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Purpose of review

Climbing obesity rates in women have propelled the increasing prevalence of type 2 diabetes
mellitus (T2DM) in pregnancy, and an increasing number of women with type 1 diabetes mellitus
(T1DM) are also affected by obesity. Increasing recognition that an intrauterine environment
characterized by obesity, insulin resistance, nutrient excess, and diabetes may be fueling the
obesity epidemic in children has created enormous pressure to re-examine the conventional wisdom
of our current approaches.

Recent findings

Compelling data in pregnancies complicated by diabetes, in particular those accompanied by insulin
resistance and obesity, support a fetal programming effect resulting in increased susceptibility to metabolic
disease for the offspring later in life. Recent data also underscore the contribution of obesity, lipids, and
lesser degrees of hyperglycemia on fetal fat accretion, challenging the wisdom of current gestational
weight gain recommendations with and without diabetes. The risks of adverse pregnancy outcomes in
T2DM are at least as high as in T1DM and there remains controversy about the ideal glucose treatment
targets, the benefit of different insulin analogues, and the role of continuous glucose monitoring in T1DM
and T2DM.

Summary

It has become unmistakably evident that achieving optimal outcomes in mothers with diabetes is clearly
impacted by ideal glycemic control but goes far beyond it. The intrauterine metabolic environment
seems to have long-term implications on the future health of the offspring so that the effectiveness of our
current approaches can no longer be simply measured by whether or not maternal glucose values are
at goal.
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INTRODUCTION

The rising prevalence of maternal obesity, estimated
at about one in three pregnant women, has resulted
in rapidly increasing rates of type 2 diabetes mellitus
(T2DM) as well as gestational diabetes mellitus
(GDM) in addition to influencing pregnancy risk
in many women with type 1 diabetes mellitus
(T1DM) [1]. This perspective highlights major
conceptual changes on the importance of the
intrauterine environment in women with pre-
existing diabetes and obesity on the long-term
health of the offspring. It reviews the pregnancy
outcomes in women with T1DM versus T2DM
despite similar glycemic control, discusses our
current understanding of glucose targets and the
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treatments we use to try to achieve them, and
emphasizes the importance of preconception
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KEY POINTS

� An intrauterine environment that exposes the fetus to
excess glucose, lipids, inflammation, growth factors,
and cytokines may promote adipogenesis, alter
appetite regulation, adversely affect pancreatic, renal,
and hepatic development, and modify mitochondrial
function, partly through epigenetic influences, resulting
in long-term metabolic risk to the offspring.

� Maternal obesity commonly complicates pregnancies
with GDM, T2DM, and even T1DM and independently
increases the risk of adverse pregnancy outcomes
including major malformations, preeclampsia,
pregnancy loss, and stillbirth. As a result, pregnancy
complications in T2DM are at least as common as
in T1DM.

� The current IOM guidelines may be too liberal for
women who are overweight or obese and less weight
gain or no weight gain may be beneficial to improve
pregnancy outcomes.

� Normal glucose levels in pregnancy are lower than
usually recognized, but it is not clear whether targeting
a lower glucose treatment threshold will improve
pregnancy outcomes. Long-acting insulin analogues,
insulin pumps, and continuous glucose monitors may
have some advantages in achieving glycemic control,
but pregnancy outcomes have yet to be convincingly
improved by their use.

� Effective contraception until the A1C can be
normalized and a healthier weight can be achieved
may be more powerful in improving pregnancy
outcomes than interventions during pregnancy itself.
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counseling and effective contraception in women
planning for pregnancy.
DIABESITY BEGETS DIABESITY:
INTERGENERATIONAL INFLUENCE OF
MATERNAL DIABETES, OBESITY, AND
NUTRIENT EXCESS

The Developmental Origins of Health and Disease
(DoHAD) hypothesis, now substantiated by exten-
sive animal and human research, supports that both
maternal nutrient deficiency as well as nutrient
excess results in an acquired susceptibility to meta-
bolic disease later in life which is programmed in
utero and in early infancy [2–4]. Given the strong
associations between maternal diabetes and obesity
and the risk of childhood obesity and glucose intol-
erance, the metabolic milieu of the intrauterine
environment is now considered to be a critical
risk factor for the genesis of adult diabetes and
cardiovascular disease [5]. The evidence of this fetal
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programming effect has become one of the most
compelling reasons why optimizing maternal
glycemic control, identifying other nutrients con-
tributing to excess fetal fat accretion, improving
maternal insulin resistance and inflammation,
emphasizing weight loss efforts before pregnancy,
ingesting a healthy low-fat diet, and avoiding exces-
sive weight gain are so critical and carry long-term
health implications to both the mother and her
offspring. Epigenetics provides a conceptual frame-
work of how metabolic factors (glucose, lipids,
amino acids, growth factors, cytokines) in the intra-
uterine environment could alter DNA methylation
and histone modification to change gene expression
[6,7]. Such changes may modify number, growth,
and function of many cells, promote adipogenesis,
and later impact hypothalamic appetite regulation,
pancreatic function, and alter mitochondrial and
kidney function in the offspring. Even modest
hyperglycemia in rats results in overweight off-
spring, changes in beta cell function possibly
because of pancreatic islet exhaustion, and causes
arterial hypertension, in part because of decreased
nephron number [8]. There are also data in animal
and nonhuman primate models to support that a
maternal high-fat diet and obesity can influence the
offspring’s mesenchymal stems cells to differentiate
along adipocyte rather than osteocyte pathways
[9,10]. Further, this intrauterine environment
invokes changes in the serotonergic system result-
ing in increased anxiety [11], affects neural path-
ways involved with appetite regulation, promotes
lipotoxicity in the fetal liver and regulates gluconeo-
genic enzymes generating histology consistent with
nonalcoholic fatty liver disease (NAFLD) [12,13],
alters mitochondrial function in skeletal muscle,
and programs beta cell mass in the pancreas
[4,14–17].

In most cases of T2DM, GDM, and often in
T1DM, the maternal metabolic environment is
characterized by insulin resistance and inflam-
mation, and both conditions increase fetal growth
[18]. Maternal insulin resistance shunts all nutrient
excess to the fetus including glucose, triglycerides
(TGs), free fatty acids (FFA), and amino acids all of
which can be used for fetal fat accretion and excess
fetal growth. Furthermore, the placental transcrip-
tome is a target of the altered environment of diabetic
and obese pregnancies. Genes for lipids and amino
acid transport are upregulated in the placentas of
women with diabetes, as are genes for inflammatory
pathways [19,20]. The Pima Indian population,
which shares similar genetics and a postnatal
environment, has demonstrated that offspring born
to mothers who have T2DM or GDM have up to a
six-fold risk of developing T2DM as a young adult
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compared to an offspring born to the mother before
she developed diabetes [21], strongly implicated non-
genetic effects related to the intrauterine environ-
ment, and likely due to impaired insulin secretion
and insulin sensitivity [22]. Similar patterns have
been demonstrated with the effect of maternal
obesity alone, as supported by data that siblings born
before maternal bariatric surgery are at a much
greater risk for obesity than siblings born after weight
loss surgery [23]. Recently,Brumbaugh and our group
demonstrated that newborns of obese GDM mothers
also have evidence of increased intrahepatic fat at
birth using NMR spectroscopy [24], possibly due to
increased FFA flux across the placenta that is depos-
ited in the liver, potentially increasing the risk for
NAFLD later in childhood. This scenario creates enor-
mous potential on a public health level for the inci-
dence of T2DM to escalate as these children with
impaired glucose tolerance become mothers them-
selves, perpetuating the cycle.
ROLE OF OBESITY ALONE IN ADVERSE
PREGNANCY OUTCOMES: MORE THAN
JUST THE GLUCOSE

By the most recent NHANES statistics, 56% of black
women aged 20–39, 34–38% of Hispanic or Mexican
American women, and 27% of white women are
obese [1]. In addition to its association with multiple
maternal complications, failed induction of labor,
increased perinatal mortality, and lactation failure,
maternal obesity independently increases the risk of
first trimester and recurrent pregnancy losses and
congenital malformations including central nervous
system (CNS), cardiac, gastrointestinal defects, and
cleft palate [25]. In fact, bariatric surgery has been
shown to improve pregnancy outcomes in women
with severe obesity [26], especially in the develop-
ment of GDM, preeclampsia, macrosomia, and cesar-
ean delivery. One study concluded that for every unit
increase in BMI, the relative risk of a neural tube
defect increased 7% [25]. Because so many women
with T2DM or GDM are also obese, in addition to a
growing number of women with T1DM, all of these
complications increase the risk of poor pregnancy
outcomes in these populations. Harmon and our
group have shown that obese women with normal
glucose tolerance have higher glycemic patterns
throughout the day and night by continuous glucose
monitoring (CGM) compared to normal weight
women both early and late in pregnancy [27], despite
a controlled diet. Interestingly, maternal TGs and
FFAs were also higher in the obese women and were
more strongly correlated with infant adiposity than
maternal glucose, which is supported by other
studies [28–30]. Women with obesity or diabetes
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complicated by obesity often have underlying hyper-
tension, hyperlipidemia, and inflammation, all of
which lead to increased oxidative stress and may
explain some of the increased risk of congenital
malformations in T2DM women, despite similar gly-
cemic control compared to their normal weight
T1DM counterparts.

Theprevalenceof childhood obesity is�2.5 times
higher in offspring of obese women compared to
women with normal BMIs [31,32]. Importantly, the
majority of large gestational age (LGA) babies(>90th
percentile) are not born to mothers with diabetes or
GDM but to overweight and obese mothers [33,34].
Pregnant women who are obese (maternal obesity) is
also an independent risk factor for excess neonatal
fat, a more important predictor of childhood adi-
posity, and a stronger risk factor than GDM in pre-
dicting offspring obesity by dual-energy X-ray
absorptiometry (DXA) at 9 years of age 16 [33].
ARE IOM GUIDELINES FOR WEIGHT GAIN
TOO LIBERAL AND ARE DIET AND
PHYSICAL ACTIVITY INTERVENTIONS
WORTH THE EFFORT?

The Institute of Medicine (IOM) published new gesta-
tional weight gain (GWG) guidelines in 2009 given
the increasing recognition of the role of obesity on
adverse pregnancy outcomes. The IOM did not offer
any GWG guidelines specific to women with diabe-
tes. Surprising to many, the IOM guidelines were
minimallymodified compared to the1999 guidelines
[35–37]. The guidelines were unchanged for under-
weight, normal weight (BMI 18.5–24.9: 25–35 lbs),
and overweight (BMI 25–29.9: 15–25 lbs) women.
For obese women, they recommended an upper limit
to weight gain (BMI�30: 11–20 lbs) but provided no
distinction for classes of obesity. Many experts voiced
disappointment in the 2009 guidelines because there
is much data to support lower GWG recommen-
dations, especially for overweight and obese women
[37,38]. The Harvard Project Viva studied 1044
mother–child pairs to study GWG and offspring
adiposity at 3 years of age [39]. Women who gained
according to the IOM guidelines still had a nearly
four-fold increased risk of having a 3-year-old �95th
percentile for weight compared to those who gained
less than the guidelines recommended, but those
who gained less than the recommended guidelines
did not have an increased risk of delivering a small-
for-gestational age (SGA) infant. Another study using
this cohort [40] found that the lowest predicted
prevalence of the five adverse outcomes (LGA,
SGA, preterm delivery, postpartum weight retention,
and childhood obesity) was associated with a weight
gain of �25 lbs in normal weight women, a weight
ns www.co-endocrinology.com 259
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loss of�3 lbs in overweight women, and a weight loss
of�17 lbs in obese women. Many other studies in the
literature support no minimal or weight gain for
obese women and even slight weight loss for Class
II (BMI � 35) or Class III (BMI � 40) obese women
[37,38,41] to avoid both SGA and LGA. Long-term
childhood risk with excess GWG was evaluated [42]
in nearly 5000 children of ages 14–22 from the 1979
National Longitudinal Survey of Youth and it was
determined that GWG clearly increased LGA, post-
partum weight retention, and child overweight but
that SGA only decreased with GWG in underweight
and normal weight mothers. The investigators
recommended an optimal GWG of 11 lbs for over-
weight mothers but an optimal GWG of 0–11 lbs in
obese mothers. It has been shown thatalthough there
is a clear relationship between GWG and birth weight
in underweight and normal weight women, this
relationship is not the case for obese women
[37,43–45]. In a systematic review of outcomes of
the 35 highest quality studies drawn from the report
conducted for the Agency for Healthcare Research
and Quality (AHRQ), the authors concluded that
there was strong support between excessive weight
gain and LGA but only strong support between
inadequate weight gain and SGA in normal and
underweight women [46]. The occurrence of SGA
in overweight, obese, or women with diabetes is
usually because of placental insufficiency from other
maternal morbidities including vascular or renal dis-
ease or hypertension, and not related to weight gain.
Further, the AHRQ encouraged the IOM to re-evalu-
ate the GWG guidelines for overweight and obese
women given these findings.

There are retrospective data in overweight GDM
women that less GWG than the IOM guidelines
results in a decreased need for insulin and lowers
macrosomia (birth weight � 4000 gm) [47] and that
women who actually lose �3 lbs between diagnosis
of GDM and delivery have lower infant birth
weights but no increase in SGA [48]. Further, recent
data from retrospective cohort of 58 obese women
with T2DM suggested that GWG less than 5 kg was
associated with a lower LGA rate and less perinatal
morbidity [49]. Targeting the diet has been modestly
effective in minimizing excess GWG and physical
activity interventions are safe, but compliance is low
even though they have the potential to decrease
LGA [50,51]. Women with GDM may benefit even
more [52] and in a meta-analysis of seven studies
using activity-based interventions in GDM women,
five of seven showed improvement in glycemic
control or limiting insulin use. In a recent review
of the literature, this author [37] suggested that the
lower limits of GWG be used for normal weight
(25 lbs), overweight (15 lbs), and obese women
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(11 lbs), but that there are adequate data to support
no GWG for women with a BMI more than 35.
Further, overweight and obese women with diabetes
are likely to benefit even more from lower GWG
goals because GWG further worsens the insulin
resistance of pregnancy, results in a higher postpar-
tum weight retention, and leads to a higher prepreg-
nancy BMI when going into the next pregnancy.
NORMAL GLUCOSE LEVELS IN
PREGNANCY LOWER THAN EXPECTED
AND LACK OF ROBUST TREATMENT
TARGETS IN DIABETES

A recent careful review of the literature by Hernan-
dez and our group demonstrated that normal preg-
nant women (BMI 22–28) during the third trimester
have on average a fasting blood glucose (FBG) of
71 mg/dl; a 1-h postprandial glucose of 109 mg/dl;
and a 2-h postprandial value of 99 mg/dl, which are
much lower than typically appreciated and signifi-
cantly lower than the current targets for glycemic
control [53]. Gestational age and maternal BMI
affect ‘normal’ glucose levels and a longitudinal
study of 32 healthy, normal weight women between
16 weeks gestation and 6 weeks postpartum dem-
onstrated a rise in mean glucose levels from 82 mg/
dl at 16 weeks to 94 mg/dl at 36 weeks which was
maintained at 6 weeks postpartum using CGM [54].
Two hour postprandial levels were increased rising
from�96 mg/dl at 16 weeks to a peak of 111 mg/dl at
36 weeks. As noted earlier in our series using CGM in
normal and obese women, obese women have
higher glycemic patterns throughout the day and
night, early and late in pregnancy by an average of
�10 mg/dl compared to normal weight mothers
[27], even when diet is carefully controlled.

Treatment targets for fasting and postprandial
glucose levels in women with pre-existing diabetes
or GDM have not been the subject of carefully
randomized controlled trials. In a systematic review
and meta-analysis, it was concluded that a FBG
target of less than 90 mg/dl was associated with
the most reduction in the risk of macrosomia (odds
ratio 0.39); LGA (odds ratio 0.68); neonatal hypo-
glycemia (odds ratio 0.65); and preeclampsia (odds
ratio 0.47), primarily from data in GDM women
evaluated in the third trimester [55]. Data to support
current postprandial targets of less than 140 mg/dl
at 1h and less than 120 mg/dl at 2h are weaker
because of significant heterogeneity between the
studies and the lack of RCT comparing two or more
thresholds and their impact on critical outcomes.
These goals may need to be less aggressive in women
with T1DM who have hypoglycemic unawareness.
The fetus has no ability to increase its glucose
Volume 21 � Number 4 � August 2014



Changing perspectives in pre-existing diabetes and obesity in pregnancy Barbour
because of immature hepatic gluconeogenic
capacity, and thus prolonged hypoglycemia can
be life threatening to both the mother and the fetus
with unknown neurodevelopmental consequences
[18].
ARE PREGNANCY OUTCOMES WORSE IN
T1DM COMPARED TO T2DM?

In many populations because of the rising obesity
rate, T2DM has exceeded T1DM in women of child-
bearing age [18]. Pregnant women who have T2DM
are at least as high of a risk of pregnancy compli-
cations as women with T1DM [56] because of
additional risks of obesity, older age, a lower rate
of preconception counseling, and the coexistence of
the metabolic syndrome including hyperlipidemia,
hypertension, and chronic inflammation [57,58]. In
addition, because of the common occurrence of
obesity, they may more often have undiagnosed
sleep apnea with underlying pulmonary hyperten-
sion, be at higher risk for thromboembolism, and
commonly have unsuccessful labor resulting in
cesarean delivery. The causes of pregnancy loss seem
to differ in women with T1DM versus T2DM with
more pregnancy losses in T1DM because of major
congenital anomalies or prematurity [58] compared
to T2DM, when most were attributable to stillbirth
or chorioamnionitis, suggesting that obesity plays a
major role. In a recent cohort of 272 women with
T2DM in the Netherlands with a mean BMI of �32
and reasonable glycemic control, preterm birth was
still �20%, LGA occurred in about one-third, and
the perinatal mortality rate was �5% [56].
INSULIN TREATMENT OPTIONS AND
UTILITY OF CGM
Increasingly, individuals with diabetes, especially
those with T1DM and difficult-to-control T2DM
are being managed with a flexible intensive self-
management program in which they learn to dose
their short-acting insulin to a premeal correction
factor and carbohydrate to insulin ratio [18,59,60].
Lispro and Aspart have been used in multiple trials
in pregnancy and are superior to regular insulin with
improvement in postprandial glycemia with
reduced hypoglycemia [61] whereas fetal outcomes
were similar. Long-acting insulin analogues such as
Glargine and Detemir also seem to be safe [62,63]
without evidence of an increased mitogenic effect
from Glargine compared to neutral protamine Hage-
dorn (NPH). The efficacy and safety of Detemir have
been confirmed in a multinational RCT involving
310 women [63] with no differences in maternal or
neonatal outcomes, a slightly lower fasting glucose,
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but no difference in major and minor hypoglycemia
rates and A1C’s were similar. NPH is still often useful
immediately before bedtime to take advantage of its
6–8-h peak to bring down fasting glucose levels,
especially when the longer-acting insulins with a
flatter profile are not successful in controlling the
dawn effect associated with fasting hyperglycemia.
There are no definitive studies favoring insulin
pumps over multiple daily injections [64]. Random-
ized control trials of multiple daily injections versus
the insulin pump generally showed equivalent gly-
cemic control and perinatal outcome, but the pump
can be especially useful for patients with nocturnal
hypoglycemia or a prominent dawn phenomenon
[64]. However, insulin delivery failure from a kinked
catheter can result in DKA rapidly, which occurs at
lower glucose levels in pregnancy [18], so it is
optimal to start pump therapy before conception
because of its steep learning curve and the rapidly
changing insulin sensitivity in pregnancy requiring
frequent changes to basal and bolus rates. The use of
oral hypoglycemic agents in women with T2DM is
likely to have a high failure rate because of the
greater beta cell dysfunction and insulin resistance
in this population (see Unresolved Controversies in
GDM). A very small study of 28 women diagnosed
with T2DM or early GDM were randomized to met-
formin versus insulin with 43% of the women in the
metformin group requiring insulin therapy [65] and
a larger trial adding metformin to insulin in women
with T2DM (MiTY trial) is underway.

Using CGM technology may help identify
periods of unrecognized hyper or hypoglycemia
and certainly confirm glycemic patterns. Inonestudy
using intermittent blinded CGM in which the infor-
mation was used by the health-care team to adjust
insulin treatment, there was improved glycemic con-
trol in the third trimester and a reduction in macro-
somia rates [66]. In another study of intermittent use
of real-time CGM (where results are simultaneously
displayed), there was no improvement of glycemic
control or macrosomia [67]. It must be emphasized to
the patient that the values displayed by CGM should
not be used to dose insulin given the interstitial
glucose values are dependent on the one preceding
it, the physiological diffusion of blood into capillaries
and separation to interstitial fluid creates a time
measurement delay, and calibration errors are not
infrequent [68]. In one study outside of pregnancy,
the use of a closed-loop system, which uses compu-
terized algorithms to link insulin delivery with CGM
glucose levels in real time, resulted in less hypogly-
cemia [69] but use in pregnancy will require resol-
ution of the current challenges of obtaining the
necessary precision and developing effective and safe
algorithms. There are no standardized approaches to
ns www.co-endocrinology.com 261
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define and analyze the enormous amount of data
offered by CGM to facilitate comparisons among
research studies. A recent study from Hernandez
and our group defines pregnancy-relevant CGM-
derived glucose variables and offers a methodologic
approach to characterize 24-h glycemic profiles for
the study of fetal growth and neonatal adiposity [68].
CONCLUSION

Clearly, it is imperative that all women of child-
bearing age with diabetes receive preconception
counseling about the critical importance of optimiz-
ing glycemic control (A1C<6.5) to prevent major
malformations which occur at �5–8 weeks
gestation [70,71], before most women know they
are pregnant. For obese women with or without
diabetes, eating a healthy diet and trying to achieve
weight loss BEFORE pregnancy is critical given the
importance of prepregnancy BMI in maternal and
childhood outcomes. Providing effective birth con-
trol until women are ready to conceive has the
power to reduce the malformation rate to that of
the nondiabetic population [72]. There are no
adequate breastfeeding studies in regard to milk
composition or infant fat development as yet in
T2DM and scant data in T1DM, but breastfeeding
rates in these populations have recently been shown
to be less than half of the rates seen in women
without diabetes [73]. It has become evident that
the optimal preconception, antepartum, and post-
partum management of women with diabetes or
obesity has far-reaching implications to the long-
term health of both the mother and her offspring
and that randomized trials which follow the
mothers and infants through childhood, although
expensive, are critical to positively impact the trans-
generational effects.
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