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Purpose of review

Gestational diabetes mellitus (GDM) is a major public health concern because of rising rates and offspring
consequences; yet, expert panels are in complete disagreement on how to diagnose and optimally treat
GDM. This review underscores why there remains no diagnostic standard, no agreement on whether
excess dietary carbohydrate or fat should be reduced, and whether oral hypoglycemic therapy is safe
given the unknown offspring effects on hepatic, pancreatic, or fat development.

Recent findings

New diagnostic criteria proposed by the American Diabetes Association would triple the prevalence of
GDM (�18%). Whether the treatment of women with these milder degrees of hyperglycemia will improve
pregnancy outcomes is unknown given the powerful effect of obesity alone on excess fetal growth. There
are data that restricting carbohydrate in the diet by substituting fat to blunt postprandial glucose levels may
worsen maternal insulin resistance and that metformin may increase offspring subcutaneous fat.

Summary

The adoption of the new American Diabetes Association diagnostic criteria for GDM was rejected by
ACOG and not endorsed by the NIH. Yet, varying criteria are used by different centers resulting in
confusion for both patient care and research. Both maternal diet and agents that cross the placenta could
potentially modify offspring gene expression. Better identification and treatment of mothers and fetuses at
risk may have far-reaching implications for maternal and child health.
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INTRODUCTION

Given that overweight or obesity is present in
approximately two-thirds of women of childbearing
age [1], gestational diabetes mellitus (GDM) rates are
rapidly rising with nearly one in five women being
diagnosed with GDM for obstetric practices adopt-
ing the International Diabetes in Pregnancy Study
Groups (IADPSG) and American Diabetes Associ-
ation (ADA) criteria. This perspective highlights
the paradigm shifts in the diagnosis of GDM and
the unresolved controversies on the importance of
glucose, lipids, and obesity in the contribution of
excess fetal fat accretion which has resulted in a
complete lack of consensus on the most appropriate
diet and treatment strategies to improve both
maternal and long-term infant outcomes. (Please
refer to the preceding review of Pre-existing Diabetes
and Obesity in Pregnancy for a discussion of the
intrauterine environment and fetal programming
effects associated with diabetes and obesity and
recommendations regarding weight gain, physical
activity, and glycemic targets which are also highly
applicable to GDM women.)

NO CONSENSUS ON SCREENING AND
DIAGNOSIS OF GDM: A CONTINENT
DIVIDED
There is compelling evidence based on the landmark
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KEY POINTS

� The lack of agreement between the ADA and ACOG in
the screening and diagnostic criteria for GDM has led
to marked differences in prevalence, variable clinical
practices, and challenges in the application of research
findings utilizing different criteria.

� Convincing data demonstrate that lower degrees of
glycemia are associated with adverse pregnancy
outcomes; however, maternal obesity alone is a
powerful contributor to excess fetal growth and
offspring obesity risk.

� Because of increasing recognition that replacing
dietary carbohydrate with fat may be detrimental to
maternal insulin resistance and result in excess fetal fat
accretion, recent data challenge the continued
adoption of a conventional low carbohydrate, higher
fat diet in women with GDM.

� Although oral hypoglycemic agents are extremely
attractive for use in women with GDM given the ease
of administration, it is not clear what the long-term
programming effects of agents that cross the placenta
may have on the offspring.

� Women with GDM who have impaired glucose
tolerance postpartum have persistent insulin signaling
defects in muscle and beta cell defects placing them at
high risk for type 2 diabetes, which can be attenuated
by aggressive lifestyle and possibly medical
interventions. Furthermore, breastfeeding in GDM
women may facilitate weight loss in the mother and also
benefit the offspring by decreasing the risk of childhood
obesity, possibly through changes in appetite regulation,
immune function, and altering the infant microbiome.
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(HAPO) trial in 25 505 women [2,3,4
&&

] which used a
75-g OGTT and demonstrated that the level of
maternal hyperglycemia at which adverse pregnancy
outcomes increase are lower than the diagnostic
criteria typically utilized for GDM in the USA (ACOG,
Carpenter and Coustan criteria for the 100-gram
OGTT) [5]. The HAPO trial [2,3] demonstrated that
a fasting blood glucose (FBG) �92 mg/dl, a 1-h value
�180 mg/dl, or a 2-h value�153 mg/dl increased the
risk by 1.75 fold for large-for-gestational-age (LGA)
and an elevated cord-blood C-peptide, consistent
with fetal hyperinsulinemia. Furthermore, the FBG
was more strongly predictive of these outcomes than
the 1-h or 2-h value. The IADPSG and the ADA
adopted the new diagnostic criteria using a 75-g
OGTT based on a 1.75 increased risk of LGA in hope
that, for the first time, all international groups could
agree on using the same glucose load and the same
diagnostic criteria. They also challenged the previous
definition of GDM as a glucose-intolerant state with
onset or first recognition during pregnancy because
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many women with undiagnosed pre-existing (overt)
diabetes were being referred to as GDM. Given that
these previously undiagnosed women have a much
higher risk of maternal and fetal complications,
including major malformations if their HgbA1c is
�6.5, the IADPSG and ADA recommended that overt
(pre-existing) diabetes (not GDM) be diagnosed if any
of the following criteria are fulfilled during preg-
nancy: HgbA1c of �6.5; fasting blood glucose
(FBG) �126, or random glucose �200, the same
criteria for diabetes outside of pregnancy [3]. Further-
more, although they recommended screening all
pregnant women with one of these tests early in
pregnancy for pre-existing diabetes, they did not
mandate that a 75-g OGTT be done on all women
at high risk for GDM (obesity, polycystic ovary syn-
drome (PCOS), previous macrosomic infant, first-
degree relative with diabetes), unlike the ACOG
criteria which screens all women at risk for GDM
early with a 50-g glucose challenge as part of a two-
step testing approach [5].

Adopting the new IADPSG/ADA criteria will
result in a tripling of the prevalence of GDM
(�18%) compared to the 5–6% currently estimated
prevalence using the ACOG criteria [5,6

&&

]. As a
result of the lack of any randomized controlled trials
(RCTs) demonstrating that adopting the new criteria
and treating milder GDM will improve pregnancy
outcomes, the Carpenter and Coustan diagnostic
criteria continue to be used by the majority of
US obstetricians using two abnormal values on
a 100-g OGTT (FBG�95 mg/dl; 1 h�180; 2 h
�155; 3 h �140) if a 50-g glucose screen is abnormal
(�130–140 mg/dl) [7]. Critics of the ADA and ACOG
criteria, including this author, emphasized that a
2.0-increase in LGA risk instead of 1.75 could have
been chosen for the ADA criteria which would not
have appreciably increased the prevalence of GDM
over the ACOG criteria [6

&&

,8,9] and possibly facili-
tated worldwide adoption of the 75-g 2-h OGTT.
However, it is estimated that US women have a
prediabetes rate of�26% and not very different from
the predicted GDM rate using the ADA criteria at
1.75 [10]. Nearly 90% of all of the women who met
criteria for GDM using the 75-g 2-h OGTT were
diagnosed based on the FBG and 1-h values [11

&&

],
further raising the question of whether the test
could be further simplified by dropping the 2-h
value. Although the IADPSG and ADA suggest that
a FBG of �92 mg/dl early may be used to diagnose
GDM, some practitioners are recommending that an
HgbA1c of �5.7 also be used to diagnose GDM early
as this level diagnoses prediabetes outside of preg-
nancy. However, this was not given as an option by
the ADA to diagnose GDM. Problems with substitut-
ing an A1C or FBG to screen or diagnose either
ns www.co-endocrinology.com 265
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diabetes mellitus or GDM instead of an OGTT include
the observation that the HgbA1c is the least sensitive
test to diagnosis either prediabetes or diabetes [12],
especially in anemia or high red blood cell turnover
states such as pregnancy. Further, the FBG is less
sensitive than an OGTT, especially for Asian women
who have been shown to typically have normal FBGs.
A recent article underscored the profound difference
among ethnic populations studied in the HAPO trial
in regard to the sensitivity of a FBG versus a 1 or 2-h
75 g glucose value in diagnosing GDM [11

&&

]. In Hong
Kong, primarily an Asian population, only 26% of
women had an abnormal FBG and the remainder
were diagnosed by either a 1-h post glucose value
(45%) or abnormal 2-h value (29%). This raises the
question as to whether early diagnostic testing
recommended by the ADA to screen for pre-existing
diabetes will miss many women with pre-existing
glucose intolerance who are likely to be at highest
risk for delivering an LGA infant, since administering
the 75-g 2-h OGTT to high risk women is optional
early in pregnancy (women can be screened with
either a HgbA1c or a FBG).

Currently, there is no consensus about the adop-
tion of the ADA criteria over the ACOG criteria with
the Endocrine Society recently adopting the ADA
criteria and ACOG adopting the latter [5,13]. The
NIH held a Consensus Conference in March of 2013
[6

&&

] concluding that the 75-g OGTT would be
beneficial to standardize diagnostic criteria interna-
tionally and it is only the test in which glucose
thresholds for adverse fetal outcomes have been
directly validated. However, the two RCTs showing
benefit for the identification and treatment of GDM
women did not use the ADA criteria [14,15]. The
NIH also voiced concerns that using a single value to
diagnose GDM could result in more false positives
given that �25% of women have different results if
performed at different times. However, the two-step
approach used by ACOG may miss�25% of patients
who have been shown to pass their 50-g screen but
failed their 100-g OGTT and also result in a delay or
lack of diagnosis for those who do not get the
diagnostic 100-g OGTT test in a timely fashion
[10]. The NIH concluded there were insufficient data
from RCTs demonstrating that adopting the lower
glucose thresholds recommended by the ADA would
significantly benefit the much larger population
making criteria for GDM, and that adopting the
IADPSG/ADA criteria could triple the prevalence
of GDM, potentially outstripping the resources to
treat it. They also argued that it was not clear how
much the increased risk of LGA was because of
maternal obesity or mild hyperglycemia and that,
in fact, 78% of LGA occurred in women who did not
make criteria for GDM in the HAPO trial. A recent
266 www.co-endocrinology.com
retrospective review of nearly 10 000 women who
were diagnosed with GDM using the IADPSG/ADA
criteria showed an overall GDM prevalence of 24%,
but the vast majority of LGA was attributable to being
overweightand obese [16

&

].TheNIHfurtherprovided
data from a pooled meta-analysis of five RCTs show-
ing treatment of GDM resulted in an absolute differ-
ence in birth weight of less than 150 g and only a 6%
absolute risk reduction of LGA. Disappointingly, the
4–5-year-old follow-up of infants in the ACHOIS
study, a landmark RCT demonstrating a pregnancy
outcome benefit to treating GDM, showed that there
was no difference in childhood obesity in the treat-
ment versus nontreatment groups [17]. The NIH
recommended that further RCTs be done to pit the
diagnostic criteria against each other to see if adverse
outcomes are improved. The Maternal Fetal Medicine
Network (MFMU Network) may undertake this
extremely expensive and time-intensive challenge,
which would take many years to complete. Mean-
while, the complete lack of current consensus com-
promises patient management and substantially
jeopardizes clinical research trial translation given
a number of diagnostic criteria in the USA and inter-
national community will continue to be used [8–10].
ABANDONMENT OF SPECIFIC DIET
RECOMMENDATIONS: ARE LOW
CARBOHYDRATE DIETS TRULY
BENEFICIAL?

Although limiting weight gain and increasing
physical activity are first line therapy in women
with GDM (see preceding review on Pre-existing
Diabetes and Obesity), diet therapy is the mainstay
of treatment. Given that the projected number of
GDM women could potentially outstrip medical and
financial resources, there is hope that diet therapy
would be effective alone for treatment as medical
therapy greatly increases cost and indications for
fetal surveillance. Yet, the Fifth International Work-
shop on Gestational Diabetes and ADA abandoned
specific macronutrient recommendations for diet
therapy in GDM because of the absence of adequate
RCTs [18]. Although carbohydrate restriction
(�40% of calories) has been conventionally recom-
mended to blunt postprandial glucose excursions
[19], a growing concern is that women are substitut-
ing fat for carbohydrates. Triglycerides and FFAs are
somewhat unrecognized, but important fuels associ-
ated with excess fetal fat accretion [20–23] and
excess maternal fat consumption has also recently
been associated with adverse fetal programming
including oxidative stress, increased lipid depo-
sition in the liver [24], placental dysfunction [25],
an insulin resistant phenotype [26], and may
Volume 21 � Number 4 � August 2014
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cultivate an obesogenic maternal microbiome that
can be transferred to the infant [27

&

]. Recent RCTs
[28–30] and our recent review of the limited RCTs
examining nutritional management in 250 GDM
women suggest that a diet higher in complex carbo-
hydrate and fiber, low in simple sugar (low glycemic
index), and lower in saturated fat may be effective in
blunting postprandial hyperglycemia, preventing
worsened maternal insulin resistance, and excess
fetal growth [31].

Hernandez and our group recently published an
RCT crossover study [32

&

] that liberalized complex
carbohydrates to 60% of total calories and limited
fat to 25% (CHOICE diet) compared to a conven-
tional low carbohydrate (40% carbohydrate) higher
fat (45%) diet using CGM, and providing all food.
Although 24-h glucose area-under-the-curve (AUC)
was slightly higher (�6%) on the CHOICE diet, but
well below current targets, the postprandial FFAs
were �20% lower on the CHOICE diet compared
to the conventional low carbohydrate/higher fat
diet, which may be an important contributor to
excess fetal fat accretion. Furthermore, preliminary
data extending the diets to delivery with all meals
provided suggested an overall reduction in the
measures of insulin resistance and lower infant adi-
posity on the higher complex carbohydrate/low fat
(CHOICE) diet [33]. Recommendations in preg-
nancy are nonspecific and include consuming at
least 175 g of carbohydrate but substituting complex
for simple carbohydrates, increasing the amount of
fiber and protein, and avoiding saturated fats
[18,34]. Although the most recent ACOG Practice
Bulletin [5], in fact, still supports the lower carbo-
hydrate diet (33–40% calories), there is a grave need
for carefully designed RCTs to better define the
optimal diet for GDM, type 2 diabetes mellitus
(T2DM) as well as for overweight and obese women
which controls glycemia, favorably effects lipids and
inflammation, attenuates excess fetal growth, and
minimizes the need for medical treatment.
GLYBURIDE AND METFORMIN AND
OFFSPRING SAFETY CONSIDERATIONS

Metformin is an attractive option to treat the grow-
ing number of GDM women given that it does not
cause maternal hypoglycemia and is fairly inexpen-
sive and easy to dose. The largest experience with
metformin has been in GDM women later in preg-
nancy from the metformin in gestation (MiG) trial
[35] in which 751 women with GDM were random-
ized to metformin versus insulin after exclusion of
hypertension and fetal growth restriction. Metfor-
min did not seem to increase any adverse outcomes,
although it was associated with a slight increase in
1752-296X � 2014 Wolters Kluwer Health | Lippincott Williams & Wilki
preterm birth. Importantly, 46% of the women in
the metformin group required supplemental insulin
to achieve adequate glycemic control. In another
smaller RCT, metformin had a 32% failure rate and
these women were more obese, had higher FBG
levels, and exhibited an earlier need for pharmaco-
logic treatment [36]. The offspring in the MiG trial
are being followed and 2-year outcome [37] demon-
strated that the children exposed to metformin had
larger measures of subcutaneous fat. Although the
authors postulated that this could potentially be due
to a decrease in visceral fat, only 43% of the cohort
received anthropometrics at 2 years, only �15%
received dual-energy X-ray absorptiometry (DXA),
and neither measures visceral fat [38]. A greater
increase in triglycerides was seen in the metformin
group, and maternal triglycerides, C-peptide at
36 weeks, and maternal BMI were correlated with
LGA and anthropometric measures of infant adi-
posity [39]. Another study in PCOS women compar-
ing metformin to placebo showed that although
women randomized to metformin gained less
weight during pregnancy, at 1 year postpartum
the women who used metformin in pregnancy lost
less postpartum weight and their infants were heav-
ier than those in the placebo group [40

&

].
Metformin is concentrated in the fetal compart-

ment with umbilical artery and vein levels being up
to twice those seen in the maternal serum [41].
Hypothetically, if metformin increases insulin sen-
sitivity in the fetus, it might be possible for excess
nutrient flux across the placenta to result in
increased fetal adipogenesis. Its potential long-term
effect on gluconeogenic enzymes in the fetal liver is
unknown. Although the ADA recommends that
continuing metformin beyond the first trimester
should be studied in the context of a trial, ACOG
recently stated that insulin and oral medications are
‘equivalent’ in efficacy, yet they acknowledge that
20–45% of women fail metformin alone necessitat-
ing that insulin be added [5]. They also suggest a role
for counseling women that although current data
do not demonstrate any adverse short-term out-
comes, long-term outcomes have yet to be studied.
Metformin’s effect on fetal insulin sensitivity, hep-
atic gluconeogenesis, and long-term fetal program-
ming implications are unknown. Randomized trials
are underway [42] to examine the possible benefit of
the use of metformin by obese women (Metformin
in Obese Nondiabetic Pregnant women, i.e., MOP
trial), but whether long-term childhood outcomes
will be studied is not known.

Glyburide is the only sulfonylurea that has been
studied in large randomized trials in GDM women ,
crosses the placenta less well than metformin, and
was approved by the ADA and ACOG as a possible
ns www.co-endocrinology.com 267
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alternative to insulin in GDM women [5]. In some
trials, maternal glycemic control, macrosomia (birth
weight�4000 g), neonatal hypoglycemia, and neo-
natal outcomes were not different between groups
[43]; although in others, there was a significantly
greater rate of macrosomic infants in the glyburide
group [45]. Although it was initially thought not to
appreciably cross the placenta or significantly affect
fetal insulin levels, a recent publication using high-
performance liquid chromatography (HPLC) mass
spectrometry suggested that a modest amount does
cross [41]. An RCT compared the efficacy of metfor-
min with glyburide for glycemic control in GDM [44]
and showed a failure rate of �35% in the metformin
groupand�16% intheglyburide group, resulting ina
need for insulin.

Kahn and our group [46] demonstrated that gly-
buride has a high failure rate in women diagnosed
with GDM less than 24 weeks and in women with
fasting hyperglycemia. Although it does not seem to
be teratogenic, like metformin, it is very likely to fail
as monotherapy in women with T2DM. Due to its
peak at 2–4 h, many women have inadequate control
of their 1 or 2-h postprandial glucose levels and then
become hypoglycemic 3–4 h later. Data also suggest
that serum concentrations with usual doses are lower
in pregnant women [47]. If used, it should be given
30 min–1 h before breakfast and dinner and should
not be given before bedtime due to the risk of early
morning hypoglycemia in light of its 2–4-h peak
(similar to Regular insulin). For women who have
postprandial glucose levels well controlled by glybur-
ide but have inadequate control of their fasting glu-
cose levels, adding NPH before bedtime (�6–8 h
peak) to the glyburide can sometimes be useful
[48]. There are no sufficient data available on thia-
zolidinediones, meglitinide inhibitors, and incretins.
Acarbose was studied in two very small studies in
GDM women and given its minimal gastrointestinal
absorption, it is likely to be safe but gastrointestinal
side-effects are often prohibitive [41].
CONCLUSION

Currently, there has never been more controversy
about the ideal screening approach and diagnosis of
GDM or the optimal treatment of GDM women in
regard to both diet and medical treatment. Yet, the
stakes could not be higher given the rising prevalence
of GDM and the compelling recent data that the
intrauterine environment characterized by obesity,
diabetes, and nutrient excess may have long-term
metabolic programming effects on the offspring
[49,50,51

&

,52–54]; (see preceding review on Pre-
existing Diabetes and Obesity). Although seldom
done [55], re-evaluation of glucose tolerance is
268 www.co-endocrinology.com
critical in GDM women and at least annually for
primary prevention strategies given the �50% risk
of developing T2DM in 10–20 years. Lifestyle inter-
ventions, metformin, or pioglitazone [56,57] may
decrease the development of T2DM by half and pre-
vent its progression by the next pregnancy given
there are persistent insulin signaling defects in
muscle and beta-cell defects in GDM women with
persistent glucose intolerance postpartum [57,58].
Effective contraception, often neglected, is critical
for all women not actively trying to conceive. Breast-
feeding in GDM women may facilitate weight loss
and lower the incidence of developing T2DM and
also seems to decrease the offspring risk for develop-
ing childhood obesity and impaired glucose
tolerance [59

&

,60], especially if continued for at least
6 months. There is growing literature suggesting that
some of the protective benefits on childhood obesity
and programming the infant immune system from
breast milk may be influenced by appetite regulatory
hormones in milk and other cytokines or non-nutri-
tive substances which could favorably affect the
infant microbiome [61,62] and postnatal fat develop-
ment. The advancement of our understanding of
this critically important field with major public
health implications is thwarted by a lack of inter-
national consensus about the screening and diagno-
sis of GDM pregnant women so that RCTs aimed to
improve both short and long-term health for the
mother and infant can be conducted with universal
application.
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