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Abstract

Gestational diabetes mellitus (GDM) is associated with adverse perinatal outcomes, with risks not
only associated with more severe forms of GDM, but milder forms of GDM as well. Treatment of
mild GDM with dietary intervention and insulin when necessary has proven to be effective in
reducing the risks of several, but not all, adverse perinatal outcomes. Less is known about the
long-term benefits of mild GDM treatment. This article will review the benefits of mild GDM
treatment, and related risk factors, on short- and long-term maternal and neonatal/child outcomes,
with an emphasis on research conducted by the Eunice Kennedy Shriver National Institute of
Child Health and Human Development Maternal-Fetal Medicine Units Network.

In 1964, O’Sullivan and Mahan? developed glucose-tolerance test criteria for the diagnosis
of gestational diabetes mellitus (GDM), based on thresholds associated with an increased
maternal risk in the future development of diabetes. Currently, the criteria most often used in
the U.S. to diagnose GDM is a two-step approach endorsed by the American College of
Obstetricians and Gynecologists: a one-hour screening test with a 50-gram glucose load
followed by a three-hour 100-gram oral glucose tolerance test (OGTT) for those found to be
abnormal on the screen.? The American Diabetes Association, however, endorses the
International Association of Diabetes and Pregnancy Study Groups one-step two-hour 75-g
OGTT approach that is commonly used outside the U.S.3 Over the past two decades, the
frequency of GDM has risen dramatically and the CDC estimates that approximately 5.6%
of pregnant women aged 15-44 years delivering in U.S. hospitals had GDM in 2009.4 A
recent estimate of 6.1% was observed in an obstetrical cohort of 115,502 women who
delivered between 2008 and 2011 at clinical centers of the Eunice Kennedy Shriver National
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Institute of Child Health and Human Development (NICHD) Maternal-Fetal Medicine Units
(MFMU) Network.>

GDM is associated with adverse pregnancy outcomes, such as fetal macrosomia, birth
trauma, neonatal hypoglycemia and hyperbilirubinemia. Furthermore, adverse pregnancy
outcomes do not appear to be limited to more severe forms of GDM, but also milder forms
of GDM.”8 Investigators of the multicenter observational Hyperglycemia and Adverse
Pregnancy Outcome (HAPO) study of 23,316 women with maternal glucose intolerance less
severe than that in overt diabetes mellitus observed strong, continuous associations between
maternal glucose levels and increased birth weight, increased cord-blood serum C-peptide
levels, shoulder dystocia or birth injury, and preeclampsia, with no obvious threshold at
which risks increased.®

Observational data suggest that the frequency of adverse pregnancy outcomes, such as fetal
macrosomia, are higher if treatment is not provided.1%.11 Data from randomized controlled
trials concur. The Australian Carbohydrate Intolerance Study in Pregnant Women (ACHOIS)
trial recruited 1000 women with GDM, the majority of which had a mild form of GDM, who
were randomly assigned to receive dietary advice, blood glucose monitoring and insulin
therapy as needed or routine care.12 They observed a significant decreased risk of the
composite adverse perinatal outcome (stillbirth, neonatal death, shoulder dystocia, bone
fracture and nerve palsy) in the treated group.12 Because some of the women in the ACHOIS
trial had glucose levels consistent with more significant hyperglycemia, it was still not clear
if treatment of even milder forms of GDM would reduce the risk of perinatal outcomes. To
answer this question, the MFMU Network conducted a multicenter randomized controlled
trial in mild GDM.13

From October 2002 through mid-November 2007, the MFMU Network invited women to
participate in the mild GDM trial if between 24 weeks 0 days and 30 weeks 6 days of
gestation and had an abnormal blood glucose concentration (135-200 mg/dl) one hour after
a 50-gram glucose loading screen.1® Women were excluded if they had preexisting diabetes,
an abnormal result on a glucose screening test before 24 weeks of gestation, prior GDM, a
history of stillbirth, multifetal gestation, asthma, or chronic hypertension; if they were taking
corticosteroids; if there was a known fetal anomaly; or if imminent or preterm delivery was
likely because of maternal disease or fetal conditions. After an overnight fast, eligible
women completed a blinded three-hour 100 gram OGTT, and those with a fasting glucose
<95 mg/dl remained eligible. Women with an abnormal OGTT consistent with mild GDM
(two or three OGTT timed measurements that exceeded established thresholds: one hour,
180 mg/dl; two hour, 155 mg/dl; and three hour, 140 mg/dl) who provided informed consent
were randomly assigned to treatment with formal nutritional counseling and diet therapy,
self-monitoring of blood glucose and insulin if required or usual prenatal care. Women with
a fasting glucose <95 mg/dl and a normal OGTT who provided informed consent were
enrolled and received usual prenatal care. By including this observational cohort of women
with lesser degrees of glucose intolerance, the patients, their caregivers, and the study staff
were unaware of whether women in the control group met the criteria for the diagnosis of
mild GDM. Ultrasonography was performed in all subjects before the OGTT to confirm
gestational age. A total of 1889 women were enrolled: 485 women with mild GDM assigned
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to the study treatment; 473 women with mild GDM assigned to usual prenatal care; and 931
women with lesser degrees of glucose intolerance that received usual prenatal care.

The MFMU Network mild GDM trial found that although treatment of mild GDM did not
reduce the risk of the composite primary perinatal outcome of hypoglycemia,
hyperbilirubinemia, elevated cord-blood C-peptide level, stillbirth, neonatal death or birth
trauma, it did reduce the risk of fetal overgrowth (higher birthweight, higher neonatal fat
mass, large for gestational age and macrosomia), shoulder dystocia, cesarean delivery and
hypertensive disorders of pregnancy.13 One explanation for the lack of treatment benefit in
reducing metabolic abnormalities of the newborn was that the women all had mild GDM and
metabolic-related benefits may only apply to more severe GDM.13 For example, results from
the HAPO study suggest that an increased risk of clinical neonatal hypoglycemia may not be
apparent until fasting maternal glucose levels exceed 100 mg/dl.°

Secondary analyses of the MFMU Network mild GDM trial provided further insights into
treatment effects of mild GDM. Interestingly, the effect of treatment on perinatal outcomes,
including a composite of neonatal hypoglycemia, hyperbilirubinemia, hyperinsulinemia, and
birth trauma, did not vary by the gestational age of initiation of mild GDM treatment, which
ranged from 24 to 31 weeks of gestation.1* This finding however may not be generalizable
to women with more severe forms of GDM.14 The treatment effect on fetal overgrowth did
vary according to neonatal sex, with a significant treatment reduction in birthweight
percentile and neonatal fat mass observed in the males but not the females.1> One
explanation hypothesized for these findings was that there may be gender differences in
susceptibility to oxidative stress or in the response to a treatment that might mitigate
oxidative stress, however markers of oxidative stress were not measured to evaluate this
hypothesis.1® Results from another secondary analysis found that the treatment effect on
fetal overgrowth varied by maternal body mass index (BMI), with treatment reductions in
large for gestational and neonatal fat mass observed in women with a BMI between 25-39.9
kg/m2, but no benefit at the lowest and highest BMI extremes.18 In the lowest BMI group,
the frequency of fetal overgrowth was already low (approximately 2% in the untreated
group), and the lack of a treatment benefit in the morbidly obese group may indicate a limit
to improvements achievable through a GDM intervention directed toward maternal glucose
levels alone.16

We have learned much more about varying degrees of maternal glucose intolerance from
analysis of the MFMU Network mild GDM trial and observational cohort. In an analysis
that included women with untreated mild GDM or lesser degrees of glucose intolerance,
increasing maternal glycemia was associated with increasing risk of the composite primary
perinatal outcome, large for gestational age, elevated cord C-peptide, shoulder dystocia and
pregnancy-related hypertension.” Like the HAPO study,® there was no observable threshold
at which risks increase, providing additional data and uncertainty regarding the most
appropriate threshold for the diagnosis and treatment of GDM.1?

Analyses of the MFMU Network mild GDM trial and observational cohort data have also
demonstrated the significant impact of obesity. Among the women with untreated mild
GDM, pre-pregnancy BMI was associated with increased gestational hypertension,
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birthweight and neonatal fat mass, independent of OGTT values.!® These findings are
consistent with findings from the HAPO study that observed an increased frequency of
several adverse perinatal outcomes with high maternal BMI, independent of maternal
glycemia.l9 A related issue is the impact of gestational weight loss or gain. Among women
who are obese, the Institute of Medicine recommends a gestational weight gain of 5-9 kg, to
at least meet the minimum physiologic changes of pregnancy.2° To evaluate this
recommendation, the MFMU Network evaluated weight gain in overweight and obese
women with mild GDM or lesser degrees of glucose intolerance, and observed inadequate
gestational weight gain (weight loss or gain <5 kg) was associated with a significantly lower
lean body mass, fat mass, length and head circumference.?! These results support the
Institute of Medicine recommendations?® and suggest that a far safer alternative to
gestational weight loss would be a postpartum diet and exercise lifestyle approach for all
overweight or obese women.21

The MFMU Network trial, along with the ACHOIS trial, both large-scale multicenter
randomized treatment trials, provide evidence that treatment of GDM, including mild GDM,
with dietary intervention and insulin when necessary, is effective in reducing the risks of
adverse perinatal outcomes.12:13 These combined results led the U.S. Preventive Services
Task Force to acknowledge for the first time that treatment of GDM is beneficial.22
However, the question remained, what are the longer term maternal and child benefits of
treating mild GDM?

GDM is associated with future maternal metabolic disease, in particular type 2
diabetes,23-25 with its associated cardiovascular complications.26:27 Indeed, the American
Heart Association now includes history of GDM in their classification of cardiovascular risk
factors in women.28 Whether GDM, independent of maternal BMI, is associated with future
metabolic disease and obesity in the offspring remains controversial, as much of the earlier
results did not control for maternal BMI.22 Also unknown is if such an association does
exist, at what age it becomes apparent. In an analysis of the offspring of the HAPO study, no
association was observed between maternal glucose levels and child BMI Z-score at age 2
years30 or at 5-7 years.31 Even less clear is whether treating GDM has long-term benefits in
the future health of the offspring. In a follow-up study of 89 children evaluated at a mean
age of 9 years, no significant differences were observed in fasting glucose, insulin or BMI of
the children born to mothers treated with tight glycemic control compared with minimal
treatment.32 Investigators of the ACHOIS trial linked trial data to height and weight data
obtained from the South Australia’s Children, Youth and Women’s Health Service on 199
offspring aged 4-5 years.33 They observed no difference in BMI between the 4-5 year old
children of treated and untreated women.33 Due to very limited knowledge about the long-
term benefits of GDM treatment in the women or their offspring, the MFMU Network
conducted a follow-up study to its multicenter mild GDM study that included the
randomized controlled trial and the observational cohort in women with lesser degrees of
glucose intolerance.34

The women who participated in the MFMU Network mild GDM trial and observational
cohort study were contacted between February 2012 and September 2013 (5-10 years after
the index pregnancy).3* When contacted, the women and their index children were invited to
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participate in the follow-up visit. Maternal eligibility included that the patient had
participated in the original GDM study, she was enrolled at a center still participating in the
MFMU Network at the time of the follow-up study, and her index child participated in the
follow-up study. All index children from a center still participating in the MFMU Network
were eligible. Following informed consent, and child assent when appropriate, participating
women and their index children underwent anthropometric and blood pressure
measurements. The mothers completed a research staff-administered questionnaire about
their and their child’s medication use, physical activity, and diet. Following a minimum 6-
hour fast, participants had their blood drawn. Collection, processing and storage of
specimens were conducted per a standardized approach prior to being shipped on dry ice to
the Northwest Lipid Metabolism and Diabetes Research Laboratories for lipid panel and
glucose laboratory measurements. A total of 982 children and 950 women were enrolled in
the follow-up study; approximately half of each were from the mild GDM trial and half from
the observational cohort of lesser degrees of glucose intolerance.

The MFMU Network mild GDM follow-up study found that treatment during pregnancy of
women identified with mild GDM had no impact on the subsequent risk of maternal
diabetes, metabolic syndrome, BMI, or adiposity 5-10 years later.3® Similarly, no reduction
in obesity or metabolic dysfunction in the 5-10 year old offspring of treated women
compared with untreated women was observed.34 However, a difference was observed
between the male and female offspring with significantly decreased frequency of impaired
fasting glucose, lower fasting glucose and lower log HOMA-IR in the female offspring of
treated women, but not in male offspring.3* Explanations for the null results in the children
overall include: only mild GDM was evaluated and more-pronounced hyperglycemia during
pregnancy might have demonstrated a long-term treatment effect on obesity in the offspring;
although treated women met conventional glucose targets for control, these maternal glucose
levels may actually exceed those required to affect later outcomes in the children; or the
emergence of both obesity and metabolic dysfunction in the offspring of women with GDM
may not occur until adolescence or early adulthood.3* With regard to sex differences, the
MFMU Network results suggest that males may be more immediately sensitive to maternal
glycemia as it relates to the development of neonatal adiposity, whereas the females may be
more likely to exhibit the effects of in utero exposure to maternal GDM later in childhood.34

Secondary analyses of the MFMU Network mild GDM follow-up study have provided
insights into the association between varying levels of glucose intolerance during pregnancy,
maternal obesity, pregnancy-associated hypertension, and long-term maternal and child
health. When evaluating risk factors in the women who had lesser degrees of glucose
intolerance during pregnancy, maternal pregnancy OGTT values were not associated with
subsequent maternal metabolic syndrome.3¢ However smoking and BMI during pregnancy
were strongly and significantly associated. In fact, 40% of the women with BMI =35 kg/m?
during pregnancy developed metabolic syndrome.38 In an analysis of the offspring of
women with untreated mild GDM or lesser degrees of glucose intolerance, maternal OGTT
values during pregnancy were associated with childhood sum of skinfolds and subscapular-
to-tricep skinfold ratio, but not with childhood BMI Z-score, waist circumference, fasting
glucose, or HOMA-IR.37 Hispanic ethnicity and maternal pregnancy BMI were the
characteristics most consistently related to childhood outcomes.3” The MFMU Network
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mild GDM follow-up study also revealed other populations at risk, namely women who
experienced pregnancy-associated hypertension and their offspring. In the women who had
mild GDM or lesser degrees of glucose intolerance during pregnancy, pregnancy-associated
hypertension in women who then delivered preterm was associated with a higher frequency
of subsequent maternal hypertension, high triglycerides, and metabolic syndrome.38 In the
children, systolic blood pressure and BMI z-score were significantly higher in the children
who were born to mothers with pregnancy-associated hypertension and were delivered at
term.39 These associations remained after adjusting for maternal BMI, study group (mild
GDM or lesser degrees of glucose intolerance) and race/ethnicity; elevated childhood blood
pressure even remained significant after adjusting for childhood BMI.

These results of the MFMU Network mild GDM follow-up study underscore the impact of
obesity and hypertension during pregnancy on the long-term health of the mothers and their
offspring and suggest that treating glucose intolerance during pregnancy is not adequate, that
lifestyle interventions targeting weight reduction and hypertension prevention pre-pregnancy
and postpartum are required. Indeed, the Diabetes Prevention Trial has demonstrated the
beneficial effects of an intensive and ongoing lifestyle modification in preventing or
delaying metabolic disease in at-risk individuals.4?

In conclusion, treating mild GDM with dietary intervention and insulin when necessary is
effective in reducing the risks of fetal overgrowth; however treatment may not reduce
metabolic abnormalities of the newborn in milder cases of GDM. Increasing maternal
glycemia is associated with increasing risk of adverse perinatal outcomes, with no obvious
threshold at which risks increase, making it difficult to determine the optimal threshold for
screening and treating mild GDM. Whether treatment of mild GDM is associated with future
metabolic disease and obesity in the mother and her offspring remains unknown, with the
data at present suggesting no such association at least in the first decade since delivery.
However there may be sex differences in the in utero exposure to maternal mild GDM, with
treatment effects more apparent in male neonates and treatment effects more apparent in
females later in childhood. Because maternal BMI and pregnancy-associated hypertension
appear to have a stronger impact on the future health of the women and their offspring than
maternal glycemia, postpartum lifestyle interventions aimed not only at glycemia, but also
weight and blood pressure appears imperative.

Acknowledgments

This work was supported by grants from the Eunice Kennedy Shriver National Institute of Child Health and Human
Development (NICHD) [HD27915, HD36801, HD34208, HD34116, HD40485, HD40500, HD27869, HD40560,
HD40544, HD53097, HD40512, HD40545] and the National Institutes of Health’s National Center for Advancing
Translational Sciences (NCATS) [UL1TR001070, UL1TR000439].

References

1. O’Sullivan JB, Mahan CM. Criteria for the oral glucose tolerance test in pregnancy. Diabetes. 1964;
13:278-285. [PubMed: 14166677]

2. Committee on Practice Bulletins--Obstetrics. Practice Bulletin No. 137: Gestational diabetes
mellitus. Obstet Gynecol. 2013; 122(2 Pt 1):406-16. [PubMed: 23969827]

Semin Perinatol. Author manuscript; available in PMC 2017 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Rice and Landon

11.

12.

13.

15.

16.

17.

18.

19.

20.

Page 7

. American Diabetes Association. Diagnosis and classification of diabetes mellitus. Diab Care. 2012;

35(Suppl 1):S64-71.

. Centers for Disease Control and Prevention Diabetes. [Accessed November 16, 2015] Report Card.

2014. http://www.cdc.gov/diabetes/pdfs/library/diabetesreportcard2014.pdf

. Bailit JL, Grobman WA, Rice MM, et al. Risk-adjusted models for adverse obstetric outcomes and

variation in risk-adjusted outcomes across hospitals. Am J Obstet Gynecol. 2013; 209(5):446e1—
446.e30. [PubMed: 23891630]

. National Institutes of Health consensus development conference statement: diagnosing gestational

diabetes mellitus, March 4-6, 2013. Obstet Gynecol. 2013; 122(2 Pt 1):358-69. [PubMed:
23969806]

. Sacks DA, Greenspoon JS, Abu-Fadil S, Henry HM, Wolde-Tsadik G, Yao JF. Toward universal

criteria for gestational diabetes: the 75-gram glucose tolerance test in pregnancy. Am J Obstet
Gynecol. 1995; 172(2 Pt 1):607-14. [PubMed: 7856693]

. Sermer M, Naylor CD, Gare DJ, et al. Impact of increasing carbohydrate intolerance on maternal-

fetal outcomes in 3637 women without gestational diabetes. The Toronto Tri-Hospital Gestational
Diabetes Project. Am J Obstet Gynecol. 1995; 173(1):146-56. [PubMed: 7631672]

. Metzger BE, Lowe LP, Dyer AR, et al. HAPO Study Cooperative Research Group. Hyperglycemia

and adverse pregnancy outcomes. N Engl J Med. 2008; 358(19):1991-2002. [PubMed: 18463375]

10. Naylor CD, Sermer M, Chen E, Sykora K. Cesarean delivery in relation to birth weight and

gestational glucose tolerance: pathophysiology or practice style? Toronto Trihospital Gestational
Diabetes Investigators. JAMA. 1996; 275(15):1165-70. [PubMed: 8609683]

Langer O, Yogev Y, Most O, Xenakis EM. Gestational diabetes: the consequences of not treating.
Am J Obstet Gynecol. 2005; 192(4):989-97. [PubMed: 15846171]

Crowther CA, Hiller JE, Moss JR, McPhee AJ, Jeffries WS, Robinson JS. Effect of treatment of
gestational diabetes mellitus on pregnancy outcomes. N Engl J Med. 2005; 352(24):2477-86.
[PubMed: 15951574]

Landon MB, Spong CY, Thom E, et al. A multicenter, randomized trial of treatment for mild
gestational diabetes. N Engl J Med. 2009; 361(14):1339-48. [PubMed: 19797280]

14. Palatnik A, Mele L, Landon MB, et al. Timing of treatment initiation for mild gestational diabetes

mellitus and perinatal outcomes. Am J Obstet Gynecol. 2015; 213(4):560e1-560.e8. [PubMed:
26071920]

Bahado-Singh RO, Mele L, Landon MB, et al. Fetal male gender and the benefits of treatment of
mild gestational diabetes mellitus. Am J Obstet Gynecol. 2012; 206(5):422e1-5. [PubMed:
22542118]

Casey BM, Mele L, Landon MB, et al. Does maternal body mass index influence treatment effect
in women with mild gestational diabetes? Am J Perinatol. 2015; 32(1):93-100. [PubMed:
24839145]

Landon MB, Mele L, Spong CY, et al. The relationship between maternal glycemia and perinatal
outcome. Obstet Gynecol. 2011; 117(2 Pt 1):218-24. [PubMed: 21309194]

Stuebe AM, Landon MB, Lai Y, et al. Maternal BMI, glucose tolerance, and adverse pregnancy
outcomes. Am J Obstet Gynecol. 2012; 207(1):62e1-7. [PubMed: 22609018]

HAPO Study Cooperative Research Group. Hyperglycaemia and Adverse Pregnancy Outcome
(HAPO) Study: associations with maternal body mass index. BJOG. 2010; 117(5):575-84.
[PubMed: 20089115]

Institute of Medicine. Weight gain during pregnancy: reexamining the guidelines. Washington, DC:
National Academy Press; 2009.

21. Catalano PM, Mele L, Landon MB, et al. Inadequate weight gain in overweight and obese pregnant

women: what is the effect on fetal growth? Am J Obstet Gynecol. 2014; 211(2):137e1-7.
[PubMed: 24530820]

22. Hartling L, Dryden DM, Guthrie A, Muise M, Vandermeer B, Donovan L. Benefits and harms of

treating gestational diabetes mellitus: a systematic review and meta-analysis for the U.S.
Preventive Services Task Force and the National Institutes of Health Office of Medical
Applications of Research. Ann Intern Med. 2013; 159:123-9. [PubMed: 23712381]

Semin Perinatol. Author manuscript; available in PMC 2017 August 01.


http://www.cdc.gov/diabetes/pdfs/library/diabetesreportcard2014.pdf

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Rice and Landon

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Page 8

Kim C, Newton KM, Knopp RH. Gestational diabetes and the incidence of type 2 diabetes: a
systematic review. Diabetes Care. 2002; 25:1862-8. [PubMed: 12351492]

Sattar N, Greer IA. Pregnancy complications and maternal cardiovascular risk: opportunities for
intervention and screening? BMJ. 2002; 325:157-60. [PubMed: 12130616]

Kaaja RJ, Greer 1A. Manifestations of chronic disease during pregnancy. JAMA. 2005; 294:2751—
7. [PubMed: 16333011]

Kannel WB, McGee DL. Diabetes and cardiovascular disease. The Framingham study. JAMA.
1979; 241:2035-8. [PubMed: 430798]

Fox CS, Coady S, Sorlie PD, et al. Trends in cardiovascular complications of diabetes. JAMA.
2004; 292:2495-9. [PubMed: 15562129]

Mosca L, Benjamin EJ, Berra K, et al. Effectiveness-based guidelines for the prevention of
cardiovascular disease in women--2011 update: a guideline from the American Heart Association.
Circulation. 2011; 123:1243-62. [PubMed: 21325087]

Kim SY, England JL, Sharma JA, Njoroge T. Gestational diabetes mellitus and risk of childhood
overweight and obesity in offspring: a systematic review. Exp Diabetes Res. 2011; 2011:541308.
[PubMed: 21960991]

Pettitt DJ, McKenna S, McLaughlin C, Patterson CC, Hadden DR, McCance DR. Maternal glucose
at 28 weeks of gestation is not associated with obesity in 2-year-old offspring: the Belfast
Hyperglycemia and Adverse Pregnancy Outcome (HAPO) family study. Diabetes Care. 2010;
33(6):1219-23. [PubMed: 20215449]

Thaware PK, McKenna S, Patterson CC, Hadden DR, Pettitt DJ, McCance DR. Untreated Mild
Hyperglycemia During Pregnancy and Anthropometric Measures of Obesity in Offspring at Age
5-7 Years. Diabetes Care. 2015; 38(9):1701-6. [PubMed: 26092862]

Malcolm JC, Lawson ML, Gaboury I, Lough G, Keely E. Glucose tolerance of offspring of mother
with gestational diabetes mellitus in a low-risk population. Diabet Med. 2006 May; 23(5):565-70.
[PubMed: 16681566]

Gillman MW, Oakey H, Baghurst PA, Volkmer RE, Robinson JS, Crowther CA. Effect of treatment
of gestational diabetes mellitus on obesity in the next generation. Diabetes Care. 2010; 33(5):964—
8. [PubMed: 20150300]

Landon MB, Rice MM, Varner MW, et al. Mild gestational diabetes mellitus and long-term child
health. Diabetes Care. 2015; 38(3):445-52. [PubMed: 25414152]

Casey B. Effect of treatment of mild gestational diabetes on long-term maternal outcomes. Am J
Obstet Gynecol. 2015; 212(1):S3.

Reddy U. Maternal metabolic syndrome 5-10 years after delivery in women with abnormal 1 hour
glucose screening. Am J Obstet Gynecol. 2015; 212(1):S280-1.

Landon M. The effect of maternal glycemia on childhood obesity and metabolic dysfunction. Am J
Obstet Gynecol. 2015; 212(1):S21.

Rice MM, Landon MB, Varner MW, et al. Pregnancy-associated hypertension in glucose intolerant
pregnancy and subsequent metabolic syndrome. Obstet Gynecol. 2016; 127(4):771-9. [PubMed:
26959208]

Rice M. Adverse pregnancy outcomes and child cardiometabolic health. Am J Obstet Gynecol.
2016; 214(1):S45-46.

Knowler WE, Barrett-Connor E, Fowler SE, et al. Reduction in the incidence of type 2 diabetes
with lifestyle intervention or metformin. N Engl J Med. 2002; 346(6):393-403. [PubMed:
11832527]

Semin Perinatol. Author manuscript; available in PMC 2017 August 01.



	Abstract
	References

