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Gestational diabetes mellitus (GDM) is glucose intolerance that is first recognized during
pregnancy (1). GDM is a composite of two groups of diabetic women (2). One group is
unaware of its diabetic status before conception (unrecognized pre-GDM). The other group has
onset of diabetes during the third trimester of pregnancy. Both the time of onset and the
duration of uncontrolled diabetes have important implications for pregnancy outcomes (3).

Uncontrolled pre-GDM threatens fetal-maternal health because of an increased risk of
miscarriages and birth defects compared with non-diabetic pregnant women, as well as a risk
for deterioration of preexistent maternal microvascular complications (4). Diabetes with onset
during late gestation bypasses the temporal risk for early complications seen in uncontrolled
pre-GDM. However, any uncontrolled diabetes during late pregnancy contributes to perinatal
morbidity and mortality (fetal overgrowth, traumatic deliveries, stillbirths, neonatal
hypoglycemia); and increases the lifetime risk for metabolic syndrome, impaired glucose
tolerance (IGT) and type 2 diabetes in both the mother and her offspring (5, 6).

This presentation has 3 objectives. The first objective is an introduction to hormonal control of
carbohydrate metabolism during a normal pregnancy and a pregnancy complicated by GDM.
The second objective is the justification of medical care after GDM. The third objective is a
discussion on interventions for prevention of diabetes and vascular complications after GDM.

Epidemiology of GDM and postpartum diabetes

The annual number of pregnancies in the United States approximates 6 million (7). GDM is
diagnosed in 2 to 5% of all pregnancies, which translates into 120,000 to 300,000 mother-
newborn pairs affected by GDM each year (8). The prevalence of GDM varies among
racial/ethnic groups being higher among Native-American, Asian, African-American, and
Hispanic women compared with non-Hispanic white women (6, 9).

Many clinical and obstetric characteristics have been associated with the development of GDM
(4). These characteristics include ethnicity, advanced maternal age, family history of diabetes,
overweight status before pregnancy, amount of weight gain during pregnancy, physical
inactivity, polycystic ovarian syndrome, parity, >1 fetus per pregnancy, fetal overgrowth, and
stillbirth on a previous pregnancy. In addition, a history of GDM is a strong risk factor for
recurrent GDM, particularly if associated with weight gain between pregnancies or with an
early diagnosis of GDM that required insulin therapy (10).

Ninety percent of women with GDM experience a return to normal glucose concentrations
shortly after delivery because the decrease in insulin sensitivity characteristic of pregnancy
improves to pre-pregnancy levels once the placenta is out (11, 12). Reports on the risk for
subsequent type 2 diabetes have spanned 6 weeks to 28 years postpartum, and indicated a
prevalence of type 2 diabetes ranging from 2.6 to 70% depending on the criteria used to
diagnose GDM, length of postpartum follow-up and retention rates (Figure 1) (13). Fifty
percent of women with a history of GDM will develop type 2 diabetes by 5 years postpartum
and 10 to 31% of parous women with diabetes would have a history of GDM (14).
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The predictors of type 2 diabetes after GDM are as many as the predictors of GDM (15-17).
Large observational studies in Hispanic women during pregnancy and postpartum have shown
that the strongest predictor for type 2 diabetes after GDM was the glucose tolerance assessed 4
to 16 weeks postpartum with a 2- hour 75-gram oral glucose tolerance test (OGTT). This
predictor was assessed as glucose area under the curve. Next in the hierarchy of risk factors
was the severity of fasting hyperglycemia during pregnancy, a diagnosis of GDM early in
pregnancy, and the glucose area under the pregnancy 3-hour 100-gram OGTT curve. Although
weight gain and parity have also been associated with deterioration to type 2 diabetes, these
associations disappeared with inclusion of multiple predictors in multivariate analysis (18).

Up to 10% of women with GDM have autoantibodies to pancreatic islets or to B-cell antigens at
delivery (19, 20). These women are often white, lean, from European descent, and likely to
require insulin therapy during pregnancy. Thirty four percent of autoantibody positive GDM
women remained hyperglycemic after delivery and 81% of them progressed to diabetes within
one year postpartum (Figure 2). These women seemed to have type 1 diabetes in evolution
and most deteriorated rapidly to uncontrolled diabetes in the postpartum period. Postpartum
progression to diabetes in women with GDM without autoantibodies was affected by the
requirement of insulin during pregnancy, BMI and the number of previous pregnancies (19).
Concentration of C-reactive protein was not a significant predictor of diabetes in women with
GDM without autoantibodies after adjusting for BMI. Mutations responsible for maturity onset
diabetes of the young (MODY) have been found in women with GDM and are favored to
represent preexistent diabetes detected during pregnancy (1).

Diagnosis of diabetes in pregnancy

Large medical centers serving groups traditionally classified as ethnic minorities in the United
States have a universal screening policy for GDM. A fasting plasma glucose (FPG) 2126 mg/dL
or a random plasma glucose 2200 mg/dL, confirmed on a subsequent day, is diagnostic of



diabetes at any time during pregnancy (4). Most obstetric care in the United States follows a 2-
step process to diagnose diabetes between 24 and 28 weeks of gestation (Figure 3) (21).

Figure 2. Predictors of diabetes after GDM. No stratification by number of pregnancies was
done because of a limited number of cases. Adapted from reference 19.
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The first step is a screening test with a 50-gram oral glucose challenge done at any time of the
day regardless of the time of the last meal (22). A plasma glucose concentration 2140 mg/dL at
1 hour after the glucose challenge is an abnormal screening result that needs confirmation with
the diagnostic 3-hour oral glucose tolerance test (OGTT). The glucose load during the 3-hour
test is 100 grams. Two abnormal plasma glucose concentrations are needed to diagnose GDM
during the 3-hour test.

These diagnostic criteria date back to the work started by Wilkerson, O’Sullivan and Mahan in
the late 1950s in Boston (23-25). These criteria were developed to identify women at risk for
type 2 diabetes after pregnancy. Their cutoff values for abnormal glycemia in whole blood
were modified by Carpenter and Coustan to the 14% higher plasma equivalents used today by
many international organizations including the American Diabetes Association (4).

The Hyperglycemia and Adverse Pregnancy Outcomes (HAPQO) study was designed to address
the lack of uniform international standards for the diagnosis of GDM (26). HAPO analyzed data
from 23,316 pregnant women in 15 centers from 9 countries. The purpose of the study was to
examine the risk of perinatal morbidity and birth trauma associated with maternal glucose
intolerance less severe than the glucose concentrations in diabetes. All participants had a 2-
hour OGTT with 75 grams of glucose at a mean gestational age of 28 weeks. The results on
perinatal morbidity were reported in 2008 and it is anticipated that further data analysis will
provide new guidelines for uniform diagnosis of GDM worldwide.
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Carbohydrate metabolism during pregnancy

Maternal fasting glucose concentrations decrease and postprandial glucose concentrations
increase during a normal pregnancy (4). Physiologic insulin resistance manifests around mid
pregnancy to secure the availability of glucose for the fetus at a time of accelerated growth (3,
27, 28). Concurrently, maternal energy requirements rely more on fat metabolism. A normal
pregnancy balances physiologic insulin resistance with a doubling of insulin secretion by
pancreatic B-cells (4).

Lean and obese women in the planning stages of a pregnancy have been studied longitudinally
2 to 3 months before pregnancy, at 12 to 14 weeks of gestation and at 34 to 36 weeks of
gestation (Figure 4) (29-31). Some lean and some obese women developed GDM. When
matched by percent body fat, the magnitude of the decrease in insulin sensitivity between the
baseline non-pregnant state and late gestation was 50 to 56% in all women regardless of
percent body fat and GDM status.

Although the magnitude of the change in insulin sensitivity during pregnancy was similar in the
4 groups of women studied, the baseline non-pregnant insulin sensitivity was not. Healthy lean
women were the most insulin sensitive before conception as determined by the glucose
infusion rates at the end of euglycemic hyperinsulinemic clamps. Next were the healthy obese,
GDM lean, and GDM obese women. Therefore, women destined for GDM had worse baseline
insulin sensitivity than women destined for normal glucose tolerance during pregnancy.

Studies done 2 to 36 months after delivery have shown a persistent difference in carbohydrate
metabolism between women with and without a history of GDM (Figure 5) (32, 33). When
normoglycemic women with and without GDM were matched for age and percentage of ideal
body weight, the GDM group had lower insulin secretion and lower insulin sensitivity as
measured by intravenous glucose tolerance tests (IVGTTs) (34). Women with GDM had 40 to
70% lower insulin secretion for any degree of insulin resistance throughout pregnancy and the
postpartum period (1, 35).



Figure 4. Insulin sensitivity before and during pregnancy stratified by percent body fat and
GDM status. Adapted from references 29-31.
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Figure 5. Insulin secretion and insulin sensitivity examined after pregnancies with and
without GDM. Acute insulin response to glucose is a measurement of insulin secretion. Sl
stands for the sensitivity index obtained from an intravenous glucose tolerance test (32, 33, 36).
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Maternal cardiovascular risk after GDM

Women with a history of GDM have a higher risk for the metabolic syndrome, markers of
subclinical cardiovascular disease, and clinical cardiovascular disease compared with women
without such history (37-42). Specifically, women with previous GDM have higher BMI, higher
blood pressure, increased LDL-C, increased triglycerides, decreased HDL-C, impaired endothelial
function, higher prevalence of microalbuminuria, higher prevalence of abnormal
electrocardiograms, and higher prevalence of cardiovascular events. Women with a history of
GDM and pre-pregnancy obesity have the highest risk for metabolic syndrome years after
delivery (43).

Women with a history of GDM, normal blood pressure and normal glucose tolerance
postpartum have endothelial dysfunction independent of obesity (44). Endothelial dysfunction
was measured in this study as the percent increase in brachial artery diameter following
deflation of the blood pressure cuff. Endothelial function was abnormal before development
of glucose intolerance postpartum. Women with prior GDM also have increased carotid intima-
media thickness in the absence of metabolic syndrome or diabetes when compared to lean,
control women (45).

A subanalysis of the Genetics of Non-Insulin Dependent Diabetes (GENNID) study on parous,
obese women with first-degree relatives with type 2 diabetes showed a 3-fold higher risk for
metabolic syndrome in women with prior GDM compared with women with no GDM 30 years
after the index pregnancy (46). Women with prior GDM also had a higher frequency of self-
reported cardiovascular events, which occurred at a younger age (average age of 46 vs. 53
years, P=0.02). These results agree with a higher prevalence of cardiovascular events in women
with family history of type 2 diabetes and history of GDM.

Effect of the intrauterine environment on the health of the offspring

Exposure to maternal diabetes in late gestation is associated with increased risk of obesity and
carbohydrate intolerance in the offspring (47). Serial amniocenteses done for assessment of
lung maturation showed increased insulin concentrations in amniotic fluid near term and higher
cord C-peptide to glucose ratio in diabetic pregnancies compared with non-diabetic
pregnancies (48). A strong correlation between amniotic fluid insulin levels and increased BMI
in adolescents has been interpreted as evidence of an association between fetal
hyperinsulinemia and childhood obesity (49).

This section discusses 3 studies that control for a genetic contribution to diabetes risk in type 1
diabetes, type 2 diabetes and a rodent model of drug-induced diabetes (50-52). It is worth
mentioning a study of mother-daughter pairs showing that shared lifestyle habits after birth
also contribute to early onset of obesity and metabolic abnormalities in the offspring (53).

Contribution of maternal type 1 diabetes to diabetes risk in the offspring
Adult non-diabetic offspring of only one parent with type 1 diabetes were selected if born after
the parental diagnosis of diabetes, if autoantibodies associated with type 1 diabetes were not



detected, and in the absence of a family history of type 2 diabetes in a first-degree relative (50).
In order to control for the genetic contribution of type 1 and type 2 diabetes, offspring of type 1
diabetic fathers were the control group and offspring of type 1 diabetic mothers were the
group with intrauterine exposure to diabetes.

The adult offspring was evaluated with a 2-hour OGTT, a continuous glucose infusion with
increases in glucose delivery rates at pre-specified times, and a euglycemic hyperinsulinemic
clamp. All offspring from type 1 fathers had normal glucose tolerance (NGT). The offspring
from type 1 mothers either had NGT or impaired glucose tolerance (IGT). No significant
differences in insulin sensitivity or adiposity were identified between the control and the
exposed offspring. However, insulin secretion was compromised in the exposed group, more so
in the IGT exposed offspring than the NGT exposed offspring compared with the NGT control
offspring. These results suggest that exposure to a diabetic environment during a pregnancy
complicated by type 1 diabetes increases the risk of IGT and type 2 diabetes in the offspring.

Contribution of maternal GDM or type 2 diabetes to diabetes risk in the offspring

The Pima Indians of Arizona have participated in a longitudinal study of diabetes since 1965
(54). The protocol includes 2-hour 75-gram OGTTs every other year after age 5. Discordant
uterine exposure to maternal diabetes was examined in siblings born before and after a
maternal diagnosis of diabetes (55). The results revealed that 73% of the Pima Indian siblings
exposed to maternal diabetes during pregnancy became diabetic during childhood or youth
compared to 33% of the Pima Indian siblings not exposed to maternal diabetes during
pregnancy (OR=3.7, P=0.02). Likewise siblings exposed to diabetes in the womb were more
prone to obesity than siblings not exposed to diabetes before birth (P for mean
difference=0.003) (56).

Studies in rodents - Contribution of drug-induced diabetes to diabetes risk in the offspring
Adult female Wistar rats received one dose of IV streptozotocin on the day of mating to cause
drug-induced diabetes (52). The morphology of the pancreas was studied in this group of rats
as well as in the next 2 generations. Generation 1 (exposed to STZ) and generation 2 (exposed
to the diabetic intrauterine environment) failed to respond to the physiologic insulin resistance
of pregnancy with an increase in the percent of B-cells in late gestation. A study of the fetuses
in generation 2 and generation 3 showed lower percent of B-cells compared with control
fetuses.

Interventions to prevent type 2 diabetes after GDM

Three interventions are associated with decreased risk of type 2 diabetes after a pregnancy
with GDM. These interventions are lifestyle modification, pharmacologic treatment and
lactation. The three interventions seem to work by fighting the deleterious effect of a second
metabolic insult like obesity and/or insulin resistance (57).

Lifestyle changes
A subanalysis from the Diabetes Prevention Program (DPP) focused on the incidence of
diabetes in parous women (58-60). The main inclusion criterion in this multiethnic cohort was
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the combination of impaired fasting glucose and IGT. Sixteen percent of the DPP women
reported a history of GDM and had their baseline evaluations an average of 12 years after their
GDM pregnancy. Specifically, this subanalysis compared the responses to intervention with
intensive lifestyle modification, metformin or placebo in parous women with (n=350) and
without (n=1,416) history of GDM (Table 1). The number needed to treat over 3 years with
intensive lifestyle or metformin to prevent one case of diabetes was estimated to be 5 to 6.

Table 1. Incidence of diabetes after GDM in subanalysis from the DPP (58).

Placebo Metformin Intensive lifestyle
GDM No GDM GDM No GDM GDM No GDM
(n=122)  (n=487) (n=111) (n=464) (n=117)  (n=465)
Incidence of diabetes 15.2 * 8.9 7.8 7.8 7.4 4.7
(per 100 person-years) N —
Reduction in incidence % 50.4 14.4 53.4 49.2
{compared with placebo) — : "
L J

NNT (to prevent one case in 3 yr 6.1 24.0 5.3 9.0

compared with placebo)

*P=0.05

Pharmacologic treatment of insulin resistance

The Troglitazone in Prevention of Diabetes (TRIPOD) study randomized 236 Hispanic women
with GDM in the previous 4 years to the thiazolidinedione drug troglitazone or placebo (61). All
participants had a predicted risk of diabetes in the next 5 years of 70%. Experimental
assessments included a frequently sampled-IVGTT at screening and 3 months after
randomization. The primary outcome was development of diabetes. The average annual
incidence rates of diabetes were 12.1% in the placebo group and 6.0% in the troglitazone
group. Troglitazone reduced the incidence of diabetes by 50%.

Diabetes prevention required an early increase in insulin sensitivity and a large reduction in
insulin secretion (Figure 6). Protection from diabetes was restricted to the 2/3 of women with
the greatest increase in insulin sensitivity and the 1/3 with the greatest reduction in insulin
secretion during the first 3 months of treatment with troglitazone. This means that women
with worse insulin sensitivity and highest insulin secretion at baseline got the most benefit from
the intervention. Protection from diabetes persisted 8 months after discontinuation of
troglitazone. The findings in this study suggest that treatment of insulin resistance preserves B-
cell function.

The TRIPOD study was stopped because troglitazone was withdrawn from the market. The
Pioglitazone in Prevention of Diabetes (PIPOD) study followed as an open-label observational
study with the thiazolidinedione drug pioglitazone (62). PIPOD enrolled 95 Hispanic women
who did not have diabetes at the end of TRIPOD. Frequently sampled-IVGTTs were done at
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study entry and after one year of treatment. The results from PIPOD echoed the results from
TRIPOD in that a reduction in insulin secretion was instrumental for diabetes prevention.

Figure 6. Treatment of insulin resistance to preserve B-cell function (61).
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Lactation

Lactation is associated with health benefits for both the mother and her offspring (63).
Lactating women maintain increased concentrations of the hormone prolactin and decreased
concentrations of estradiol and progesterone compared with non-lactating women (64, 65).
Lactation facilitates a return to pre-pregnancy weight because maternal fat stores are used to
support milk production (66). Five hundred calories are required daily to feed an infant when
the only source of food is breast milk. However, lactation does not make a major impact on
weight loss and body composition when those 500 calories per day are balanced by extra intake
of calories (67).

Lactation improves glucose tolerance in the postpartum period in both women with normal
pregnancies and women with a history of GDM (Figure 7) (68, 69). Women with longer
duration of lactation categorized with the use of a lacation index scoring system tend to be
more insulin sensitive. Lactation promotes a less atherogenic lipid profile and affects body fat
distribution (66). Lactating women mobilize more fat from their thighs than their trunks with
no effect on visceral fat mass at 3 months postpartum (67, 70). Lactating women with a history
of GDM have 50% lower prevalence of type 2 diabetes at 6 to 16 weeks postpartum (Table 2)
(65).

Analysis of the full health benefits of lactation needs to account for exclusivity, frequency and
duration. A subanalysis of the Coronary Artery Risk Development in Young Adults (CARDIA)
study examined the incidence of the metabolic syndrome in women of reproductive age
according to GDM status and duration of lactation (66). This study showed that longer duration
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of lactation was associated with lower incidence of the metabolic syndrome during a 20-year
follow-up period after GDM. The findings in CARDIA support the recommendation issued by
the American Academy of Pediatrics about 6 months of exclusive breastfeeding and
continuation of breastfeeding for at least 12 months (71).

The findings of the two Nurse’s Health Studies agree with the statement that increasing
duration of lactation reduces the incidence of type 2 diabetes (72). However, stratification by
history of GDM in the Nurse’s Health Study Il showed that lactation provided no additional
protection in women with a history of GDM compared with those without a history of GDM.

In terms of lactation and the offspring, the composition of breast milk changes so that hind milk
with higher fat content is available in short supply at the end of each feeding episode. Higher
fat content at the end may prompt satiety (63). In contrast, infant formulas have a uniform
composition and the amount of milk consumed is determined instead by the volume fed. This
difference between breast and bottle feeding may result in overfeeding of infants on formula.

In closing on the subject of lactation it is important to comment on hormonal contraception
during lactation. Progestin-only oral contraceptives (PO-OCs) are prescribed to lactating
women who prefer hormonal contraception. In this situation PO-OCs are chosen because of
less interference with milk production. However, lactating women with a history of GDM who
are on PO-OCs had a 2.5-fold increase in the rate of conversion to type 2 diabetes compared
with non-lactating women on combination oral contraceptives 6 months after postpartum
introduction of oral contraception (73, 74). The risk was increased with duration of exposure to
PO-0OC.

An attractive explanation for these findings is an unopposed effect of progestin in lactating
women on PO-OCs because of a physiologic low concentration of estradiol during lactation. In
contrast, non-lactating women on a combination of low-dose progestin and estradiol have
predominance of the estrogenic effect. Although speculative, this explanation makes sense if
we consider that progestins decrease glucose tolerance and insulin sensitivity, and that
estrogens are neutral on insulin sensitivity and beneficial for insulin secretion (75). Non-
hormonal methods for contraception are preferred for lactating women with a history of GDM.

Recommendations from the Fifth International Workshop-Conference on GDM

and the latest reports from the American Diabetes Association (2, 76)

The testing frequency for diabetes and cardiovascular risk factors is based on recommendations
from the panel of experts at the Fifth International Workkshop-Conference on GDM due to lack
of large population studies (Table 3). Postpartum testing should be done at 6-12 weeks
postpartum and 1 year postpartum. Women with IGT should be retested every year and
women with NGT should be retested at least every 3 years. The panel of experts also
recommended the use of standard screening guidelines for assessment of cardiovascular risk
factors when glucose metabolism is tested, encouragement of exclusive breastfeeding, and
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caution with the use of PO-OCs and long-acting injectable depomedroxyprogesterone acetate
during lactation. Education on lifestyle modification is the main intervention.

Figure 7. Effect of lactation on carbohydrate metabolism. Adapted from reference 69.
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Table 2. Effect of lactation 6 weeks after delivery (65).

Lactation No lactation P
n=404 n=405
Fasting glucose 93+13 98 +17 0.0001
(mg/dL)
2-h glucose 124 + 41 134 +49 <0.01
(mg/dL)
Diabetes 4.2 9.4 0.01
(%)
BMI 28.8+5.1 288145 NS
(kg/m?)
HDL-C 48+11 44110 <0.01
(mg/dL)
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Table 3. Evaluations recommended after GDM (2, 76).
Time Test Other®

1-3 days postpartum FPG or random [ Encourage exclusive BF

Discuss contraception
—

6-12 wks postpartum 2-h OGTT Encourage exclusive BF

I

Start contraception

CVD risk factor evaluation

1year postpartum 2-h OGTT CVD risk factor evaluation
Every year FPG CVD risk factor evaluation
Every 3 years 2-h OGTT

Pregnancy planning 2-h OGTT CVD risk factor evaluation

“Education on lifestyle modification at every opportunity

Comment

Most parous women will spend 2 to 10% of their reproductive years in the pregnant state
under the care of obstetricians. Primary physicians will provide medical care for the remaining
90% of this reproductive time, menopause and beyond. Medical surveillance after GDM is
critical for prevention and early detection of diabetes and cardiovascular risk factors in these
women, and for preparation of an intrauterine environment as close to normal as possible (if
not normal) in anticipation of a planned or unplanned pregnancy. Periodic monitoring of
glycemic status and cardiovascular risk factors, education on weight loss or weight
maintenance, physical activity, awareness of hyperglycemic symptoms, and family planning can
aid in the prevention of diabetes and its complications. Most of these strategies are important
at any age, but more so during the reproductive years because unrecognized metabolic
complications can cause unintended harm on the offspring.
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