired glucose tolerance. Women with a
history of GDM were 8 years younger
than the non-GDM cohort, but were otherwise well matched for ethnicity, parity,
BMI, level of glucose intolerance, or insulin resistance. Even after adjusting for age
(Fig. 2), the women with a history of
GDM in the placebo group had a 74%
increased hazard for developing diabetes
than their non-GDM control subjects
(17.1%/year compared with 9.8%/year
over 3 years, respectively) (10). So, even
temporally removed from the index pregnancy, GDM confers a markedly increased risk for developing diabetes, even
when compared with a comparably glucose-intolerant population.
PREDICTORS OF TYPE 2
DIABETES AFTER GDM — As previously mentioned, fasting plasma glucose is the strongest predictor of early
postpartum development of diabetes (5),
but it also remains the strongest independent predictor of long-term development
of type 2 diabetes in the mother (8). Area
under the oral glucose tolerance test
curve, as well as 1- and 2-h glucose levels,
typically correlate with diabetes risk, as
well.
Once these glycemic parameters are
controlled for in multivariate analysis,
maternal BMI, either before or during
pregnancy, correlated with diabetes risk,
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Figure 1—Cumulative incidence of type 2 diabetes by ethnicity and length of follow-up. Adapted
from Kim et al. (8).

but neither gestational weight gain nor
postpartum BMI remained significant
predictors. Similarly, maternal age, parity
⬍5, prior GDM, or family history of diabetes are not independently associated
with subsequent diabetes in multivariate
analysis when glycemic variables are included (8,11,12). Insulin therapy during
pregnancy frequently predicts subsequent maternal diabetes (13), but may
simply be a reflection of the degree of fasting hyperglycemia. Fetal outcomes have
not been predictive of maternal risk of diabetes.
Although not routinely obtained, assessment of insulin secretion, both during
and after pregnancy, provides the strongest independent predictors of diabetes in
the mother (14,15). Perhaps the best
pathophysiological assessment of predictors of progression to diabetes after GDM
stem from the Troglitazone in Prevention
of Diabetes (TRIPOD) study of Buchanan
et al. (16). Protection from conversion to
type 2 diabetes was conferred by a reduction in insulin resistance, resulting in
large reductions in insulin output. They
concluded that reduction in ␤-cell workload may preserve subsequent ␤-cell
function. This was further explored in the
open-label observational study, Pioglitazone in Prevention of Diabetes (PIPOD),
in which lower glucose levels and higher
acute insulin responses during an intravenous glucose tolerance test were seen in
women remaining diabetes free (17). Independent predictors of diabetes development were the lack of change in insulin

area after the intravenous glucose tolerance test in the first year of follow-up and
the higher the baseline oral glucose tolerance test glucose area.
CURRENT
RECOMMENDATIONS
FOR POSTPARTUM
FOLLOW-UP — At the present time,
the American Diabetes Association on the
basis of expert consensus recommends
that “women with gestational diabetes
should be screened for diabetes 6 weeks
postpartum and should be followed up
with subsequent screening for the development of diabetes or pre-diabetes” (18).

The American College of Obstetrics and
Gynecology (ACOG) makes no specific
recommendation on follow-up other than
to suggest that postpartum testing may be
performed, despite the absence of data
demonstrating a clear benefit (19). Survey
data suggest that 75% of practicing obstetricians who are ACOG fellows routinely
test patients with GDM in the postpartum
state (20); however, a more detailed chart
review revealed far fewer women with
GDM actually receive any glucose follow-up (21). Two-thirds of women with
GDM history underwent some form of
glycemia assessment at a mean of 136
days postpartum. Only 37% underwent
either a fasting glucose or oral glucose tolerance test at a median of ⬃14 months
after delivery.
Recommendations for actual intervention to prevent progression to diabetes
are even less clear. Without clearly specifying GDM as a risk factor, the American
Diabetes Association (18) recommends
the following: 1) individuals at high risk
for developing diabetes need to become
aware of the benefits of modest weight
loss and participating in regular physical
activity, and 2) monitoring for the development of diabetes should be performed
every 1–2 years.
ACOG suggests that “individuals at
increased risk should be counseled regarding diet, exercise, and weight reduction or maintenance to forestall or prevent
the onset of type 2 diabetes” (19).
The National Diabetes Education Program (NDEP) is currently promoting a
GDM Diabetes Prevention Initiative, targeting both providers and women with a

Figure 2—Cumulative incidence of diabetes among the placebo group (adjusted for age in DPP by
history of GDM). Adapted from the Diabetes Prevention Program Research Group (10).
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Type 2 diabetes and previous GDM
Table 1—GDM diabetes prevention initiative from the National Diabetes Education Program
● GDM imparts lifelong risk for diabetes, mostly type 2.
● Modest weight loss and physical activity can delay or prevent type 2 diabetes.
● Offspring can lower risk by eating healthy foods, being active, and not becoming
overweight.
Conservative recommendations to patients include:
● Let health care practitioners know of any history of GDM.
● Get tested 6–12 weeks postpartum, then every 1–2 years.
● Reach prepregnancy weight 6–12 months postpartum.
● If still overweight, lose at least 5–7% of weight slowly, over time, and keep it off.
Adapted from the National Diabetes Education Program (22).

GDM history (22). Key messages are illustrated in Table 1.
The rationale for such recommendations is now being developed from a variety of clinical trials; however, these are
based on clinical expert committee recommendations.
CLINICAL TRIALS
INTERVENING
POSTPARTUM TO PREVENT
OR DELAY DIABETES — O f t h e
six published diabetes prevention clinical
trials, three specifically targeted and analyzed women with a history of GDM. The
TRIPOD study exclusively enrolled
women with prior GDM, regardless of impaired glucose tolerance or normal glucose tolerance (16). Women were obese
(mean BMI 30 kg/m2), with approximately two-thirds with impaired glucose
tolerance at study entry and the rest with
normal glucose tolerance. Randomization
to placebo or troglitazone treatment demonstrated a 55% risk reduction in the development of diabetes in the troglitazone
group from 12.1%/year for placebo to
5.4%/year. The early termination of the
trial, because of the recall of troglitazone
from the market, provided a unique opportunity to assess the durability of the
benefit and to clarify whether hyperglycemia was simply being treated or actually
prevented. With 86% ascertainment at
⬃8 months after discontinuation of the

interventions, incidence rates for diabetes
remained highly significantly different
with a risk reduction for troglitazone therapy of 87% (21.2%/year down to 3.1%/
year). The authors conclude that delay or
prevention, rather than masking, occurred as a result of the active intervention.
With the withdrawal of troglitazone
therapy from the American market, the
issue of comparable response post-GDM
to therapy with other available thiazolidinediones was studied in the observational PIPOD study (17). Women
completing the TRIPOD study without
developing diabetes were invited to participate and were given 30 mg pioglitazone and titrated to 45 mg daily. Over the
subsequent 3 years, the incidence of diabetes was 4.6%/year compared with the
historical observation of 12.1% diabetes
per year in the placebo group of TRIPOD.
Without the concurrent control group,
these data only infer a durable effect of
thiazolidinedione therapy, since they
were comparable to the 3.1%/year incidence seen with troglitazone. PIPOD further substantiated that the protective
effect of thiazolidinediones lies in their capacity to offload the ␤-cell by preventing
the 33% reduction in ␤-cell compensation for insulin resistance seen during
TRIPOD.
The DPP was a multicenter clinical
trial of both men and women with im-

paired glucose tolerance randomized to
receive standard lifestyle intervention and
placebo, metformin therapy, or an intensive lifestyle intervention (9). The population enrolled included a multiethnic
population spanning the age range of
25– 89 years (23). As previously reported
for the cohort as a whole, intensive lifestyle intervention delayed or prevented
the onset of diabetes in 58%, whereas
metformin was successful in 31%, compared with the placebo control group
(24). As previously stated, the women
with a GDM history enrolled in the DPP
were younger, but otherwise comparable
to those women without the GDM history
(10). Despite less weight loss resulting
from intensive lifestyle intervention, the
women with GDM histories had a comparable reduction in the development of diabetes (55%). Metformin therapy was
even more effective in the GDM cohort,
with a 50% risk reduction, compared
with 14% in the non-GDM group. This
latter finding may be explained by the
younger age of those with a history of
GDM and the previously identified relationship between age and metformin response (24).
CONCLUSIONS — In summary, it is
clear that GDM confers a lifelong increased risk for the development of diabetes, and in most cases, this turns out to
be type 2 diabetes. Progression from
GDM to type 2 diabetes correlates with
progressive ␤-cell failure to compensate
for the ongoing insulin resistance. Postpartum follow-up of at-risk women is inadequate, and the recommendations for
screening from ACOG and the American
Diabetes Association are at variance. Consistent recommendations, together with a
professional and public health campaign
to raise the awareness of GDM as a diabetes predictor, will be necessary to improve
postpartum care of women at highest risk.

Table 2—Metabolic assessments recommended after GDM
Time
After delivery (1–3 days)
Early postpartum (around the time of
postpartum visit)
1 year postpartum
Annually
Tri-annually
Prepregnancy

Test

Purpose

Fasting or random plasma glucose
75 gm 2-hr OGTT1

Detect persistent, overt diabetes
Postpartum classification of glucose
metabolism*
Assess glucose metabolism
Assess glucose metabolism
Assess glucose metabolism
Classify glucose metabolism*

75 gm 2-hr OGTT1
Fasting plasma glucose
75 gm 2-hr OGTT1
75 gm 2-hr OGTT1

Reproduced from the Summary and Recommendations of the Fifth International Workshop-Conference on Gestational Diabetes Mellitur (25). OGTT, oral glucose
tolerance test. *Classification of glucose metabolism by criteria recommended by the American Diabetes Association (19).

S244

DIABETES CARE, VOLUME 30, SUPPLEMENT 2, JULY 2007

Ratner
Recommendations for follow-up of GDM
stemming from the Fifth International
Workshop-Conference are elucidated
elsewhere in this publication, but are
summarized in Table 2.
Clinical trials now provide level A evidence for the impact of multiple interventions to prevent the progression to
type 2 diabetes in women with a history of
GDM. Both lifestyle modification and
pharmacological therapies (metformin,
troglitazone, and pioglitazone) have been
shown to reduce diabetes development
by 50% or more. The diagnosis of GDM
should initiate a long-term intervention
and diagnostic process to minimize the
risk of developing diabetes or to diagnose
it as early in the course of disease as possible.
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