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Summary
Gestational diabetes mellitus (GDM), which has traditionally been defined as glucose intolerance of varying severity
with first onset in pregnancy, is rising in prevalence with maternal hyperglycemia currently affecting one in every
six pregnancies worldwide. Although often perceived as a medical complication of pregnancy, GDM is actually a
chronic cardiometabolic disorder that identifies women who have an elevated lifetime risk of ultimately developing
type 2 diabetes and cardiovascular disease. In identifying high-risk women early in the natural history of these condi-
tions, the diagnosis of GDM raises the tantalizing possibility of early intervention and risk modification. However,
before such promise can be realized in practice, a series of clinical challenges/obstacles (reviewed herein) must be
overcome. Ultimately, the coupling of this life course perspective of GDM with concerted efforts to overcome these
challenges may enable fulfilment of this unique opportunity for the primary prevention of diabetes and heart disease
in women.
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Introduction
Gestational diabetes mellitus (GDM) has traditionally
been defined as any degree of glucose intolerance
with onset or first recognition during pregnancy,
though it is now recognized that this definition does
not appropriately differentiate between women with
pre-existing diabetes that was not identified before
pregnancy (i.e. diabetes in pregnancy (DIP)) and
those with hyperglycemia detected on routine ante-
partum testing (typically in late 2nd trimester) that
does not meet the diagnostic criteria for DIP (i.e.
GDM).1 Importantly, the International Diabetes Fed-
eration estimated that maternal hyperglycemia
affected one in every six pregnancies globally in
2019.2 Largely reflecting the rising prevalence of
GDM, this trend is being driven by multiple factors
including both rising rates of maternal overweight/
obesity and greater appreciation of the clinical
*Corresponding author at: Leadership Sinai Centre for Diabe-

tes, Mount Sinai Hospital, University of Toronto, 60 Murray

Street, Suite L5-025, Mailbox-21, Toronto, Ontario M5T 3L9,

Canada.

E-mail address: ravi.retnakaran@sinaihealth.ca

(R. Retnakaran).

www.thelancet.com Vol 45 Month March, 2022
importance of screening pregnant women for hyper-
glycemia.3 Indeed, though protocols and diagnostic
criteria vary between jurisdictions and even between
centres within a jurisdiction, the screening of preg-
nant women for GDM represents the only situation
in current clinical practice in which population test-
ing for diabetes is performed. While the optimal
approach to this screening remains a topic of ongo-
ing debate (as discussed later in this review), the
importance of identifying GDM is widely accepted,
owing to the immediate obstetrical and neonatal
implications of the diagnosis.3 Moreover, although it
is considered a medical complication of pregnancy,
the diagnosis of GDM also carries long-term implica-
tions for both mother and child that extend well
beyond gestation.4 Notably, since GDM identifies
women who have an elevated lifetime risk of devel-
oping type 2 diabetes (T2DM) and cardiovascular dis-
ease,5−7 this diagnosis provides a potential
opportunity for primary prevention of these condi-
tions early in their natural history. In this review, we
will consider current understanding of this unique
opportunity and the clinical challenges that will need
to be overcome before its potential benefit can be
fully realized in practice.
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Immediate implications of GDM in pregnancy
Human pregnancy is characterized by a progressive
decline in maternal insulin sensitivity from mid-gesta-
tion onwards, which partly serves to support nutrient
supply to the fetus. In response to this insulin resis-
tance of the latter half of gestation, the pancreatic beta-
cells must increase their secretion of insulin for glucose
homeostasis to be maintained. Women who develop
GDM have a chronic defect in beta-cell function that
typically first comes to clinical attention through the
maternal hyperglycemia that arises because of their
inability to fully compensate for the challenge posed by
the insulin resistance of late pregnancy (Figure 1).8,9

Screening for GDM has thus become a standard compo-
nent of obstetrical care because of the clinical implica-
tions of maternal hyperglycemia. Specifically, maternal
hyperglycemia leads to fetal hyperglycemia which, in
turn, stimulates fetal insulin secretion. Since insulin
has anabolic effects in addition to its metabolic activity,
fetal hyperinsulinemia can promote excessive growth.
The resultant fetal overgrowth can contribute to a host
of adverse neonatal outcomes including macrosomia,
shoulder dystocia, birth injury, prematurity, perinatal
mortality, and need for Caesarean section.3 Notably, the
Hyperglycemia and Adverse Pregnancy Outcomes
(HAPO) Study showed that there are continuous associ-
ations between maternal glycemia and both (i) adverse
outcomes (including need for primary Caesarean deliv-
ery, premature delivery, shoulder dystocia or birth
Figure 1. Schematic showing the life course perspective of insulin
GDM. Specifically, women with GDM have a chronic beta-cell defe
pregnant, insufficient beta-cell compensation for the insulin resista
which GDM is identified. Upon delivery and abatement of the insuli
the ongoing deterioration of beta-cell function leads to rising glycem
for diabetes.
injury, pre-eclampsia, neonatal hypoglycemia, neonatal
hyperbilirubinemia, and need for neonatal intensive
care) and (ii) clinical consequences of maternal glyce-
mia that contribute to these associations − namely fetal
overgrowth (i.e. birthweight above the 90th percentile)
and fetal hyperinsulinemia (as evidenced by cord-blood
serum C-peptide above the 90th percentile).10 These
data support the rationale for glucose-lowering therapy
as a focus of clinical management in women who are
diagnosed with GDM. Indeed, controlling maternal gly-
cemia has been shown to reduce fetal overgrowth and
the incidence of adverse obstetrical/neonatal outcomes
in women with GDM.11,12 Thus, current clinical man-
agement of GDM focuses on glucose-lowering therapy
consisting of lifestyle modification (targeting diet and
physical activity) followed by pharmacotherapy (typically
exogenous insulin), if needed.
Future health implications of GDM after
pregnancy
While antepartum glucose-lowering therapy focuses on
reducing immediate obstetrical and neonatal risks asso-
ciated with GDM, there are also long-term implications
to consider for both child and mother. Notably, the off-
spring of GDM pregnancies have an increased preva-
lence of overweight/obesity, dysglycemia, dyslipidemia
and metabolic syndrome in childhood.13−15 This
resistance, beta-cell function, and glycemia in a woman with
ct that leads to rising glycemia even before pregnancy. When
nce of the latter half of gestation yields the hyperglycemia by
n resistance of pregnancy, glycemia initially improves. However,
ia over time that may ultimately reach the diagnostic threshold
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propensity for metabolic dysfunction that links mother
and child may be the consequence of multiple elements
including (i) shared genetic factors, (ii) the home envi-
ronment and associated lifestyle, and (iii) fetal exposure
to the altered intrauterine environment of the GDM
pregnancy, which potentially may program adverse
developmental pathways as per the Developmental Ori-
gins of Health and Disease (DOHaD) paradigm.16−20

Moreover, evidence to date suggests that current ante-
partum treatment of GDM does not reduce these future
risks in the offspring21,22 and it remains uncertain
whether non-insulin pharmacologic therapy for GDM
(such as glyburide or metformin) could even have dele-
terious effects on the offspring that might emerge dur-
ing childhood.23

After delivery, the insulin resistance of pregnancy
abates such that blood glucose levels typically return to
the normal range in women who had GDM (Figure 1),
thereby obviating the need for ongoing glucose-lowering
therapy. While the observed transient hyperglycemia
that is limited to gestation may support perception of
GDM as strictly a medical complication of pregnancy,
the glycemic implications of this diagnosis actually
extend well beyond gestation. Specifically, the beta-cell
defect that yields insufficient compensation for the
insulin resistance of pregnancy is both chronic and pro-
gressive in nature. Accordingly, women who develop
GDM typically experience progressive worsening of
beta-cell function in the years after the index pregnancy,
resulting in rising glycemia over time that can lead to
pre-diabetes and T2DM (Figure 1).24−27 This deteriora-
tion of beta-cell function, which may be further exacer-
bated by the secretory demands placed by chronic
insulin resistance, is the pathophysiologic basis for the
elevated lifetime risk of T2DM in women with a history
of GDM. Indeed, compared to their peers, women who
develop GDM have a 7- to 10-fold higher risk of pro-
gressing to T2DM in the years thereafter.5,6 This strik-
ing potency of GDM as a predictor of future T2DM
reflects the shared pathophysiology (beta-cell dysfunc-
tion) underlying both conditions. Similarly, since any
degree of beta-cell dysfunction may compromise appro-
priate compensation for the insulin resistance of preg-
nancy, even mild degrees of gestational glycemia
predict future risk of T2DM.27−29 Women with such
mild dysglycemia in pregnancy include those with an
abnormal screening glucose challenge test (GCT) but a
normal oral glucose tolerance test (OGTT) and those
with mild abnormalities on the OGTT that do not meet
the thresholds of certain GDM diagnostic criteria.27−29

Thus, any degree of beta-cell dysfunction and resultant
dysglycemia in pregnancy identifies future risk of
T2DM.

In the past two decades, it has emerged that the diag-
nosis of GDM identifies a population of young women
who are at future risk of other chronic non-communica-
ble diseases (NCDs) besides T2DM. Notably, women
www.thelancet.com Vol 45 Month March, 2022
with a history of GDM have elevated risks of developing
renal dysfunction, serious liver disease and cardiovascu-
lar disease (CVD).30−33 Indeed, a meta-analysis involv-
ing >5 million women revealed that those with a history
of GDM have a 2-fold higher risk of CVD than their
peers that begins to manifest within the first decade
after the index pregnancy.7 Importantly, while their
risks of severe liver disease and kidney disease appear to
be dependent upon the inter-current development of
T2DM,30,32 women with GDM have an elevated lifetime
incidence of CVD even if they do not progress to diabe-
tes.7 Moreover, as with the risk of T2DM, milder
degrees of gestational dysglycemia that do not meet the
diagnosis of GDM also predict an elevated lifetime risk
of CVD.33,34 Indeed, even an elevated GCT in the
absence of GDM predicts future CVD.34 Thus, the con-
tinuum of gestational glycemia provides insight into a
woman’s likelihood of developing metabolic and vascu-
lar disease well beyond pregnancy, with GDM repre-
senting the most extreme element along this glycemic
spectrum.

In the past decade, converging lines of evidence have
shaped the emerging perspective of GDM as a chronic
cardiometabolic disorder (rather than one that is limited
to pregnancy).18 First, even by as early as 3-months post-
partum, women with recent GDM exhibit an adverse
cardiovascular risk factor profile compared to that of
their peers, as evidenced by higher rates of dsyglycemia,
hypertension, dyslipidemia, and metabolic
syndrome.28,35,36 Second, the measurement of cardio-
metabolic biomarkers in 1st trimester (such as glycemic
and lipid measures, adiponectin, C-reactive protein, tis-
sue plasminogen activator antigen, and insulin-like
growth factor binding protein-2) can predict the subse-
quent development of GDM later in pregnancy.37 Third,
it has been shown that the amniotic fluid of women
who go on to develop GDM already shows metabolic
changes in 1st trimester and fetal overgrowth can occur
before the diagnosis of GDM.38,39 Finally, and most
importantly, cardiometabolic differences between
women who go on to develop GDM and those who do
not are already present even before the pregnancy.
These subtle differences include greater glycemia
(higher A1c and fasting glucose) and a more adverse
lipid profile (higher LDL cholesterol, higher triglycer-
ides, lower HDL).40−42 While initially modest in magni-
tude, these differences become more pronounced over
time, owing to divergent trajectories of these risk factors
between women who develop GDM and their peers,
both in the years prior to pregnancy and in the years
thereafter.42,43 Accordingly, pregnancy can be viewed as
a life event that is superimposed upon existing tracks of
cardiometabolic risk and enables the identification of
women are already on a high-risk track (i.e. those who
develop GDM).18 From this life course perspective,
GDM can be seen be as a chronic cardiometabolic disor-
der (Figure 2) that comes to clinical attention in
3



Figure 2. The life course perspective of GDM encompasses underlying metabolic defects, an adverse cardiometabolic risk factor profile
that worsens over time, and elevated lifetime risks of cardiometabolic disease outcomes and associated advanced complications.

Review

4

pregnancy because antepartum glucose screening is
performed in the setting of the stress test that gestation
poses for the beta-cells. While the ultimate objective of
this screening is to reduce the obstetrical/neonatal risks
associated with GDM, the concomitant insight that may
be gained into a woman’s long-term risk of metabolic
and vascular disease provides a unique opportunity for
preventive care. Specifically, the recognition of GDM as
a chronic cardiometabolic disorder presents a potential
opportunity for early risk-modifying intervention aimed
at the primary prevention of T2DM and CVD. However,
before this promise can be realized in practice, there are
a series of clinical challenges and hurdles that will need
to be overcome.
Challenges facing this potential opportunity for
primary prevention
(I) Identification of GDM

Since the initial description of GDM over 50 years
ago, several different approaches to identify GDM have
been proposed and debated in medical communities
worldwide. To date, there is no consensus on the opti-
mal approach, resulting in varying screening protocols
and diagnostic criteria across jurisdictions and further-
ing uncertainty and frustration on the part of patients
and healthcare providers. Moreover, pre-analytic factors
can also impact the accuracy of glucose measurements
and thereby further hamper the diagnosis of GDM.44

The initial diagnostic approach for GDM, proposed
by O’Sullivan and Mahan in 1964, utilized a fasting 3 h
100 g oral glucose tolerance test (OGTT), with glucose
measurements made from whole blood (Somogyi-Nel-
son method).45 Glycemic thresholds on the OGTT were
established that predicted future risk of T2DM, with
two or more elevated values (from fasting, 1 h, 2 h, and
3 h postprandial glucose measurements) required for
diagnosis of GDM.45,46 In 1979, based on laboratory
transition from venous whole blood to plasma glucose
measurements, the National Diabetes Data Group
(NDDG) proposed revised thresholds for diagnosing
GDM based on 3 h 100 g OGTT, by applying a factor of
1.14 to each value.47 Carpenter and Coustan further
modified the diagnostic thresholds in 1982 to account
for improved specificity of enzymatic glucose assays
(e.g. hexokinase and glucose oxidase) compared to the
Somogyi-Nelson method, as the newer assays did not
measure reducing substances other than glucose.48 At
the same time, a 1 h 50 g oral glucose challenge test
(GCT) was adapted by O’Sullivan et al.49 to screen all
pregnant women after 24-weeks gestation and identify
those at highest risk for GDM. The GCT is a non-fasting
screening test, which can be easily incorporated into a
routine antenatal visit with primary care provider or
obstetrician, and is typically used as the initial step of a
two-step diagnostic strategy. As laboratory assays
improved, several different cut-offs for the 1 h post-chal-
lenge glucose threshold were also proposed (e.g.
130 mg/dL, 135 mg/dL, and 140 mg/dL), each with vary-
ing sensitivities and specificities.49 In GCT-based two-
step protocols, women who are positive on the screen-
ing GCT then proceed to the OGTT for diagnosis of
GDM. To date, the two-step approach (50 g GCT
www.thelancet.com Vol 45 Month March, 2022
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followed by 100 g OGTT by either the Carpenter and
Coustan criteria or the NDDG criteria) remains the pro-
tocol to identify GDM endorsed by the American Col-
lege of Obstetricians and Gynecologists (ACOG) and
National Institutes of Health (NIH).50,51

In 2010, based on the findings of the HAPO Study,
the International Association of Diabetes and Preg-
nancy Study Groups (IADPSG) recommended a one-
step universal screening strategy for GDM using the
fasting 2 h 75 g OGTT, for which glycemic thresholds
were developed based on odds ratios of 1.75 for birth-
weight >90th percentile, cord C-peptide >90th percen-
tile and percent body fat >90th percentile in the study
cohort.52 In contrast to Carpenter and Coustan criteria
for the 100 g OGTT, the IADPSG criteria required only
one elevated value on the 75 g OGTT for diagnosing
GDM.46,52 Currently, the one-step IADPSG screening
approach is endorsed by the American Diabetes Associ-
ation (ADA), the World Health Organization (WHO),
and the International Federation of Gynecology and
Obstetrics (FIGO).1,53,54

Several concerns have been raised that have hin-
dered adoption of the IADPSG approach in clinical
practice. When IADPSG criteria were applied to the
HAPO cohort, the prevalence of GDM was»18%, repre-
senting an approximately three-fold increase from rates
observed in other cohorts in which GDM was diagnosed
by historical approaches.49 With the increase in preva-
lence comes the concern of over-diagnosis and resulting
economic impacts on the healthcare system and psycho-
social impacts on women who are labelled as having
GDM.49 Observational studies comparing IADPSG cri-
teria to historical controls also found that, despite the
increase in GDM prevalence, the treatment of women
who otherwise would not have been labelled as GDM
did not consistently reduce adverse pregnancy outcomes
in the overall population.55 In light of these concerns,
the NIH Consensus Panel in 2013 cautioned against
adoption of the IADPSG approach and recommended
that a randomized controlled trial (RCT) be conducted
to compare these approaches with respect to clinically
important outcomes.49,55

Five RCTs (n = 25,772) have been conducted compar-
ing IADPSG versus Carpenter and Coustan criteria for
GDM screening, according to a recent systematic review
by the US Preventative Task Force (USPTF).56 The larg-
est of these studies was the ScreenR2GDM trial
(n = 23,792) by Hillier et al. in 2021, in which 23,792
women treated in the Kaiser Permanente system were
randomized to either one-step screening by 75 g OGTT
with IADPSG criteria or two-step screening by 50 g
GCT followed by 100 g OGTT if the GCT were posi-
tive.57 One-step screening versus two-step screening
was associated with a significantly higher prevalence of
GDM in 16.5% vs. 8.5% of participants; however no sig-
nificant difference were detected between the two
groups in any pregnancy or fetal outcome (including
www.thelancet.com Vol 45 Month March, 2022
gestational hypertension or preeclampsia, primary Cae-
sarean section, large for gestational age infants, or a
perinatal composite outcome of stillbirth, neonatal
death, shoulder dystocia, bone fracture or nerve palsy
related to birth injury).57 Potential limitations of the
study have been raised, including questions pertaining
to the adequacy of the sample size calculation and the
lack of long-term data on maternal or fetal benefits.46

Of note, 27% of women in the one-step group crossed
over to two-step screening. In addition, 1.4% of women
in the two-step group were treated for fasting hypergly-
cemia despite no diagnosis of GDM, possibly increasing
the apparent efficacy of the two-step approach. Accord-
ingly, at present, the debate on the optimal approach to
GDM diagnosis is ongoing.

(II) Postpartum Follow-up
Given their well-established risk of postpartum pro-

gression to T2DM, it is widely recommended that
women with GDM undergo glucose tolerance testing by
75 g OGTT within the first 6 months after delivery.58

Despite its broad endorsement by authoritative bodies
(such as the Endocrine Society, American Diabetes
Association, and American College of Obstetricians and
Gynecologists) and inclusion in clinical practice guide-
lines, the rates of postpartum glucose tolerance screen-
ing have been consistently suboptimal across
jurisdictions, ranging from 19 to 73% according to a
recent systematic review.59 Both provider and patient
factors have been identified as predictors of the likeli-
hood of postpartum testing.

The frequency of ordering of the postpartum OGTT
by healthcare providers has been identified as one con-
tributing factor. One study reported that 48.9% of
OGTT non-completion was attributable to provider non-
compliance (i.e. test was never ordered), while 51.1%
was due to lack of adherence by patients.60 Barriers
identified from the healthcare provider perspective
include lack of patient follow-up, inadequate communi-
cation between healthcare providers, inconsistent guide-
lines, lack of familiarity with screening protocols, and
patients not perceving testing as necessary or afford-
able.59 Indeed, although the necessity of postpartum
screening is clear from clinical practice guidelines, there
is no clear direction as to which of the patient’s care pro-
viders (primary care provider, obstetrician, or endocri-
nologist) bear responsibility for this task. Different
jurisdictions also have differences in practice patterns.
While Stuebe and colleagues found that primary care
providers were most likely to order a postpartum screen-
ing test in Massachusetts, US,61 Shah and colleagues
found that internists/endocrinologists ordered the
majority of these tests in Ontario, Canada.62

A variety of patient factors have also been identified
as predictors of the likelihood of adherence with post-
partum follow-up. In a qualitative study by Bennett
et al., themes of barriers that were identified included
recent delivery experience/newborn health issues,
5
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adjustment to new baby (e.g. lack of time, burden of
childcare, emotional stress), concerns about postpartum
and future health (e.g. feeling healthy and not in need
of care, fear of receiving bad news), dissatisfaction with
care and logistics of accessing care.63 Additionally, in a
systematic review by Nielson et al., patients were found
to be more likely to undergo screening if they had GDM
in a previous pregnancy, diagnosis of GDM at earlier
gestational age, older maternal age, higher education
level and income, and lower parity.59

Several interventions have been studied to address
the poor adherence rates to postpartum screening
among women with recent GDM pregnancies.58 Inter-
ventions have included verbal and written counselling,
postal reminders, telephone calls, SMS reminders, or
advanced order sets built into electronic medical
records, and all have shown varying degrees of improve-
ment in adherence upon implementation.58 In practice,
however, rates of postpartum testing remain subopti-
mal. Ultimately, before the potential for primary preven-
tion offered by GDM can be fully realized, the challenge
of suboptimal postpartum follow-up will need be
resolved.

(III) Appropriate Postpartum Intervention
Besides the challenges of determining an optimal

approach to GDM identification and optimizing adher-
ence to postpartum screening, the appropriate interven-
tion for modifying the risk of developing T2DM is also a
topic of ongoing research. In this context, both lifestyle
and pharmacologic interventions have shown varying
effectiveness at preventing postpartum diabetes.

Lifestyle interventions (i.e. diet, physical activity)
have been shown to reduce postpartum weight, BMI,
and waist circumference in women with previous
GDM.64 These observations provide a mechanistic basis
for reducing the risk of T2DM, since the reduction of
insulin resistance secondary to weight loss should lower
the secretory demands placed on the beta-cells and
thereby potentially may mitigate their functional deteri-
oration over time.18 Indeed, a recent meta-analysis of 10
RCTs of lifestyle interventions within 3 years of GDM
pregnancy found that such intervention reduced the
risk of postpartum diabetes as compared to controls
(pooled RR 0.57, 95%CI 0.42−0.78).65 Table 1 lists
selected trials of lifestyle intervention following GDM.
These findings suggest that all women with a history of
GDM should receive lifestyle counselling and interven-
tion early after delivery. However, several barriers have
been identified that may compromise the introduction
of healthy lifestyle practices in postpartum months fol-
lowing GDM.59 These practical barriers have included
lack of time and energy, limited childcare and social
supports, emotional stress, lack of motivation, financial
barriers, insufficient knowledge or understanding about
GDM, body image concerns, and the need to maintain
caloric intake for breastfeeding.59 It is also unclear if
ethno-cultural differences may be relevant to the
appropriate lifestyle recommendations in different pop-
ulations.

Amongst pharmacological agents, there is evidence
to support metformin as an intervention for reducing
the risk of diabetes in women with previous GDM. In
the Diabetes Prevention Program (DPP), overweight
adults with pre-diabetes (impaired glucose tolerance or
impaired fasting glucose) were randomized to placebo,
intensive health behaviour change, metformin, or the
older thiazolidinedione troglitazone.66 While intensive
lifestyle intervention yielded the greatest reduction in
risk of developing diabetes in the overall study popula-
tion,66 DPP participants who had a previous history of
GDM comprised a subgroup in which metformin
matched lifestyle modification, with both interventions
yielding »50% risk reduction compared to placebo.67

Moreover, in the long-term follow-up of DPP partici-
pants, the effect of metformin on reduction of incident
diabetes in this subgroup persisted over 10 years68 and
15 years.69 However, it should be recognized that, on
average, this subgroup of women with previous GDM
were 12 years postpartum at the start of the DPP, such
that this effect on diabetes prevention may not be gener-
alizable to women who are in the early years after preg-
nancy. Indeed, given that they had not progressed to
overt diabetes during the early postpartum years (when
the highest risk women may progress to T2DM),27,70 it
is likely that these DPP participants comprise a compar-
atively lower-risk subset within the overall population of
women with previous GDM.

Other pharmacological agents have been studied as
intervention to prevent diabetes after a GDM.71 How-
ever, as with the interpretation of metformin in the
DPP, these studies have caveats and limitations that pre-
clude definitive conclusions on their role in women with
recent GDM (Table 2). In the Troglitazone in Preven-
tion of Diabetes (TRIPOD) and Pioglitazone in Preven-
tion of Diabetes (PIPOD) studies, the insulin-
sensitizing thiazolidinediones troglitazone and pioglita-
zone were shown to significantly reduce the risk of pro-
gression to T2DM in Hispanic-American women with
previous GDM.72,73 However, safety concerns have lim-
ited the applicability of these findings to current practice
(troglitazone was withdrawn from the market due to
hepato-toxicity and concerns of off-target effects have
markedly reduced clinical initiation of pioglitazone). In
a study of 40 women with previous GDM, the combina-
tion of metformin and the dipeptidyl peptidase-4 (DPP-
4) inhibitor sitagliptin yielded improvement in beta-cell
function and insulin sensitivity after 16-weeks (com-
pared to baseline),74 while a placebo-controlled trial in
113 women found that the DPP-4 inhibitor vildagliptin
did not reduce the risk of diabetes in this patient popula-
tion.75 In addition, a study of 49 women reported that
the combination of metformin and the sodium glucose
co-transporter-2 (SGLT-2) inhibitor dapagliflozin
reduced weight and improved cardiometabolic risk
www.thelancet.com Vol 45 Month March, 2022



Study Population analyzed Intervention Follow-up
duration

Key findings

Diabetes Prevention Program (DPP)67 Subset of DPP partici-

pants with pre-diabe-

tes and previous

GDM (n = 350)

Randomized to inten-

sive lifestyle, metfor-

min or placebo

3 years Both lifestyle and met-

formin reduced inci-

dent diabetes by

»50% compared to

placebo

Perez-Ferre et al.78 Women with previous

GDM, excluding

those with impaired

fasting glucose at

first postpartum eval-

uation (n = 260)

Randomized to inter-

vention group (Medi-

terranean diet and

monitored physical

activity) or control

(usual care)

36 months Lifestyle intervention

reduced incidence of

glucose disorders

compared to control

(42.8% vs. 56.75%).

Shek et al.79 Women with previous

GDM and impaired

glucose tolerance

postpartum (n = 450)

Randomized to inter-

vention group

(advice on diet and

exercise, reinforced

at follow-up visits) or

control (usual care)

36 months Trend towards reduced

incident diabetes in

intervention group

vs. control (15% vs.

19%); did not reach

statistical

significance.

Hu et al.80 Women with previous

GDM (n = 1180)

Randomized to lifestyle

intervention (dieti-

cian visits, physical

activity counselling)

or usual care

12 months Lifestyle intervention

led to weight loss,

improved cardiome-

tabolic risk factors

and reduced insulin

resistance compared

to usual care.

Wein et al.81 Women with previous

GDM and impaired

glucose tolerance

(n = 200)

Randomized to inten-

sive or routine die-

tary advice

Median follow-up

51 months

No significant differ-

ence in prevalence of

diabetes and

impaired glucose tol-

erance was found.

Table 1: Selected studies of lifestyle interventions for reducing the risk of progression to type 2 diabetes in women with a history of GDM.

Review
factors after 24-weeks.76 Recognizing the limitations of
this literature, we are currently conducting a double-
blind, placebo-controlled RCT to evaluate the impact of
the SGLT-2 inhibitor empagliflozin on beta-cell func-
tion and glucose tolerance over 1 year in women with
recent GDM (ClinicalTrials.Gov NCT03215069).

While definitive early postpartum intervention
remains to be established, it should be noted that, if
achieved, the reduction of incident T2DM following
GDM will likely also ultimately reduce the risk of CVD,
but not fully mitigate it.7 Accordingly, attention to cardi-
ometabolic risk factors (such as lipids and blood pres-
sure) is ideally warranted in future studies to determine
appropriate intervention for modifying the long-term
risks of both T2DM and CVD in this patient popula-
tion. Moreover, the recent emergence of anti-diabetic
medications such as SGLT-2 inhibitors that may
offer cardiovascular risk reduction above and beyond
their glucose-lowering activity77 raises the tantalizing
possibility of single interventions that potentially
www.thelancet.com Vol 45 Month March, 2022
may enable the primary prevention of both T2DM
and CVD.
Future perspectives
Debate around the optimal approach to screening and
diagnosis of GDM has been ongoing since the initial
description of this condition in 1964. Resolution of this
debate remains an important focus for the future since
standardization of practices across jurisdictions should
reduce the uncertainty and frustration this lack of con-
sensus may engender in both patients and providers.
However, since the relationships between maternal gly-
cemia and the respective future risks of T2DM and
CVD extend to milder degrees of dysglycemia below the
GDM diagnostic range,27−29,33,34 the current lack of uni-
versal standardization of diagnostic criteria and screen-
ing protocols does not necessarily preclude the
opportunity for pursuing primary prevention of these
outcomes. Rather, this unique opportunity should be
7



Study Population analyzed Intervention Key findings Caveats and limitation

Diabetes Prevention

Program (DPP)67
Subset of DPP partici-

pants with pre-diabe-

tes and previous

GDM (n = 350)

Randomized to inten-

sive lifestyle, metfor-

min or placebo

Both lifestyle and metformin

reduced incident diabetes

by »50% compared to

placebo

Women were mean 12 years

postpartum and thus may

be low-risk subset of GDM

patient population

TRIPOD72 Women with previous

GDM (n = 236)

Randomized to troglita-

zone or placebo

Troglitazone reduced inci-

dent diabetes by >50%

compared to placebo

Troglitazone has been with-

drawn from the market

due to liver toxicity

PIPOD73 TRIPOD participants

who did not have

diabetes (n = 86)

Open-label observa-

tional follow-up of

women treated with

pioglitazone

Pioglitazone stabilized beta-

cell function over 3 years

Concerns of off-target

effects have markedly

reduced clinical initiation

of pioglitazone in current

practice

Daniele et al74 Women with pre-diabe-

tes and previous

GDM (n = 40)

Randomized to metfor-

min, sitagliptin or

combination (metfor-

min + sitagliptin)

Metformin and sitagliptin

combination improved

beta-cell function and

insulin sensitivity

Short duration (16-week

study) with drop-out of

24.5% of randomized

women

Hummel et al75 Women with previous

insulin-treated GDM

(n = 113)

Randomized to vilda-

gliptin or placebo

Vildagliptin did not reduce

incident diabetes (low

incidence led to stoppage

of trial)

46% of randomized women

withdrew before complet-

ing treatment

Elkind-Hirsch et al.76 Women with over-

weight/obesity and

previous GDM

(n = 49)

Randomized to metfor-

min, dapagliflozin or

combination (metfor-

min + dapagliflozin)

Metformin and dapagliflozin

combination reduced

weight and improved car-

diometabolic risk factors

Short duration (24-week

study) with drop-out of

25.8% of randomized

women

Table 2: Studies of postpartum pharmacologic interventions for reducing the risk of progression to type 2 diabetes in women with a
history of GDM.
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pursued in tandem with efforts to standardize the iden-
tification of GDM.

In this context, a critical step to be undertaken now is
a fundamental shift in the perception of GDM from that
of a medical complication of pregnancy to one of a
chronic cardiometabolic condition (first identified in
pregnancy) that carries lifelong implications (Figure 2).
This shift in perception on the part of both providers
and patients could address some of the challenges and
barriers identified in this review. Specifically, broader
appreciation of this life course perspective of GDM
should help to improve adherence with the recom-
mended postpartum glucose tolerance testing. More-
over, this awareness would enhance recognition of the
need for further studies to determine the optimal clini-
cal strategies for cardiometabolic surveillance and risk
modification in women with a history of GDM. More
broadly, in the design of GDM studies, there should
be a shift from focusing exclusively on immediate
pregnancy outcomes to also considering long-term
maternal and offspring outcomes. Ultimately, the
coupling of enhanced recognition of the life course
perspective of GDM with further research to delin-
eate risk-modifying strategies in practice may enable
this diagnosis to fulfill its potential as a unique
opportunity for the primary prevention of T2DM and
CVD in women.
Search strategy and selection criteria
References for this review were identified through
searches on PubMed for articles published from Jan 1,
1980 to Oct 1, 2021, with the terms: “gestational diabe-
tes mellitus”, “screening”, “diagnostic criteria”, “long-
term complications”, “cardiovascular disease”, and
“prevention”. Relevant articles from these searches and
relevant references that were cited in these articles were
reviewed. Articles published in English were included
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