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Abstract
Purpose of Review To assess evidence to date for use of non-insulin agents in treatment of gestational diabetes mellitus.
Recent Findings There has been increasing interest in the use of non-insulin agents, primarily metformin and glyburide (which
both cross the placenta). Metformin has been associated with less maternal weight gain; however, recent studies have shown a
trend toward increased weight in offspring exposed to metformin in utero. Glyburide has been associated with increased neonatal
hypoglycemia.
Summary Glycemic control during pregnancy is essential to optimize both maternal and fetal outcomes. There are a myriad of
factors to consider when designing treatment programs including patient preference, phenotype, and glucose patterns. While
insulin is typically recommended as first-line, some women refuse or cannot afford insulin and in those cases, non-insulin agents
may be used. Further studies are needed to assess treatment in pregnancy, perinatal outcomes, and particularly long-term
metabolic profiles in mothers and offspring.

Keywords Gestational diabetes . Pregnancy . Impaired glucose tolerance . Hyperglycemia . Diabetes mellitus . Perinatal
outcomes

Introduction

Recent estimates suggest over 16.9% of women develop hyper-
glycemia in pregnancy [1] and there is ongoing interest in deter-
mining the safest and most effective means of treatment of ges-
tational diabetes (GDM) [2]. It is well established that treatment
of hyperglycemia in pregnancy is associated with improvement
in maternal and fetal outcomes [3•, 4•, 5, 6]. Insulin has long
been considered the first-line pharmacotherapy since it is effec-
tive and does not cross the placenta [3•, 4•]. However, in recent

years, the use of non-insulin medications has become increasing-
ly popular [7–9]. The two major non-insulin agents used for
treatment of GDM include metformin and glyburide (a sulfonyl-
urea medication also known as glibenclamide). There has been
debate among experts as to whether the use of some oral agents,
particularly metformin, should be considered as a reasonable
alternative to insulin [3•, 4•, 10, 11].

There is a major research gap in the pharmacologic
management of gestational diabetes (GDM) with little
data on placental transfer of oral glucose-lowering med-
ications, effects on perinatal outcomes, and effects on
the long-term metabolic profile of both mothers and
offspring [2]. There are some patients for whom oral
agents may be appropriate for glycemic control, partic-
ularly if insulin is not affordable, the patient refuses
insulin treatment, or the patient cannot safely use insu-
lin due to physical or cognitive limitations.

Lifestyle Modification

For about 70 to 80% of women diagnosed with GDM, life-
style measures such as changing dietary intake and engaging
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in physical activity are sufficient to achieve glycemic control
[4•]. Lifestyle measures are an important foundation on which
pharmacologic therapy can be added if necessary [12, 13]. All
women with GDM should ideally be referred to a registered
dietician [12]. As well, the healthcare team caring for a woman
with GDM should be aware of Institute of Medicine (IOM)’s
recommendations for appropriate weight gain during pregnancy
(Table 1) [14].

Nutrition

While nutrition is a key part of GDM treatment, it has not been
definitively proven that a certain type of dietary intervention is
superior. In general, guidelines recommend moderate carbo-
hydrate intake (175 g per day over 3 meals and 2 snacks, one
of which should be at bedtime) [15]. However, there is in-
creasing evidence that diets emphasizing low glycemic index
(GI) foods seem to have benefit [15]. The glycemic index is
used to estimate the blood glucose response to the intake of a
food item (food items with higher GI values cause a greater
increase in blood glucose) [16]. In a meta-analysis that includ-
ed 4 low GI trials, there were decreases in fasting and post-
prandial glucose compared with control [13]. A systematic
review found lower rates of large for gestational age (LGA)
infants [17] and another meta-analysis showed decreased risk
of macrosomia [18].

In practice, we recommend a lower GI diet by avoiding
“white foods” (e.g., white bread, pasta, white rice). We also
recommend that snacks and meals include both carbohydrate
as well as protein and/or fat rather than carbohydrates alone.
We find that encouraging a high-protein, high-fat bedtime
snack, such as almonds or cheese, seems to provide benefit
for women with elevated fasting blood glucose values.

Physical Activity

Engaging in physical activity is an important aspect of man-
aging GDM. Numerous studies have shown that physical ac-
tivity interventions have been associated with reduction in
insulin use and/or improvement in glycemic control [19].
Evidence supports encouraging physical activity unless pa-
tients have an obstetrical contraindication. The American
College of Obstetricians and Gynecologists recommends that
women engage in moderate intensity aerobic exercise for
30 minutes per day, 5 times per week (or 150 minutes weekly)
during pregnancy [3•].

Walking is an excellent activity since it is low-impact and
safe during pregnancy, does not require a substantial level of
fitness, and can be done indoors or outdoors. One study pub-
lished in 2017 particularly illustrated the benefits of walking
after eating [19]. In our clinic, we often counsel women to try
to walk for even 10 to 20 minutes after meals. This approach

Table 1 Lifestyle modifications in gestational diabetes mellitus

Physical Activity Dietary Approach Gestational Weight Gain in 
Second and Third 
Trimesters

Guidelines
(ACOG 
and/or 
IOM)

Moderate intensity 
aerobic exercise for 
30 minutes/day, 5 
times/week (or 150 
minutes weekly) 
unless obstetrical 
contraindication [3]

175 grams of carbohydrates 
per day over 3 meals and 2 
snacks [3]

IOM recommendations based 
on pre-pregnancy weight*:

Normal weight: 25-35 lbs 
total, ~1 lb/week
Overweight: 15-25 lbs total, 
~0.6 lbs/week
Obese: 10-20 lbs total, ~0.5 
lbs/week [14]

Key 
research 
findings

Walking after meals 
lowers postprandial 
glucose levels [19]

Low glycemic index associated 
with lower fasting and post-
prandial glucose levels, lower 
risk of LGA infants, less 
macrosomia [13, 17,18]

Obesity associated with 
increased risk of maternal and 
fetal complications (including 
congenital anomalies, pre-
eclampsia, stillbirths) [27]

Our 
clinical 
approach

Recommend walking
(even if only for 10-
20 minutes) after 
meals 

Recommend a combination
of carbohydrate and protein 
and/or fat in snacks and 
meals (not carbohydrates 
alone)
High protein, high fat 
bedtime snack can be helpful 
for women with elevated 
fasting blood glucoses 

Refer women with 
overweight and obesity to 
registered dietician 
Inform women of weight 
gain recommendations 

* Normal weight is defined as a body mass index (BMI) of 19–24.4 kg/m2 . Overweight is defined as a BMI of 25–29.9 kg/m2 . Obesity is defined as a
BMI of ≥ 30 kg/m2

Abbreviations: lb, pound; ACOG, American College of Obstetricians and Gynecologists; IOM, Institute of Medicine; LGA, large for gestational age
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can help lower postprandial glucose and keep levels in target
range.

Gestational Weight Gain

The IOM recommendations for weight gain during pregnancy
depend on the pre-pregnancy weight category [14] (Table 1).
Informing patients of these recommendations and monitoring
weight gain throughout pregnancy can be quite useful, in ad-
dition to referral to a registered dietician for overweight or
obese women.

Metformin

The role of metformin for treatment of GDM is controversial.
Several guidelines including those of Society of Maternal-Fetal
Medicine (SMFM), the National Institute for Health and Care
Excellence (NICE) of the United Kingdom, and Diabetes
Canada recommend metformin as a first-line option along with
insulin [11, 15, 20]. However, other guidelines including the
American Diabetes Association (ADA) and American College
of Obstetricians and Gynecologists (ACOG) exclusively recom-
mend insulin as a first-line pharmacotherapy [3•, 4•].

Mechanism of Action

Metformin is a biguanide and decreases glucose production
from the liver (gluconeogenesis) and promotes glucose uptake
by peripheral tissues [21]. It has multiple other mechanisms
that are not fully understood, including suppression of mito-
chondrial respiration [21]. Metformin crosses the placenta
during pregnancy. Barbour and colleagues note in their 2019
commentary that the embryo has few mitochondria during
early gestation, and low levels of organic cation transporters
that transport metformin into cells, making metformin likely
safe in early pregnancy [10].

Possible Benefits

Metformin is a generic, affordable medication. Since it is an
oral medication, it is relatively simple to take properly and
well accepted by patients [22]. It is very unlikely to cause
hypoglycemia.

Meta-analyses have found decreased risk of neonatal hypo-
glycemia, LGA babies, pregnancy-induced hypertension, and
maternal weight gain when comparing metformin with insulin
[23–26]. As there aremultiple adverse outcomes for bothwomen
and fetuses secondary to maternal obesity [27], decreased mater-
nal weight gain is of interest, although the data have not demon-
strated large absolute differences in weight. For instance, in a
study in which 94 women were randomized to insulin or metfor-
min, women on metformin gained an average of 0.53 ± 2.52 kg

compared with women on insulin who gained an average of 2.3
± 2.77 kg (p = 0.002) [28].

There have been several studies examining the effect of
metformin on pregnancy complications in women with poly-
cystic ovarian syndrome (PCOS) which show possible bene-
fits. In 2019, the PregMet 2 trial results were published, dem-
onstrating a trend toward fewer late miscarriages and preterm
births in women with PCOS who were treated with metformin
compared with those treated with placebo during pregnancy
(odds ratio (OR) 0.50, 95% CI 0.22–1.08, p = 0.08) [28].
Interestingly, there was no difference in the secondary out-
come of incidence of GDM. In a post-hoc analysis of 3 trials
including PregMet 2, metformin significantly decreased the
risk of late miscarriage or preterm delivery (OR 0.43, 95%
CI 0.23–0.79, p = 0.004).

Possible Risks

Several studies and meta-analyses have found an increased
risk of preterm delivery in women taking metformin com-
pared with insulin, including the Metformin in Gestational
diabetes (MiG) trial of 751 women [22, 26]. However, not
all studies and meta-analyses demonstrate an increased risk
(including a meta-analysis that also includedwomenwith type
2 diabetes) [24, 25].

Since metformin does cross the placenta, it could have
long-term effects on offspring exposed to metformin in utero.
Two recent studies have addressed this issue by analyzing the
offspring of women who took metformin during pregnancy
after several years of follow-up. TheMetformin in Gestational
diabetes: the offspring follow-up (MiG TOFU) study com-
pared the offspring of 2 cohorts of women with GDM who
were randomized to metformin (and supplemental insulin if
needed) or insulin for treatment [30••]. In this study, offspring
of women included in the trial were assessed at either 7 or
9 years of age. Two-hundred and eight children were assessed
(28% of the original cohort). In the 7 year cohort, there were
no differences in offspring measures including body size mea-
surements, imaging findings on dual-energy X-ray absorpti-
ometry or abdominal magnetic resonance imaging, or fasting
blood tests. In the 9 year cohort, metformin offspring had
significantly larger arm and waist circumferences, waist to
height ratios, and triceps skinfold. Other measures were not
statistically significantly different.

Another study examined offspring of women with PCOS
who were randomized to metformin or placebo during the
pilot and full PregMet study [31••]. Of the participants,
22.8% of women in the metformin group and 32.2% of wom-
en in the placebo group had GDM based on a 75-gram oral
glucose tolerance test (OGTT). There were 182 children (of
292) who were analyzed at 4 years of age, and those who were
exposed to metformin had a higher body mass index (BMI;
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difference in z score = 0.45, 95% CI 0.11–0.78, p = 0.010)
compared with those exposed to placebo.

There is an ongoing study (Metformin in Women with
Type 2 Diabetes, MiTy) in which women on insulin are ran-
domized to concurrent treatment with metformin or placebo,
and investigators plan to follow offspring in MiTy Kids as
well [32].

Another risk is treatment failure of metformin monothera-
py. Trials in which women were randomized to insulin or
metformin (and insulin if needed) have shown that 20 to
46% of women treated with metformin eventually required
insulin to meet glycemic targets [22, 25, 28].

Possible Indications for Use

For women who cannot afford insulin, who decline insulin, or
who cannot administer insulin safely, metformin is a reason-
able alternative therapy (Table 2).

Metformin tends to be most effective in women with
fasting hyperglycemia given the suppression of hepatic gluco-
neogenesis (as opposed to women with predominantly post-
prandial hyperglycemia). Given that metformin can decrease
maternal weight gain, it might also be considered in women
who are overweight or obese or who have excessive gestation-
al weight gain. However, several studies have examined fac-
tors that predict the need for supplemental insulin (in addition
to metformin) to achieve adequate glucose control in GDM.
Those factors include higher fasting glucose at diagnosis, ear-
ly detection of GDM, higher baseline hemoglobin A1c
(HbA1c), and higher BMI [22, 25, 33]. Thus, since women
who are overweight or obese are more likely to require sup-
plemental insulin, clinicians should engage in shared decision-
making with their patients, explaining that they may still re-
quire insulin but could have less weight gain.

Manywomen with PCOS and concurrent insulin resistance
are already on metformin at conception, and metformin is
often continued through the first trimester. Analysis of recent
trials suggests that metformin may decrease risk of preterm
birth or late miscarriage in women with PCOS [29]. Given
some of the possible long-term risks for offspring, it may be
stopped during the second and third trimesters. The decision
of whether to use or continue metformin again requires shared
decision-making.

Dosing

Metformin can be prescribed in various forms including im-
mediate release or extended release, and as either 500 mg or
1000 mg tablets. In pregnant patients, metformin is often ti-
trated much more quickly than in non-pregnant patients. The
typical starting dose is 500 mg twice daily. If glucoses are not
at goal after several days, the dose can be increased by 500 mg
increments.

Metformin has been reported to cause gastrointestinal side
effects including nausea and loose stools in 4 to 46% of wom-
en with GDM [23]. While metformin can cause loose stools,
in our experience, this side effect is typically less bothersome
during pregnancy, likely because many pregnant women ex-
perience constipation.

The extended release form is not very well studied in preg-
nancy, with only one study in women with gestational diabe-
tes [22]. Metformin should not be started in women with an
estimated glomerular filtration rate (eGFR) less than 45 mL/
min/1.73 m2 or with liver disease, as metformin has a rare risk
of lactic acidosis which is greater in these two conditions.

Glyburide

Mechanism of Action

Glyburide (also known as glibenclamide) is a sulfonylurea
and these agents have been widely used in patients with type
2 diabetes [34]. The sulfonylurea receptor is part of the aden-
osine triphosphate-sensitive potassium channel in the pancre-
atic beta cells; this class of medications acts to increase insulin
secretion from the pancreatic beta cell and improve peripheral
insulin sensitivity. Despite the rise in use of glyburide in preg-
nancy, it is not recommended as a first-line therapy in guide-
lines [3•, 4•, 8].

Early in vitro studies suggested that glyburide had minimal
to no placental transfer [35] and glyburide was undetectable in
cord blood when measured by high-performance liquid chro-
matography in a study conducted in 2000 [36]. However, a
more recent study demonstrated cord blood levels of
glyburide to be approximately 70% of maternal levels of
glyburide [37], illustrating that glyburide does cross the
placenta.

Possible Benefits

Glyburide is effective in lowering blood glucose, particularly
in patients with elevated postprandial blood glucose levels.
Similar to metformin, it is an oral medication so it is relatively
simple to take and well accepted by patients (with 78.7% of
women reporting they would use it in a subsequent pregnancy
compared with only 19.1% of women on insulin in a random-
ized trial) [38•]. It is also inexpensive and tends to be well
tolerated with few side effects if taken correctly.

Possible Risks

There have been adverse effects of glyburide reported when
compared with other pharmacologic agents for the treatment
of gestational diabetes. All sulfonylureas can cause weight
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gain. They can also cause maternal hypoglycemia, particularly
if taken without food.

Meta-analyses have demonstrated a higher risk of neonatal
hypoglycemia in women taking glyburide [26, 39]. There

have been mixed conclusions from meta-analyses regarding
the outcomes of birth weight and macrosomia. A 2015 meta-
analysis was conducted that included 7 randomized control
trials comparing insulin to glyburide and 2 trials comparing

Table 2 Pharmacologic agents used in the treatment of gestational diabetes mellitus

Medication Metformin Glyburide Insulin
Mechanism of 
Action

Biguanide: suppression of 
glucose production by liver, 
increased glucose uptake by 
peripheral tissues, and many 
others (not all understood)

Sulfonylurea: increase of 
insulin secretion from 
pancreatic beta cell, 
increased insulin 
sensitivity by peripheral 
tissues

Allows glucose to enter 
cells 

Placental Transfer Yes Yes No
ADA/ACOG 
recommendations
[3,4]

Second-line Second-line First-line

Pregnancy Class 
(FDA)^

B C B (insulin detemir, NPH, 
insulin aspart, insulin 
lispro, insulin regular) or 
C (insulin glargine)

Patient Factors 
That May Favor 
Use

Fasting hyperglycemia
Obesity (though more 
likely to need 
supplemental insulin)
PCOS

Postprandial 
hyperglycemia 

Benefits Decreased maternal 
weight gain
Less neonatal 
hypoglycemia*

Less pregnancy-induced 
hypertension*

Highly effective in 
achieving glucose 
control
Ability to tailor regimen 
to fasting and/or post-
prandial hyperglycemia 

Risks/Adverse 
Outcomes 

Possible increased obesity 
in offspring exposed in 
utero
Possible increased risk of 
preterm birth*

Increased risk of 
neonatal 
hypoglycemia 
Possible increased risk 
of macrosomia, higher 
birth weight*

Could contribute to 
maternal weight gain
Since doesn’t cross 
placenta, no known 
adverse effects on 
offspring 

Cost Inexpensive Inexpensive Varies depending on type 
of insulin and health 
insurance coverage 

Dosing Typical starting dose 500 
mg BID PO with food. Can 
uptitrate to 1000 mg BID. 
(Extended released also 
available, less well-studied)

Typical starting dose 2.5 
mg PO at least 15 
minutes prior to 
breakfast. Can uptitrate 
to 10 mg BID

Variable depending on 
type of insulin, patients’ 
weight and pattern of 
dysglycemia 

Risk of Maternal 
Hypoglycemia

Low Moderate (particularly if 
not taken pre-meal)

Moderate 

Possible Side 
Effects

GI: nausea, loose 
stools/diarrhea, flatulence 

Rare Rare 

Postpartum 
Considerations

Sometimes continued 
postpartum if persistent 
glucose metabolism 
abnormalities
May be continued while 
breastfeeding

Typically stopped after 
delivery 

Typically stopped after 
delivery

* Conflicting data

Abbreviations: PCOS, polycystic ovarian syndrome; ADA, American Diabetes Association; ACOG, American College of Obstetricians and
Gynecologists; FDA, Food and Drug Administration; BID, twice daily; qhs, at bedtime; NPH, neutral protamine Hagedorn; PO, by mouth
^ Prior to 2015, the Food and Drug Administration (FDA) used several pregnancy and lactation categories. Pregnancy category class B =Animal
reproduction studies have failed to demonstrate a risk to the fetus and there are no adequate and well-controlled studies in pregnant
women. Pregnancy class C =Animal reproduction studies have shown an adverse effect on the fetus and there are no adequate and well-controlled
studies in humans, but potential benefits many warrant use of the drugs in pregnant women despite potential risks. [50]
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metformin to glyburide [26]. When compared with insulin,
glyburide was associated with higher birth weight (mean dif-
ference 109 g, 95% CI 35.9–181), more macrosomia (risk ratio
2.62, 95% CI 1.35–5.08) and higher risk of neonatal hypogly-
cemia (risk ratio 2.04, 95% CI 1.30–3.20). There was no dif-
ference in maternal weight gain, third trimester HbA1c, and
severe maternal hypoglycemia when comparing glyburide with
insulin. When comparing the use of metformin with glyburide in
pregnancy, metformin was associated with less maternal weight
gain (− 2.06 kg, 95%CI − 3.98 to − 0.14), less macrosomia (risk
ratio 0.33, 95% CI 0.13–0.81), and fewer LGA babies (risk ratio
0.44, 95% CI 0.21–0.92). Both metformin and glyburide had
similar treatment failure rates. There was no difference in severe
maternal hypoglycemia or third trimester HbA1c levels between
women taking metformin and women taking glyburide. In an-
other retrospective study evaluating over 10,000women onmed-
ical therapy for gestational diabetes, glyburide was associated
with LGA infants and higher rates of neonatal intensive care unit
stay when compared with insulin [40]. In contrast, a 2017 meta-
analysis comparing glyburide with insulin did not find higher
rates of macrosomia or higher birth weights in infants of mothers
taking glyburide [39]. A 2017 Cochrane review found insuffi-
cient high-quality evidence to recommend one oral agent over
another [7]. They identified one study of 159 infants in which
metformin was associated with a decrease in death or serious
morbidity composite compared with glyburide, which they clas-
sified as low-quality evidence.

A randomized controlled trial comparing glyburide with in-
sulin in 914womenwithGDMwas published in 2018 [38•]. The
primary outcome was a composite criterion including
macrosomia, neonatal hypoglycemia, and hyperbilirubinemia.
The frequency of the primary outcome was 27.6% in the
glyburide group compared with 23.4% in the insulin group (dif-
ference between groups 4.2%, one-sided 97.5% CI up to 10.5%,
p = 0.19), primarily driven by higher rates of neonatal hypogly-
cemia in the glyburide group. The authors had pre-specified that
the non-inferioritymargin was 7% and because the upper limit of
the confidence interval of the difference was more than 7%, they
could not conclude that glyburide is non-inferior to insulin. In
other words, the authors still recommended insulin as first-line
therapy based on this study.

Unfortunately to date, there are no studies examining the off-
spring of women exposed to glyburide in utero, which makes it
difficult to compare to metformin. Glyburide does cross the pla-
centa so there could be risks to offspring in long-term follow-up.

Regarding treatment failure, 4–16%ofwomen initially treated
with glyburide required addition of insulin to achieve glycemic
control [3].

Possible Indications for Use

Glyburide can be used for women who decline insulin and/or
are unable to tolerate metformin due to gastrointestinal side

effects. It is likely to be most effective for those with pro-
nounced postprandial hyperglycemia (Table 2).

Dosing

Glyburide is typically started at a dose of 2.5 mg to be taken
15 to 30 minutes prior to breakfast. It can be uptitrated to a
maximum dose of 20 mg daily, which is typically split into
two doses (e.g., 10 mg prior to breakfast and dinner).
Importantly, it should not be taken at bedtime to treat fasting
hyperglycemia. That dosing puts women at risk of hypogly-
cemia overnight and will not effectively treat fasting
hyperglycemia.

Interestingly, when the pharmacokinetics of glyburide
in pregnancy were studied, concentrations of the drug
began to increase within 30 to 60 minutes after inges-
tion [37]. Thus, the investigators recommended that
women take glyburide 30 to 60 minutes prior to eating
so that the rise in glyburide concentration occurs prior
to the elevation in blood sugar [37, 41], though this
timing could be difficult to adhere to on a daily basis.

Other Glucose-Lowering Agents

There is scarce data on other glucose-lowering agents
during pregnancy. Acarbose is an alpha-glucosidase inhib-
itor that reduces intestinal carbohydrate absorption, but
typically causes gastrointestinal side effects. In a random-
ized trial of seventy patients, women were randomized to
insulin, acarbose, or glyburide [42]. Eight of 19 women
on acarbose (41.5%) did not achieve adequate glucose
control and required insulin, but average newborn weight
did not differ from insulin. There is also a case report in
which six pregnant women were treated with acarbose and
it successfully lowered blood glucose [43]. However, all
women had gastrointestinal side effects, though none
needed to stop treatment because of them. Acarbose is
not typically included in guidelines for treatment of
GDM.

Other agents that can be used to treat diabetes out-
side of pregnancy include glucagon-like peptide 1 ago-
nists (GLP1a), dipeptidyl peptidase-4 inhibitors (DPP4i),
and sodium-glucose cotransporter 2 inhibitors (SGLT2i).
These agents have not been adequately studied during
pregnancy and thus should not be used to treat GDM at
this time [44].

Clinical Approach

For all women diagnosed with GDM, we counsel about life-
style changes and refer to a registered dietician. If women are
unable to reach target glucose levels with lifestyle interven-
tions, then pharmacologic intervention is warranted (Fig. 1).
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Medications should be tailored to the GDM pheno-
type, which can be divided into three categories.
Woman can have an insulin resistance phenotype, which
manifests as fasting hyperglycemia, an insulin secretion
phenotype, which manifests as postprandial hyperglyce-
mia, or a mixed phenotype with both abnormalities [45].
The first-line pharmacologic intervention is typically in-
sulin. Insulin NPH (neutral protamine Hagedorn) or oth-
er intermediate or long-acting insulins are often started
to assist in control of fasting hyperglycemia. Rapid-
acting insulin can be added for postprandial hyperglyce-
mia. However, if the patient cannot afford insulin, re-
fuses insulin, or cannot safely use insulin, metformin or
glyburide can be considered (Fig. 1).

If the primary issue is fasting hyperglycemia (an insulin-
resistance phenotype), then metformin can be started. If the pri-
mary issue is postprandial hyperglycemia (an insulin secretion
phenotype), then glyburide may be an effective option (Table 2).

Transitions of Care

Postpartum Screening

After delivery, pharmacologic adjuncts are often
discontinued. While GDM frequently resolves after deliv-
ery, up to one-third of women will have glucose abnormalities
in postpartum screening. After delivery, it is recommended that
all women undergo a 75-gram, 2-hour OGTT between 4 to
12 weeks postpartum [3]. Abnormalities on OGTT include im-
paired fasting glucose (fasting plasma glucose 100–125 mg/dL)
and impaired glucose tolerance (140–199 mg/dL). HbA1c
should also be monitored at least every three years in women
who are overweight and obese and have a history of GDM [46].
Prediabetes is diagnosed with an HbA1c of 5.7 to 6.4% [46].

If the patient is found to have abnormalities in glu-
cose metabolism, the first-line recommendation involves
lifestyle counseling, focusing on achieving a normal

Fig. 1 Clinical approach to treatment of gestational diabetes mellitus. GDM, gestational diabetes mellitus; BMI, body mass index; SMBG, self-
monitoring of blood glucose; PCOS, polycystic ovarian syndrome; IGT, impaired glucose tolerance
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weight, physical activity, and eating a healthy diet.
Women can be re fe r red to Nat iona l Diabe tes
Prevention Programs (DPP) sites in their area, which
offer intensive, behavioral interventions proven to de-
crease progression from prediabetes to diabetes. There
are now certified DPP-based programs offered virtually
as well (www.cdc.gov/diabetes/prevention/lifestyle-
program) [47].

Metformin for Diabetes Prevention and Treatment

The ADA recommends considering metformin for women
with prediabetes and a prior history of GDM because it has
been found to be particularly effective for prevention of type 2
diabetes in this population [47]. In contrast, other drugs in-
cluding sulfonylureas have not been studied for diabetes pre-
vention in women with prediabetes and are not recommended.

Metformin is safe to continue in women who are
breastfeeding. Metformin is excreted into breast milk
but in very small amounts that are not clinically signif-
icant. In two pharmacokinetic studies of women on met-
formin breastfeeding their infants, daily infant intake of
metformin was 0.5–0.65% of the mother’s weight-
adjusted dose [48, 49]. The equivalent daily intake
was 0.13 to 0.28 mg of metformin [49].

Metformin is also a first-line pharmacotherapy for all pa-
tients diagnosed with diabetes given its efficacy, safety, and
affordability.

Conclusion

Given the heterogeneity of GDM, it is important to consider
patient preference and phenotype to guide the choice of ther-
apeutic options. Lifestyle modification continues to be the
foundation of treatment for GDM. If glycemic targets are not
met and patients are not amenable to insulin injections or
unable to use insulin due to cost or other reasons, other phar-
macologic adjuncts should be considered.

Specifically, metformin and glyburide can be used in the
management of gestational diabetes as alternatives to insulin,
yet their effects on offspring are still being investigated. While
oral agents have benefits, namely low cost and ease of use,
they are not as efficacious and somewomenwill fail oral agent
monotherapy and will require insulin to achieve glycemic tar-
gets in pregnancy. Some guidelines consider metformin as
first-line therapy along with insulin. Metformin is associated
with less maternal weight gain, decreased risk of pregnancy-
induced hypertension, and less neonatal hypoglycemia.
Additionally, for women with higher pre-pregnancy BMI
and/or excess gestational weight gain, metformin may be of
benefit as it has been associated with less weight gain during
pregnancy. However, metformin crosses the placenta and

could lead to higher risk of obesity in offspring exposed in
utero. It is most appropriate for women with insulin resistance
and fasting hyperglycemia. The use of glyburide in pregnancy
has been associated with increased neonatal hypoglycemia,
increased birthweight, and macrosomia. It has traditionally
been considered when patients are not amenable to insulin,
are unable to tolerate metformin, and have more pronounced
postprandial hyperglycemia.

Experience with acarbose has been limited to one random-
ized controlled trial and when compared with insulin did not
show a difference in maternal or fetal outcomes; however,
clinical use may be limited due to adverse gastrointestinal
effects. There is no evidence to date on the use of DPP4i,
GLP1a, or SGLT2i agents; therefore, most experts do not
recommend use in pregnancy at this time. Given the paucity
of evidence and gaps in literature, further studies and long-
term follow-up data are needed.
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