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Abstract
Pregnancy is now considered to be an important risk factor for new or persistent obesity among
women during the childbearing years. High gestational weight gain is the strongest predictor of
maternal overweight or obesity following pregnancy. A growing body of evidence also suggests
that both high and low gestational weight gains are independently associated with an increased
risk of childhood obesity, suggesting that influences occurring very early in life are contributing to
obesity onset. In response to these data, the United States Institute of Medicine (IOM) revised
gestational weight gain guidelines in 2009 for the first time in nearly two decades. However, less
than one-third of pregnant women achieve guideline-recommended gains, with the majority
gaining above IOM recommended levels. To date, interventions to optimize pregnancy weight
gains have had mixed success. In this paper, we summarize the evidence from human and animal
studies linking over-nutrition and under-nutrition in pregnancy to maternal and child obesity.
Additionally, we discuss published trials and ongoing interventions to achieve appropriate
gestational weight gain as a strategy for obesity prevention in women and their children.
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Introduction
Obesity remains a global health crisis. Currently half of European adults meet criteria for
overweight (body mass index [BMI] 25–29.9 kg/m2) or obesity (BMI ≥ 30 kg/m2) [1]. In the
United States (US), the prevalence of obesity among adults exceeds 33%, with an additional
34% categorized as overweight [2]. Children are also affected; almost 32% of 2- through 19-
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year-old US children and adolescents along with 20% of European children are overweight
or obese (BMI for age and sex at or above the 85th percentile) [3, 4]. High rates of obesity
beget high rates of diabetes mellitus and cardiovascular disease [5], even among children
[6].

Pregnancy is now considered to be a strong risk factor for new or persistent obesity.
Recently published data from the US National Longitudinal Survey of Youth revealed that
parous women (those who have had 1 or more live births) were 3 to 4 times more likely to
develop obesity in the 5 years after childbirth compared to nonparous women followed over
the same time period [7]. High gestational weight gain is the strongest predictor of maternal
overweight or obesity following pregnancy [8]. Other identified risk factors, including
sociodemographic characteristics and modifiable postpartum behaviors [9–14], account for
very little of the variability in postpartum weight change. Additionally, a growing body of
evidence suggests that both high and low gestational weight gains are independently
associated with an increased risk of childhood obesity [15, 16], suggesting that influences
occurring very early in life are also contributing to obesity onset.

In response to these data, the US Institute of Medicine (IOM) revised gestational weight
gain guidelines in 2009 for the first time in nearly two decades (Table 1), recommending the
most restrictive gains since the early part of the 20th century, particularly for women who
are already overweight or obese entering pregnancy [17]. While achieving an infant birth
weight of between 3000 and 4000 grams remains the primary goal of these guidelines to
ensure the lowest risk of short-term infant morbidity and mortality, the 2009
recommendations have also taken into account the long-term maternal and child
complications from both high and low weight gains [17]. However, currently less than one-
third of pregnant women achieve guideline recommended gains, with the majority gaining
above IOM recommended levels [18, 19]. Attempts to optimize pregnancy weight gains are
therefore critical for obesity prevention efforts in both women and their children.

In this article, we outline the physiology of gestational weight gain and its association with
fetal growth. We summarize the evidence from human and animal studies linking over-
nutrition and under-nutrition in pregnancy to maternal and child obesity. We present the
known sociodemographic and behavioral predictors of high and low gestational weight gains
followed by a review of published randomized controlled trials designed to achieve
appropriate gestational weight gain. Finally, we discuss ongoing and future intervention
strategies to optimize pregnancy weight gains.

Why do women gain weight in pregnancy?
The weight gained in a normal pregnancy is the result of biologic processes that promote
fetal growth. Although the composition of weight gained during pregnancy varies across
women, a general picture can be described. Approximately 27% resides in the fetus, 20%
includes the placenta, amniotic fluid and uterus, 3% comprises breast weight, 23% is made
up of blood volume and extravascular fluid, and the remaining 27% consists of maternal fat
stores [17]. In early to mid-pregnancy, underweight and normal weight women (pre-
pregnancy BMI < 25 kg/m2) deposit fat in their hips, back, and upper thighs, which is
thought to be important as a caloric reserve for late pregnancy and lactation [20]. Insulin
secretion and sensitivity rise, favoring increased lipogenesis and fat accumulation, in
preparation for the increased energy needs of the growing fetus [21]. However, women
entering pregnancy overweight or obese (who may already have some baseline insulin
resistance), do not have this same rise in peripheral insulin sensitivity in early pregnancy and
little or no additional fat is accrued, perhaps due to a reduced need for extra caloric reserves
[22]. By late pregnancy, insulin resistance increases among all mothers (although it is more
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pronounced in obese women) and weight gain slows, a normal physiologic adaptation that
shifts maternal energy metabolism from carbohydrate to lipid oxidation and thus spares
glucose for the fetus [23]. This complex series of adjustments in carbohydrate and fat
metabolism ensure that the fetus receives a continuous supply of fuel when its needs are
maximal.

The pattern of gestational weight gain is most commonly described as sigmoidal, with the
majority of weight gained in the 2nd and early 3rd trimesters of pregnancy [17]. A higher
rate of maternal weight gain in the second trimester is most strongly correlated with higher
infant weight at birth [24]. This association is particularly strong among women with a low
or normal pregravid BMI [25]. Across studies published in the US since 1985, total
pregnancy weight gains of normal weight adult women giving birth to healthy term infants
ranged from a low of 10.0 kg to a high of 16.7 kg [17]. Among women who are overweight
or obese, however, gestational weight gain is a less strong predictor of fetal growth [26].
Healthy term infants have been born to these women despite lower total gestational weight
gains (mean gain 9 kg, standard deviation 7.4 kg)[27]. Recent data have suggested that the
lowest prevalence of adverse birth outcomes for very obese (BMI ≥ 40 kg/m2) women
(including preterm delivery and low birth weight) occurs with weight loss [28–31].

Gestational weight gain and obesity risk in mother and child
Lower gains may have additional benefits for the short- and long-term weight status of
women and children. A number of epidemiologic studies suggest that lower gains may be
protective against postpartum maternal weight retention and obesity [11, 32–38]. In contrast,
women with higher gains remain heavier; for example, in one observational study, women
with average gains of 17.7 kg vs. 13.1 kg had higher BMI and more central adiposity that
persisted 16 years after the index pregnancy, even after adjusting for parity, total caloric
intake, physical activity, smoking, breastfeeding, and pre-pregnancy BMI [38]. Higher
gestational weight gains are also associated with higher offspring weight at birth [24, 39–
42], in childhood [43–45], during adolescence [46–48], and as adults [49, 50]. Similar
results have been found among the offspring of rodent dams fed obesogenic diets during
pregnancy [51–53]. While shared genes and behaviors explain part of the risk, maternal
over-nutrition appears to have a direct influence on several aspects of offspring physiology,
including appetite, metabolism, and activity levels [54]. Offspring of overfed rat dams have
reduced energy expenditure [51, 52], and a greater taste for junk food [53], as do human
children of obese mothers [55, 56]. Maternal prenatal over-nutrition may also result in
increased fetal adipose tissue deposition [57]. Since adipocyte number appears to be set in
the first years of life [58], excess fat formed in early life may result in lifelong excess
adiposity. Lower gestational weight gains seem to improve birth outcomes and reduce risk
of childhood obesity, especially among obese mothers [59, 60].

Worth noting, however, are several studies that have reported a U- or J-shaped association
between gestational weight gain and child adiposity, with greater overweight risks also with
the lowest maternal gains, especially in women with lower pre-pregnancy BMI [61, 62].
Although lower gains are associated with lower fetal growth, a body of literature suggests
that prenatal under-nutrition is associated with later obesity, cardiovascular disease, and
diabetes [16, 63]. Under-nutrition sets in motion a “survival phenotype” that aids in early
life survival but has adverse consequences from adolescence through adulthood [64]. Once
born and exposed to a world of plenty, neonates with poor in-utero nutrition may undergo
catch-up growth or rapid weight gain. This early accelerated growth has been shown to
adversely affect glucose metabolism, lipids, and blood pressure in adolescents who were
born small, perhaps in part because most of the catch-up body weight distributes centrally
and results in insulin resistance [65, 66]. Neonates with in-utero exposure to the Dutch
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Hunger Winter of 1944–45 experienced catch-up growth after food rations were lifted and
were more likely to experience adult disease (insulin resistance, dyslipidemia, central
adiposity, and hypertension) than neonates exposed to prolonged under-nutrition both during
and after pregnancy [66, 67]. Similarly, rats randomized to chronic maternal undernutrition
in-utero were significantly smaller than control well-fed rats until 12 weeks of age [68].
However, after starting a normal diet, these previously restricted rats were larger and more
likely to be hypertensive at 30, 48 and 56 weeks of age than the unrestricted controls. Thus,
both maternal prenatal under-nutrition and over-nutrition may alter weight regulation and
cardiovascular risk in offspring.

In the context of our current obesity epidemic, how much weight gain in
pregnancy is ideal?

Determining if and how much weight gain is necessary in pregnancy is clearly complicated,
and depends on the relative adversity of its various sequelae. If small size at birth is
considered substantially worse than other outcomes because of its links with later
cardiovascular disease and adverse neurologic development [63, 69], higher gains might be
preferable, particularly for women who begin pregnancy underweight or normal weight. On
the other hand, minimizing gains might be ideal if maternal postpartum weight retention or
child obesity is rated worse, especially for women with pregravid obesity. In 2009, the IOM
used available data to determine the most favorable amount of weight gain considering 5
short- and longer-term outcomes: extremes of birth weight (expressed as small- or large-for-
gestational age), cesearean delivery, preterm birth, postpartum weight retention, and child
obesity [70]. Previously, they did not take into account the long-term maternal and child
complications from both high and low weight gains. The committee found that the lowest-
risk gestational weight gains were within prior recommended ranges for women who were
normal weight or overweight entering pregnancy but were lower for obese women.
Modifications were then made to the guidelines for weight gain in pregnancy and published
in 2009, recommending smaller weight gains for obese mothers, based on data primarily
from women with BMI values of 30–34.9 kg/m2 (Table 1) [17]. However, the IOM
committee did not stratify their recommendations for obese women further; no additional
guidance was given for women with class II (BMI ≥ 35–39.9 kg/m2) or class III (BMI ≥ 40
kg/m2) obesity. The committee continued to discourage weight loss during pregnancy, even
among the very obese, citing insufficient evidence that low weight gains or weight loss
wouldn’t lead to small size at birth and poor neurologic outcomes in the offspring [71].
Given rising numbers of class II and III obese gravid women [2], more research is needed to
determine if greater weight restriction in pregnancy, or no weight gain at all, will achieve the
best short and long-term maternal and child outcomes for these heaviest mothers.

Why is it so hard to achieve guideline recommended weight gain in
pregnancy?

Despite continued debate over the optimal range of gestational weight gain for obese
mothers, too few mothers of all pregravid BMI categories gain within recommended ranges,
and excessive gain is more common than inadequate gain [10]. For example, among 427
low-income, ethnically diverse mothers, Gould Rothberg et al. found only 22% of women
gained weight within 2009 IOM guidelines according to pre-pregnancy BMI, with the
majority of women (62%) exceeding IOM weight gain recommendations [19].

A complex interplay among biological, psychosocial, and behavioral factors influences the
amount of weight a woman gains in pregnancy. Despite the consistent inverse relationship
observed between total gestational weight gain and pregravid BMI category, overweight and
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obese women are nearly 2 times more likely to exceed IOM recommended gains compared
to normal weight women [18, 72, 73]. Underweight women, on the other hand, are more
likely to gain below IOM guidelines [72]. Additionally, mutiparity, smoking during
pregnancy, older age and being of low income, black or Hispanic race/ethnicity, un-married
status, and limited education are associated with inadequate gain [17, 74, 75]. A number of
these same sociodemographic characteristics have also emerged as risk factors for gaining
above IOM recommendations. For example, among a sample of 622 predominately white
women living in New York State, Olson et al. found that those with household incomes
below 185% of the US federal poverty line were 2.5 times more likely to gain excessively in
pregnancy than those women with higher incomes [76].

Not surprisingly, modifiable behaviors, including dietary intake and physical activity,
influence the amount of weight a woman gains in pregnancy. While current
recommendations encourage the gravid woman to increase caloric consumption by
approximately 300 kcal per day [77], particularly in the second and third trimesters, higher
energy intake during pregnancy is correlated with greater absolute weight gain and increased
risk of exceeding guideline recommended gain [76, 78, 79]. Many mothers still believe they
need to “eat for two” to have a healthy baby, promoting overeating and higher gains [80].
On the other hand, consuming “a lot less food in pregnancy” is associated with inadequate
gestational weight gain [76]. This latter finding may be modified by BMI, as limiting caloric
intake among obese women has been shown to appropriately reduce absolute and guideline
recommended gains [81]. Less is known about the relationship of specific dietary
components with weight gain in pregnancy. Extrapolating from studies among non-pregnant
women, increased consumption of starches (particularly potatoes and potato chips), sugar-
sweetened beverages, and processed meats may independently and aggregately promote
weight gain while fruits, vegetables, nuts, and yogurt may be protective against higher gains
[82]. Data examining physical activity, ranging from walking to more vigorous activity,
have revealed an inverse relationship between greater activity and excessive gestational
weight gain [76, 78, 83]. Exercise alone may even be enough to lower total weight gain in
pregnancy [84]; however, most pregnant women reduce their time spent in physical activity
[85], increasing their risk for higher gains.

How can we help more mothers achieve recommended gestational weight
gains?

Could the obstetric provider be the answer? Because pregnant women have frequent
interactions with the health care system, obstetric clinicians are uniquely positioned to
address weight gain with their pregnant patients. In fact, data suggest that women’s actual
weight gain in pregnancy is strongly correlated with health care provider advice [86, 87].
Cogwell et al. found that women who received advice from their health care provider to gain
within IOM recommended ranges were 2 times more likely to gain within those ranges than
women who did not receive any advice [86]. However, in a recent study of 401 pregnant
women from Providence, Rhode Island, fewer than half (41.7%) reported receiving weight
gain advice from a practitioner [88]. Further, the small number of obstetric providers who do
advise their patients may not be recommending gestational weight gain ranges concordant
with IOM guidelines, particularly for overweight or obese women [88, 89]. Several
interventions to promote recommended gestational weight gain have included clinician
advice as one component of the intervention [90–93]. However, these interventions have
generally not been successful in improving the proportion of women gaining within
recommended limits [90, 91, 93], or were successful only in a subset of women [92].

Intervention studies to promote recommended gestational weight gain at the individual level
have also used other providers, including dietitians, health coaches, and public health nurses,
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to deliver nutrition and healthy weight gain messages to pregnant mothers with somewhat
more success. For example, in 2008, Wolff et al. randomized 50 obese pregnant women in
Denmark to either 10, 1-hour dietary consultations with a trained dietitian or to usual care
[81]. The women in the intervention group successfully limited their energy intake and
restricted their total gestational weight gain to an average of 6.6 kg compared to 13.3 kg in
the control group (p=0.002). Phelan et al. conducted the largest randomized controlled trial
(n=401) to date designed to decrease the proportion of pregnant women exceeding IOM
recommendations for weight gain [94]. The women in the intervention group were provided
a multi-component program that included: 1) 1 in-person visit with a dietitian at treatment
onset providing education about appropriate gestational weight gain, exercise, and healthy
diet; 2) automated postcards mailed weekly with additional educational information; 3)
personalized graphs for weight gain mailed after each clinic visit; 4) 3, 15-minute dietitian
support telephone calls; and 4) supplementary supportive telephone calls for mothers over or
under weight gain guidelines. Intent-to-treat analyses showed that the intervention decreased
the percentage of normal weight women who exceeded IOM recommendations compared to
standard care (40.2% vs. 52.1%, p=0.003), but did not successfully reduce excessive
gestational weight gain among overweight or obese women (66.7% vs. 61.1%, p=0.33).
However, normal and overweight/obese women assigned to the intervention were both more
likely to return to their pregravid weights or below by 6 months postpartum compared to
standard care (30.7% vs. 18.7%, p=0.005). Because the intervention in Phelan’s study
stopped after delivery, their findings suggest that interventions during pregnancy may exert
an ongoing influence over the health and well-being of women, even if they fail to show
significant changes in pregnancy weight or weight-related behaviors. A summary of the 7
randomized clinical trials specifically designed to prevent excessive gestational weight gain
can be found in Table 2 [81, 90, 93–97].

Seven systematic or meta-analytic reviews have been published since 2010 of behavior-
based dietary and/or physical activity interventions designed to limit gestational weight
gains and reduce the proportion of mothers exceeding guideline recommended gains [84,
98–103]. The results of these reviews are mixed: two concluded that mean gestational
weight gain was not statistically lower among intervention groups than control groups [99,
103]; two concluded that gestational weight gain was reduced only in some populations, and
often not to the levels recommended by the IOM [98, 101]; and three concluded that mean
gestational weight gain was reduced among dietary and/or physical activity intervention
groups compared with controls, but did not comment on whether these interventions affected
the proportion of mothers achieving guideline recommended weight gains [84, 100, 102].
Significant heterogeneity in the trials chosen for inclusion and in the trials themselves (e.g.,
intervention content and dose, self-reported vs. measured weight variables used in the
calculation of gestational weight gain, attrition, randomized vs. non-randomized study
designs) explains much of the inconsistencies among these reviews. No specific intervention
strategy, such as individual nutrition counseling or weight monitoring, appeared particularly
effective or ineffective. Thus, evidence-based recommendations to guide clinical practice
around weight control in pregnancy remain elusive.

Within the next five years, however, fewer questions may remain unanswered. In 2011, the
US National Institutes of Health issued a call for proposals “to conduct studies testing
behavioral/lifestyle interventions in overweight and obese pregnant women designed to
improve weight and metabolic outcomes in both the pregnant women and their offspring.
Studies are expected to continue follow-up of mothers and their offspring for a minimum of
12 months postpartum.” Five to six projects are projected to be funded in late 2011.
Additionally, two large studies among pregnant women are currently ongoing. Investigators
in upstate New York are recruiting and randomizing nearly 5,000 pregnant women to
receive either 1) an electronically-mediated behavioral weight control intervention program
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only during pregnancy, 2) the same intervention program both during and after pregnancy,
or 3) non-weight related content at the project web site. The goals of the interventions are to
decrease the prevalence of excessive weight gain during pregnancy and excessive weight
retention (> 5 pounds) in the first 18 months postpartum in a racially/ethnically diverse
sample of both higher and lower income women who enter pregnancy with normal,
overweight, and obese BMI [104]. At the same time, researchers at the University of
Adelaide, Australia, are working to limit gestational weight gain among a diverse population
of 2500 overweight and obese pregnant women. Data on body composition and cardio-
metabolic outcomes for mother and child will also be collected [105].

In summary, efforts to help mothers gain within IOM recommended ranges in pregnancy
offer a strategy for prevention of new or persistent obesity in young women and children.
These efforts are also likely to be economical, as a single intervention could benefit the
health of mother, her child, future pregnancies, and subsequent generations. Ongoing and
planned research will provide greater guidance in the coming years regarding the best way
to support women in how to achieve optimal gains, with the potential to reduce the
exceedingly high prevalence of obesity worldwide.

Acknowledgments
Dr. Herring was supported by grant K23 HL106231 from the US National Institutes of Health. Dr. Oken was
supported by grants from the US National Institutes of Health (K24 HD069408, P30 HL101312), the Centers for
Disease Control and Prevention (200-2010-M-33818), and the Harvard Pilgrim Health Care Institute.

References
1. World Health Organization. Global status report on noncommunicable diseases 2010. WHO Press;

2011.

2. Flegal K, Carroll MD, Ogden CL, Curtin LR. Prevalence and Trends in Obesity Among US Adults,
1999–2008. Journal of the American Medical Association. 2010; 303:235–241. [PubMed:
20071471]

3. Ogden CL, Carroll MD, Curtin LR, et al. Prevalence of high body mass index in US children and
adolescents, 2007–2008. Journal of the American Medical Association. 2010; 303:242–249.
[PubMed: 20071470]

4. The World Health Organization European Ministerial Conference on Counteracting Obesity.
Istanbul, Turkey: WHO Press; 2006.

5. Field AE, Coakley EH, Must A, et al. Impact of overweight on the risk of developing common
chronic diseases during a 10-year period. Archives of Internal Medicine. 2001; 161:1581–1586.
[PubMed: 11434789]

6. Freedman DS, Mei Z, Srinivasan SR, et al. Cardiovascular risk factors and excess adiposity among
overweight children and adolescents: the Bogalusa Heart Study. Journal of Pediatrics. 2007;
150:12–17.e12. [PubMed: 17188605]

7. Davis EM, Zyzanski SJ, Olson CM, Stange KC, Horwitz RI. Racial, ethnic, and socioeconomic
differences in the incidence of obesity related to childbirth. American Journal of Public Health.
2009; 99:294–299. [PubMed: 19059856]

8. Gore SA, Brown DM, West DS. The role of postpartum weight retention in obesity among women:
a review of the evidence. Annals of Behavioral Medicine. 2003; 26:149–159. [PubMed: 14534032]

9. Gunderson EP, Rifas-Shiman SL, Oken E, et al. Association of fewer hours of sleep at 6 months
postpartum with substantial weight retention at 1 year postpartum. American Journal of
Epidemiology. 2008; 167:178–187. [PubMed: 17971337]

10. Olson CM. Achieving a healthy weight gain during pregnancy. Annual Review of Nutrition. 2008;
28:411–423.

Herring et al. Page 7

Diabetes Obes Metab. Author manuscript; available in PMC 2013 March 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



11. Gunderson EP, Abrams B, Selvin S. The relative importance of gestational gain and maternal
characteristics associated with the risk of becoming overweight after pregnancy. International
Journal of Obesity & Related Metabolic Disorders. 2000; 24:1660–1668. [PubMed: 11126221]

12. Gunderson EP, Abrams B. Epidemiology of gestational weight gain and body weight changes after
pregnancy. Epidemiologic Reviews. 2000; 22:261–274. [PubMed: 11218377]

13. Herring SJ, Rich-Edwards JW, Oken E, Rifas-Shiman SL, Kleinman KP, Gillman MW.
Association of postpartum depression with weight retention 1 year after childbirth. Obesity. 2008;
16:1296–1301. [PubMed: 18369338]

14. Oken E, Taveras EM, Popoola FA, Rich-Edwards JW, Gillman MW. Television, walking, and diet:
associations with postpartum weight retention. American Journal of Preventive Medicine. 2007;
32:305–311. [PubMed: 17383561]

15. Oken E. Maternal and child obesity: the causal link. Obstetrics & Gynecology Clinics of North
America. 2009; 36:361–377. [PubMed: 19501319]

16. Oken E, Gillman MW. Fetal origins of obesity. Obesity Research. 2003; 11:496–506. [PubMed:
12690076]

17. Institute of Medicine. Weight gain during pregnancy: reexamining the guidelines. National
Academies Press; 2009.

18. Chu SY, Callaghan WM, Bish CL, et al. Gestational weight gain by body mass index among US
women delivering live births, 2004–2005: fueling future obesity. American Journal of Obstetrics
& Gynecology. 2009; 200:271.e271–277. [PubMed: 19136091]

19. Gould Rothberg BE, Magriples U, Kershaw TS, et al. Gestational weight gain and subsequent
postpartum weight loss among young, low-income, ethnic minority women. American Journal of
Obstetrics & Gynecology. 2011; 204:52.e51–11. [PubMed: 20974459]

20. Worthington-Roberts, BS.; Rodwell William, S. Nutrition throughout the life cycle. 3. St. Louis:
Mosby; 1996.

21. Lain KY, Catalano PM. Metabolic changes in pregnancy. Clinical Obstetrics & Gynecology. 2007;
50:938–948. [PubMed: 17982337]

22. Lang, K.; King, J. Doctoral dissertation. University of California; Berkeley: 2009.

23. Boden G. Fuel metabolism in pregnancy and in gestational diabetes mellitus. Obstetrics &
Gynecology Clinics of North America. 1996; 23:1–10. [PubMed: 8684772]

24. Abrams B, Selvin S. Maternal weight gain pattern and birth weight. Obstetrics & Gynecology.
1995; 86:163–169. [PubMed: 7617344]

25. Nohr EA, Vaeth M, Baker JL, et al. Combined associations of prepregnancy body mass index and
gestational weight gain with the outcome of pregnancy. American Journal of Clinical Nutrition.
2008; 87:1750–1759. [PubMed: 18541565]

26. Abrams BF, Laros RK Jr. Prepregnancy weight, weight gain, and birth weight. American Journal
of Obstetrics & Gynecology. 1986; 154:503–509. [PubMed: 3953698]

27. Bianco AT, Smilen SW, Davis Y, Lopez S, Lapinski R, Lockwood CJ. Pregnancy outcome and
weight gain recommendations for the morbidly obese woman. Obstetrics & Gynecology. 1998;
91:97–102. [PubMed: 9464729]

28. Blomberg M. Maternal and Neonatal Outcomes Among Obese Women With Weight Gain Below
the New Institute of Medicine Recommendations. Obstetrics & Gynecology. 2011:1065–1070.
[PubMed: 21508744]

29. Kiel DW, Dodson EA, Artal R, et al. Gestational weight gain and pregnancy outcomes in obese
women: how much is enough? Obstetrics & Gynecology. 2007; 110:752–758. [PubMed:
17906005]

30. Hinkle SN, Sharma AJ, Dietz PM. Gestational weight gain in obese mothers and associations with
fetal growth. American Journal of Clinical Nutrition. 2010; 92:644–651. [PubMed: 20631201]

31. Bodnar LM, Siega-Riz AM, Simhan HN, et al. Severe obesity, gestational weight gain, and adverse
birth outcomes. American Journal of Clinical Nutrition. 2010; 91:1642–1648. [PubMed:
20357043]

32. Scholl TO, Hediger ML, Schall JI, Ances IG, Smith WK. Gestational weight gain, pregnancy
outcome, and postpartum weight retention. Obstetrics & Gynecology. 1995; 86:423–427.
[PubMed: 7651655]

Herring et al. Page 8

Diabetes Obes Metab. Author manuscript; available in PMC 2013 March 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



33. Thorsdottir I, Birgisdottir BE. Different weight gain in women of normal weight before pregnancy:
postpartum weight and birth weight. Obstetrics & Gynecology. 1998; 92:377–383. [PubMed:
9721774]

34. Greene GW, Smiciklas-Wright H, Scholl TO, Karp RJ. Postpartum weight change: how much of
the weight gained in pregnancy will be lost after delivery? Obstetrics & Gynecology. 1988;
71:701–707. [PubMed: 3357658]

35. Amorim AR, Rossner S, Neovius M, et al. Does excess pregnancy weight gain constitute a major
risk for increasing long-term BMI? Obesity. 2007; 15:1278–1286. [PubMed: 17495204]

36. Rooney BL, Schauberger CW, Mathiason MA. Impact of perinatal weight change on long-term
obesity and obesity-related illnesses. Obstetrics & Gynecology. 2005; 106:1349–1356. [PubMed:
16319262]

37. Mamun AA, Kinarivala M, O’Callaghan MJ, et al. Associations of excess weight gain during
pregnancy with long-term maternal overweight and obesity: evidence from 21 y postpartum
follow-up. American Journal of Clinical Nutrition. 2010; 91:1336–1341. [PubMed: 20237138]

38. Fraser A, Tilling K, Macdonald-Wallis C, et al. Associations of gestational weight gain with
maternal body mass index, waist circumference, and blood pressure measured 16 y after
pregnancy: the Avon Longitudinal Study of Parents and Children (ALSPAC). American Journal of
Clinical Nutrition. 2011; 93:1285–1292. [PubMed: 21471282]

39. Vesco KK, Sharma AJ, Dietz PM, et al. Newborn size among obese women with weight gain
outside the 2009 Institute of Medicine recommendation. Obstetrics & Gynecology. 2011;
117:812–818. [PubMed: 21422851]

40. Dietz PM, Callaghan WM, Sharma AJ. High pregnancy weight gain and risk of excessive fetal
growth. American Journal of Obstetrics & Gynecology. 2009; 201:51.e51–56. [PubMed:
19576373]

41. Kieffer EC, Tabaei BP, Carman WJ, et al. The influence of maternal weight and glucose tolerance
on infant birthweight in Latino mother-infant pairs. American Journal of Public Health. 2006;
96:2201–2208. [PubMed: 17077395]

42. Hickey CA, Uauy R, Rodriguez LM, Jennings LW. Maternal weight gain in low-income black and
Hispanic women: evaluation by use of weight-for-height near term. American Journal of Clinical
Nutrition. 1990; 52:938–943. [PubMed: 2239772]

43. Olson CM, Strawderman MS, Dennison BA. Maternal Weight Gain During Pregnancy and Child
Weight at Age 3 Years. Maternal & Child Health Journal. 2009; 13:839–846. [PubMed:
18818995]

44. Wrotniak BH, Shults J, Butts S, Stettler N. Gestational weight gain and risk of overweight in the
offspring at age 7 y in a multicenter, multiethnic cohort study. American Journal of Clinical
Nutrition. 2008; 87:1818–1824. [PubMed: 18541573]

45. Oken E, Taveras EM, Kleinman KP, Rich-Edwards JW, Gillman MW. Gestational weight gain and
child adiposity at age 3 years. American Journal of Obstetrics & Gynecology. 2007;
196:322.e321–328. [PubMed: 17403405]

46. Moreira P, Padez C, Mourao-Carvalhal I, Rosado V. Maternal weight gain during pregnancy and
overweight in Portuguese children. International Journal of Obesity (London). 2007; 31:608–614.

47. Oken E, Rifas-Shiman SL, Field AE, Frazier AL, Gillman MW. Maternal gestational weight gain
and offspring weight in adolescence. Obstetrics & Gynecology. 2008; 112:999–1006. [PubMed:
18978098]

48. Lawlor DA, Lichtenstein P, Fraser A, et al. Does maternal weight gain in pregnancy have long-
term effects on offspring adiposity? A sibling study in a prospective cohort of 146,894 men from
136,050 families. American Journal of Clinical Nutrition. 2011; 94:142–148. [PubMed: 21562086]

49. Stuebe AM, Forman MR, Michels KB. Maternal-recalled gestational weight gain, pre-pregnancy
body mass index, and obesity in the daughter. International Journal of Obesity (London). 2009;
33:743–752.

50. Schack-Nielsen LME, Michaelsen KF, Sorensen TIA. High maternal pregnancy weight gain is
associated with an increased risk of obesity in childhood and adulthood independent of maternal
BMI [abstract]. Pediatric Research. 2005; 58:1020.

Herring et al. Page 9

Diabetes Obes Metab. Author manuscript; available in PMC 2013 March 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



51. Shankar K, Harrell A, Liu X, Gilchrist JM, Ronis MJ, Badger TM. Maternal obesity at conception
programs obesity in the offspring. American Journal of Physiology - Regulatory, Integrative, and
Comparative Physiology. 2008; 294:R528–538.

52. Samuelsson AM, Matthews PA, Argenton M, et al. Diet-induced obesity in female mice leads to
offspring hyperphagia, adiposity, hypertension, and insulin resistance: a novel murine model of
developmental programming. Hypertension. 2008; 51:383–392. [PubMed: 18086952]

53. Bayol SA, Farrington SJ, Stickland NC. A maternal ‘junk food’ diet in pregnancy and lactation
promotes an exacerbated taste for ‘junk food’ and a greater propensity for obesity in rat offspring.
British Journal of Nutrition. 2007; 98:843–851. [PubMed: 17697422]

54. McMillen IC, Edwards LJ, Duffield J, Muhlhausler BS. Regulation of leptin synthesis and
secretion before birth: implications for the early programming of adult obesity. Reproduction.
2006; 131:415–427. [PubMed: 16514185]

55. Wardle J, Guthrie C, Sanderson S, Birch L, Plomin R. Food and activity preferences in children of
lean and obese parents. International Journal of Obesity and Related Metabolic Disorders. 2001;
25:971–977. [PubMed: 11443494]

56. Rising R, Lifshitz F. Lower energy expenditures in infants from obese biological mothers.
Nutrition Journal. 2008; 7:15. [PubMed: 18485223]

57. Catalano PM. Obesity and pregnancy--the propagation of a viscous cycle? Journal of Clinical
Endocrinology and Metabolism. 2003; 88:3505–3506. [PubMed: 12915626]

58. Spalding KL, Arner E, Westermark PO, et al. Dynamics of fat cell turnover in humans. Nature.
2008; 453:783–787. [PubMed: 18454136]

59. Oken E, Kleinman KP, Belfort MB, et al. Associations of gestational weight gain with short- and
longer-term maternal and child health outcomes. American Journal of Epidemiology. 2009;
170:173–180. [PubMed: 19439579]

60. Oken E. Excess gestational weight gain amplifies risks among obese mothers. Epidemiology.
2009; 20:82–83. [PubMed: 18813018]

61. Stuebe AM, Forman MR, Michels KB. Maternal-recalled gestational weight gain, pre-pregnancy
body mass index, and obesity in the daughter. International Journal of Obesity. 2009; 33:743–752.
[PubMed: 19528964]

62. Sharma AJ, Cogswell ME, Grummer-Strawn LM. Pregnancy weight gain is associated with an
increased risk of obesity in childhood and adulthood independent of maternal BMI [abstract].
Pediatric Research. 2005; 58:1038.

63. Barker DJ, Eriksson JG, Forsen T, Osmond C. Fetal origins of adult disease: strength of effects and
biological basis. International Journal of Epidemiology. 2002; 31:1235–1239. [PubMed:
12540728]

64. Hales CN, Barker DJ. Type 2 (non-insulin-dependent) diabetes mellitus: the thrifty phenotype
hypothesis. Diabetologia. 1992; 35:595–601. [PubMed: 1644236]

65. Fabricius-Bjerre S, Jensen RB, Faerch K, et al. Impact of birth weight and early infant weight gain
on insulin resistance and associated cardiovascular risk factors in adolescence. PLoS ONE
[Electronic Resource]. 2011; 6:e20595.

66. Wells JC. The thrifty phenotype: An adaptation in growth or metabolism? American Journal of
Human Biology. 2011; 23:65–75. [PubMed: 21082685]

67. Ravelli GP, Stein ZA, Susser MW. Obesity in young men after famine exposure in utero and early
infancy. New England Journal of Medicine. 1976; 295:349–353. [PubMed: 934222]

68. Woodall SM, Johnston BM, Breier BH, Gluckman PD. Chronic maternal undernutrition in the rat
leads to delayed postnatal growth and elevated blood pressure of offspring. Pediatric Research.
1996; 40:438–443. [PubMed: 8865281]

69. Goldenberg RL, Hoffman HJ, Cliver SP. Neurodevelopmental outcome of small-for-gestational-
age infants. European Journal of Clinical Nutrition. 1998; 52 (Suppl 1):S54–58. [PubMed:
9511020]

70. Viswanathan M, Siega-Riz AM, Moos MK, et al. Outcomes of maternal weight gain. Evidence
Report/Technology Assessment. 2008:1–223. [PubMed: 18620471]

Herring et al. Page 10

Diabetes Obes Metab. Author manuscript; available in PMC 2013 March 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



71. Rasmussen KM, Abrams B, Bodnar LM, et al. Recommendations for weight gain during
pregnancy in the context of the obesity epidemic. Obstetrics & Gynecology. 2010; 116:1191–
1195. [PubMed: 20966705]

72. Wells CS, Schwalberg R, Noonan G, Gabor V. Factors influencing inadequate and excessive
weight gain in pregnancy: Colorado, 2000–2002. Maternal & Child Health Journal. 2006; 10:55–
62. [PubMed: 16496222]

73. Brawarsky P, Stotland NE, Jackson RA, et al. Pre-pregnancy and pregnancy-related factors and the
risk of excessive or inadequate gestational weight gain. International Journal of Gynaecology &
Obstetrics. 2005; 91:125–131. [PubMed: 16202415]

74. Hickey CA, Cliver SP, McNeal SF, Hoffman HJ, Goldenberg RL. Prenatal weight gain patterns
and spontaneous preterm birth among nonobese black and white women. Obstetrics &
Gynecology. 1995; 85:909–914. [PubMed: 7770259]

75. Siega-Riz AM, Hobel CJ. Predictors of poor maternal weight gain from baseline anthropometric,
psychosocial, and demographic information in a Hispanic population. Journal of the American
Dietetic Association. 1997; 97:1264–1268. [PubMed: 9366864]

76. Olson CM, Strawderman MS. Modifiable behavioral factors in a biopsychosocial model predict
inadequate and excessive gestational weight gain. Journal of the American Dietetic Association.
2003; 103:48–54. [PubMed: 12525793]

77. Kaiser L, Allen LH. American Dietetic A. Position of the American Dietetic Association: nutrition
and lifestyle for a healthy pregnancy outcome. Journal of the American Dietetic Association.
2008; 108:553–561. [PubMed: 18401922]

78. Stuebe AM, Oken E, Gillman MW. Associations of diet and physical activity during pregnancy
with risk for excessive gestational weight gain. American Journal of Obstetrics & Gynecology.
2009; 201:58.e51–58. [PubMed: 19467640]

79. Streuling I, Beyerlein A, Rosenfeld E, et al. Weight gain and dietary intake during pregnancy in
industrialized countries--a systematic review of observational studies. Journal of Perinatal
Medicine. 2011; 39:123–129. [PubMed: 21070130]

80. Wiles R. The views of women of above average weight about appropriate weight gain in
pregnancy. Midwifery. 1998; 14:254–260. [PubMed: 10076321]

81. Wolff S, Legarth J, Vangsgaard K, Toubro S, Astrup A. A randomized trial of the effects of dietary
counseling on gestational weight gain and glucose metabolism in obese pregnant women.
International Journal of Obesity (London). 2008; 32:495–501.

82. Mozaffarian D, Hao T, Rimm EB, Willett WC, Hu FB. Changes in Diet and Lifestyle and Long-
Term Weight Gain in Women and Men. New England Journal of Medicine. 2011; 364:2392–2404.
[PubMed: 21696306]

83. Althuizen E, van Poppel MN, Seidell JC, van Mechelen W. Correlates of absolute and excessive
weight gain during pregnancy. Journal of Women’s Health. 2009; 18:1559–1566.

84. Streuling I, Beyerlein A, Rosenfeld E, Hofmann H, Schulz T, von Kries R. Physical activity and
gestational weight gain: a meta-analysis of intervention trials. BJOG: An International Journal of
Obstetrics & Gynaecology. 2011; 118:278–284. [PubMed: 21134106]

85. Pereira MA, Rifas-Shiman SL, Kleinman KP, Rich-Edwards JW, Peterson KE, Gillman MW.
Predictors of change in physical activity during and after pregnancy: Project Viva. American
Journal of Preventive Medicine. 2007; 32:312–319. [PubMed: 17383562]

86. Cogswell ME, Scanlon KS, Fein SB, Schieve LA. Medically advised, mother’s personal target, and
actual weight gain during pregnancy. Obstetrics & Gynecology. 1999; 94:616–622. [PubMed:
10511369]

87. Stotland NE, Haas JS, Brawarsky P, Jackson RA, Fuentes-Afflick E, Escobar GJ. Body mass
index, provider advice, and target gestational weight gain. Obstetrics & Gynecology. 2005;
105:633–638. [PubMed: 15738036]

88. Phelan S, Phipps MG, Abrams B, et al. Practitioner advice and gestational weight gain. Journal of
Women’s Health. 2011; 20:585–591.

89. Herring SJ, Platek D, Elliott P, Riley L, Stuebe AM, Oken E. Addressing obesity in pregnancy:
what do obstetric providers recommend? Journal of Women’s Health. 2010; 19:65–70.

Herring et al. Page 11

Diabetes Obes Metab. Author manuscript; available in PMC 2013 March 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



90. Asbee SM, Jenkins TR, Butler JR, White J, Elliot M, Rutledge A. Preventing excessive weight
gain during pregnancy through dietary and lifestyle counseling: a randomized controlled trial.
Obstetrics & Gynecology. 2009; 113:305–312. [PubMed: 19155899]

91. Jackson RA, Stotland NE, Caughey AB, Gerbert B. Improving diet and exercise in pregnancy with
Video Doctor counseling: a randomized trial. Patient Education and Counseling. 2010:203–209.
[PubMed: 21459255]

92. Olson CM, Strawderman MS, Reed RG. Efficacy of an intervention to prevent excessive
gestational weight gain. American Journal of Obstetrics & Gynecology. 2004; 191:530–536.
[PubMed: 15343232]

93. Jeffries K, Shub A, Walker SP, et al. Reducing excessive weight gain in pregnancy: a randomised
controlled trial. Medical Journal of Australia. 2009; 191:429–433. [PubMed: 19835535]

94. Phelan S, Phipps MG, Abrams B, et al. Randomized trial of a behavioral intervention to prevent
excessive gestational weight gain: the Fit for Delivery Study. American Journal of Clinical
Nutrition. 2011; 93:772–779. [PubMed: 21310836]

95. Guelinckx I, Devlieger R, Mullie P, et al. Effect of lifestyle intervention on dietary habits, physical
activity, and gestational weight gain in obese pregnant women: a randomized controlled trial.
American Journal of Clinical Nutrition. 2010; 91:373–380. [PubMed: 19955397]

96. Haakstad LA, Bo K. Effect of regular exercise on prevention of excessive weight gain in
pregnancy: a randomised controlled trial. European Journal of Contraception & Reproductive
Health Care. 2011; 16:116–125. [PubMed: 21417561]

97. Polley BA, Wing RR, Sims CJ. Randomized controlled trial to prevent excessive weight gain in
pregnant women. International Journal of Obesity & Related Metabolic Disorders. 2002; 26:1494–
1502. [PubMed: 12439652]

98. Skouteris H, Linda Hartley-Clark L, McCabe M, et al. Preventing excessive gestational weight
gain: A systematic review of interventions. Obesity Reviews. 2010; 11:757–768. [PubMed:
20880128]

99. Dodd JM, Grivell RM, Crowther CA, Robinson JS. Antenatal interventions for overweight or
obese pregnant women: a systematic review of randomised trials. BJOG: An International Journal
of Obstetrics & Gynaecology. 2010; 117:1316–1326. [PubMed: 20353459]

100. Gardner B, Wardle J, Poston L, Croker H. Changing diet and physical activity to reduce
gestational weight gain: a meta-analysis. Obesity Reviews. 2011; 12:e602–620. [PubMed:
21521451]

101. Ronnberg AK, Nilsson K. Interventions during pregnancy to reduce excessive gestational weight
gain: a systematic review assessing current clinical evidence using the Grading of
Recommendations, Assessment, Development and Evaluation (GRADE) system. BJOG: An
International Journal of Obstetrics & Gynaecology. 2010 epub June 8;01–08.

102. Streuling I, Beyerlein A, von Kries R. Can gestational weight gain be modified by increasing
physical activity and diet counseling? A meta-analysis of interventional trials. American Journal
of Clinical Nutrition. 2010 epub July 28;01–10.

103. Campbell F, Johnson M, Messina J, Guillaume L, Goyder E. Behavioural interventions for weight
management in pregnancy: A systematic review of quantitative and qualitative data. BMC Public
Health. 2011; 11:491. [Epub ahead of print]. [PubMed: 21696589]

104. Olson, CM. [Accessed July 5, 2011: ] Electronically-mediated weight interventions for pregnant
and postpartum women. http://projectreporter.nih.gov/project_info_description.cfm?
aid=7918057&icde=8760482

105. Gillman, MW. [Accessed July 5, 2011: ] Limiting Weight Gain in Overweight Pregnant Women:
Effects on Mother and Child. http://projectreporter.nih.gov/project_info_description.cfm?
aid=8111051&icde=9102894

Herring et al. Page 12

Diabetes Obes Metab. Author manuscript; available in PMC 2013 March 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://projectreporter.nih.gov/project_info_description.cfm?aid=7918057&icde=8760482
http://projectreporter.nih.gov/project_info_description.cfm?aid=7918057&icde=8760482
http://projectreporter.nih.gov/project_info_description.cfm?aid=8111051&icde=9102894
http://projectreporter.nih.gov/project_info_description.cfm?aid=8111051&icde=9102894


N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Herring et al. Page 13

Ta
bl

e 
1

T
ot

al
 w

ei
gh

t g
ai

ns
 a

nd
 r

at
es

 o
f 

w
ei

gh
t g

ai
n 

re
co

m
m

en
de

d 
fo

r 
w

om
en

 w
ith

 s
in

gl
et

on
 p

re
gn

an
ci

es
, 2

00
9 

In
st

itu
te

 o
f 

M
ed

ic
in

e 
gu

id
el

in
es

 [
17

]

P
re

-p
re

gn
an

cy
 w

ei
gh

t 
st

at
us

 (
bo

dy
 m

as
s 

in
de

x 
ca

te
go

ry
)

R
ec

om
m

en
de

d 
to

ta
l w

ei
gh

t 
ga

in
 r

an
ge

s
R

ec
om

m
en

de
d 

ra
te

s 
of

 w
ei

gh
t 

ga
in

 in
 t

he
 2

nd
 a

nd
 3

rd
 t

ri
m

es
te

r*

P
ou

nd
s

K
ilo

gr
am

s
P

ou
nd

s/
w

ee
k

K
ilo

gr
am

s/
w

ee
k

U
nd

er
w

ei
gh

t (
<

18
.5

 k
g/

m
2 )

28
–4

0
12

.5
–1

8
1.

0 
(1

.0
–1

.3
)

0.
51

 (
0.

44
–0

.5
8)

N
or

m
al

 (
18

.5
–2

4.
9 

kg
/m

2 )
25

–3
5

11
.5

–1
6

1.
0 

(0
.8

–1
.0

)
0.

42
 (

0.
35

–0
.5

0)

O
ve

rw
ei

gh
t (

25
–2

9.
9 

kg
/m

2 )
15

–2
5

7–
11

.5
0.

6 
(0

.5
–0

.7
)

0.
28

 (
0.

23
–0

.3
3)

O
be

se
 (

≥ 
30

 k
g/

m
2 )

11
–2

0
5–

9
0.

5 
(0

.4
–0

.6
)

0.
22

 (
0.

17
–0

.2
7)

* C
al

cu
la

tio
ns

 a
ss

um
e 

a 
0.

5–
2 

kg
 (

1.
1–

4.
4 

lb
s)

 w
ei

gh
t g

ai
n 

in
 th

e 
fi

rs
t t

ri
m

es
te

r

Diabetes Obes Metab. Author manuscript; available in PMC 2013 March 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Herring et al. Page 14

Ta
bl

e 
2

R
an

do
m

iz
ed

 c
on

tr
ol

le
d 

tr
ia

ls
 s

pe
ci

fi
ca

lly
 d

es
ig

ne
d 

to
 p

re
ve

nt
 e

xc
es

si
ve

 g
es

ta
tio

na
l w

ei
gh

t g
ai

n*

St
ud

y
Sa

m
pl

e 
&

 S
et

ti
ng

In
te

rv
en

ti
on

M
ai

n 
fi

nd
in

gs

A
sb

ee
 e

t a
l.

20
09

 [
90

]
Pr

im
ar

ily
 H

is
pa

ni
c 

or
 A

fr
ic

an
- 

A
m

er
ic

an
w

om
en

 r
ec

ru
ite

d 
fr

om
 r

es
id

en
t o

bs
te

tr
ic

 c
lin

ic
in

 C
ha

rl
ot

te
, N

or
th

 C
ar

ol
in

a 
be

fo
re

 1
6 

w
ee

ks
’

ge
st

at
io

n
60

 u
nd

er
w

ei
gh

t a
nd

 n
or

m
al

 B
M

I 
(3

5 
I)

18
 o

ve
rw

ei
gh

t B
M

I 
(1

0 
I)

22
 o

be
se

 B
M

I 
(1

2 
I)

1 
in

te
ns

iv
e 

co
un

se
lin

g 
se

ss
io

n 
by

 a
 d

ie
tit

ia
n 

on
 d

ie
t,

lif
es

ty
le

, a
nd

 a
pp

ro
pr

ia
te

 g
es

ta
tio

na
l w

ei
gh

t g
ai

n 
at

1st
 o

bs
te

tr
ic

 v
is

it
H

ea
lth

 c
ar

e 
pr

ov
id

er
 m

on
ito

ri
ng

 o
f 

w
ei

gh
t a

t f
ol

lo
w

-
up

 v
is

its
; a

dv
ic

e 
gi

ve
n 

ab
ou

t d
ie

t o
r 

ex
er

ci
se

 if
w

ei
gh

t g
ai

n 
no

t w
ith

in
 I

O
M

 g
ui

de
lin

es

N
o 

si
gn

if
ic

an
t e

ff
ec

t o
n 

%
 a

dh
er

in
g 

to
 I

O
M

 r
ec

om
m

en
da

tio
ns

 b
y 

B
M

I 
(n

o
p 

va
lu

es
 p

ro
vi

de
d)

U
nd

er
w

ei
gh

t a
nd

 n
or

m
al

 B
M

I:
 8

0%
 I

 v
s.

 6
8.

8%
 C

O
ve

rw
ei

gh
t B

M
I:

 3
0%

 I
 v

s.
 2

5%
 C

O
be

se
 B

M
I:

 3
3.

3%
 I

 v
s.

 2
0%

 C
Si

gn
if

ic
an

t d
if

fe
re

nc
es

 o
n 

to
ta

l w
ei

gh
t g

ai
n 

(2
8.

7 
lb

s 
I 

vs
. 3

5.
6 

lb
s 

C
,

p=
0.

01
)

N
o 

si
gn

if
ic

an
t d

if
fe

re
nc

es
 in

 m
od

e 
of

 d
el

iv
er

y

G
ue

lin
ck

x 
et

al
. 2

01
0 

[9
5]

O
be

se
 (

B
M

I 
≥ 

30
) 

w
om

en
 r

ec
ru

ite
d 

fr
om

U
ni

ve
rs

ity
 H

os
pi

ta
l o

f 
L

eu
ve

n 
in

 B
el

gi
um

be
fo

re
 1

5 
w

ee
ks

’ 
ge

st
at

io
n

37
 p

as
si

ve
 I

 g
ro

up
42

 a
ct

iv
e 

I 
gr

ou
p

43
 C

 g
ro

up

Pa
ss

iv
e 

in
te

rv
en

tio
n 

gr
ou

p 
gi

ve
n 

br
oc

hu
re

 w
ith

ad
vi

ce
 o

n 
nu

tr
iti

on
, a

ct
iv

ity
, a

nd
 ti

ps
 to

 li
m

it
pr

eg
na

nc
y-

 r
el

at
ed

 w
ei

gh
t g

ai
n 

at
 1

st
 p

re
na

ta
l v

is
it

A
ct

iv
e 

in
te

rv
en

tio
n 

gr
ou

p 
re

ce
iv

ed
 b

ro
ch

ur
e 

an
d

w
er

e 
co

un
se

lle
d 

by
 n

ut
ri

tio
ni

st
 in

 3
,1

-h
ou

r 
gr

ou
p

se
ss

io
ns

 o
n 

he
al

th
y 

di
et

 a
nd

 a
ct

iv
ity

 u
si

ng
 b

eh
av

io
r

m
od

if
ic

at
io

n 
te

ch
ni

qu
es

N
o 

si
gn

if
ic

an
t e

ff
ec

t o
n 

%
 a

dh
er

in
g 

to
 I

O
M

 r
ec

om
m

en
da

tio
ns

 (
27

%
pa

ss
iv

e 
I 

vs
. 2

6.
2%

 a
ct

iv
e 

I 
vs

. 2
3.

3%
 C

, p
=

0.
98

1)
N

o 
si

gn
if

ic
an

t d
if

fe
re

nc
es

 o
n 

to
ta

l w
ei

gh
t g

ai
n 

(1
0.

9 
kg

 p
as

si
ve

 I
 v

s.
 9

.8
 k

g
ac

tiv
e 

I 
vs

. 1
0.

6 
kg

 C
, p

=
0.

74
9)

T
he

 p
as

si
ve

 a
nd

 a
ct

iv
e 

gr
ou

ps
 h

ad
 s

ig
ni

fi
ca

nt
ly

 lo
w

er
 e

ne
rg

y 
in

ta
ke

, b
ut

 n
o

di
ff

er
en

ce
s 

in
 a

ct
iv

ity
N

o 
si

gn
if

ic
an

t d
if

fe
re

nc
es

 in
 o

bs
te

tr
ic

al
 o

r 
ne

on
at

al
 o

ut
co

m
es

H
aa

ks
ta

d 
et

al
. 2

01
1 

[9
6]

N
ul

lip
ar

ou
s 

w
om

en
 r

ec
ru

ite
d 

vi
a

ad
ve

rt
is

em
en

ts
 a

nd
 h

ea
lth

 c
ar

e 
pr

ov
id

er
re

fe
rr

al
s 

in
 N

or
w

ay
 b

ef
or

e 
24

 w
ee

ks
 g

es
ta

tio
n

52
 I

53
 C

T
w

ic
e 

w
ee

kl
y,

 6
0-

m
in

ut
e 

su
pe

rv
is

ed
 a

er
ob

ic
 d

an
ce

cl
as

se
s 

fo
r 

a 
m

in
im

um
 o

f 
12

 w
ee

ks
 p

lu
s

en
co

ur
ag

em
en

t t
o 

do
 a

n 
ad

di
tio

na
l 3

0 
m

in
ut

es
 o

f
se

lf
- 

im
po

se
d 

m
od

er
at

e 
ac

tiv
ity

 o
n 

th
e 

re
m

ai
ni

ng
w

ee
kd

ay
s

N
o 

si
gn

if
ic

an
t e

ff
ec

t o
n 

%
 a

dh
er

in
g 

to
 I

O
M

 r
ec

om
m

en
da

tio
ns

 (
67

%
 I

 v
s.

62
%

 C
, p

=
0.

59
)

N
o 

si
gn

if
ic

an
t d

if
fe

re
nc

es
 o

n 
to

ta
l w

ei
gh

t g
ai

n 
(1

3.
0 

kg
 I

 v
s.

 1
3.

8 
kg

 C
,

p=
0.

31
)

N
o 

m
is

ca
rr

ia
ge

s 
in

 e
ith

er
 g

ro
up

N
o 

si
gn

if
ic

an
t d

if
fe

re
nc

es
 in

 w
ei

gh
t r

et
en

tio
n 

at
 6

–1
2 

w
ee

ks
 p

os
tp

ar
tu

m
(3

.3
 k

g 
I 

vs
. 3

.3
 k

g 
C

, p
=

0.
93

)

Je
ff

ri
es

 e
t a

l.
20

09
 [

93
]

A
us

tr
al

ia
n 

w
om

en
 r

ec
ru

ite
d 

fr
om

 p
ub

lic
ho

sp
ita

l i
n 

M
el

bo
ur

ne
 b

ef
or

e 
14

 w
ee

ks
’

ge
st

at
io

n
12

5 
I

11
1 

C
A

pp
ro

xi
m

at
el

y 
64

%
 u

nd
er

w
ei

gh
t o

r 
no

rm
al

B
M

I,
 1

6%
 o

ve
rw

ei
gh

t B
M

I,
 2

0%
 o

be
se

 B
M

I
(r

el
at

iv
el

y 
eq

ua
l b

et
w

ee
n 

gr
ou

ps
)

E
du

ca
tio

n 
fr

om
 m

id
w

iv
es

 a
bo

ut
 I

O
M

 w
ei

gh
t g

ai
n

gu
id

el
in

es
 b

y 
B

M
I

W
ei

gh
t g

ai
n 

gr
ap

h

N
o 

si
gn

if
ic

an
t e

ff
ec

t o
n 

%
 a

dh
er

in
g 

to
 I

O
M

 r
ec

om
m

en
da

tio
ns

 (
82

%
 I

 v
s.

77
%

 C
, p

=
0.

42
)

Si
gn

if
ic

an
t e

ff
ec

t o
n 

ra
te

 o
f 

w
ei

gh
t g

ai
n 

in
 o

ve
rw

ei
gh

t g
ro

up
 o

nl
y 

(m
ea

n
di

ff
er

en
ce

 b
et

w
ee

n 
I 

an
d 

C
 in

 o
ve

rw
ei

gh
t g

ro
up

, 0
.1

2 
kg

/w
k,

 p
=

0.
01

)
N

o 
si

gn
if

ic
an

t d
if

fe
re

nc
es

 in
 o

bs
te

tr
ic

al
 o

r 
ne

on
at

al
 o

ut
co

m
es

Ph
el

an
 e

t a
l.

20
11

 [
94

]
Pr

im
ar

ily
 n

ul
lip

ar
ou

s 
w

om
en

 r
ec

ru
ite

d 
fr

om
ob

st
et

ri
c 

of
fi

ce
s 

in
 P

ro
vi

de
nc

e,
 R

ho
de

 I
sl

an
d

be
tw

ee
n 

10
 to

 1
6 

w
ee

ks
’ 

ge
st

at
io

n
18

6 
no

rm
al

 B
M

I 
(9

2 
I)

17
7 

ov
er

w
ei

gh
t/o

be
se

 B
M

I 
(8

7 
I)

1 
in

-p
er

so
n 

vi
si

t w
ith

 a
 d

ie
tit

ia
n 

at
 tr

ea
tm

en
t o

ns
et

ab
ou

t a
pp

ro
pr

ia
te

 w
ei

gh
t g

ai
n,

 e
xe

rc
is

e,
 a

nd
 d

ie
t

E
du

ca
tio

na
l a

ut
om

at
ed

 p
os

tc
ar

ds
 m

ai
le

d 
w

ee
kl

y
Pe

rs
on

al
iz

ed
 g

ra
ph

s 
fo

r 
w

ei
gh

t g
ai

n 
m

ai
le

d 
af

te
r 

ea
ch

cl
in

ic
 v

is
it

3,
 1

5-
m

in
ut

e 
di

et
iti

an
 s

up
po

rt
 c

al
ls

A
dd

iti
on

al
 s

up
po

rt
iv

e 
ca

lls
 f

or
 m

ot
he

rs
 o

ve
r 

or
 u

nd
er

w
ei

gh
t g

ai
n 

gu
id

el
in

es

Si
gn

if
ic

an
t e

ff
ec

t i
n 

no
rm

al
 B

M
I 

w
om

en
 o

nl
y 

(%
ga

in
in

g 
ab

ov
e 

IO
M

re
co

m
m

en
da

tio
ns

, 4
0.

2%
 I

 v
s.

 5
2.

1%
 C

, p
=

0.
00

3)
N

o 
si

gn
if

ic
an

t d
if

fe
re

nc
es

 o
n 

to
ta

l w
ei

gh
t g

ai
n 

by
 B

M
I

Si
gn

if
ic

an
t e

ff
ec

t o
n 

pr
op

or
tio

n 
of

 n
or

m
al

 B
M

I 
an

d 
ov

er
w

ei
gh

t/o
be

se
 B

M
I

w
om

en
 w

ho
 r

et
ur

ne
d 

to
 th

ei
r 

pr
e-

pr
eg

na
nc

y 
w

ei
gh

ts
 b

y 
6 

m
on

th
s

po
st

pa
rt

um
 (

30
.7

%
 I

 v
s.

 1
8.

7%
 C

, p
=

0.
00

5)
N

or
m

al
 B

M
I 

w
om

en
 in

 I
 g

ro
up

 h
ad

 f
ew

er
 o

bs
te

tr
ic

al
 a

nd
 n

eo
na

ta
l

co
m

pl
ic

at
io

ns

Po
lle

y 
et

 a
l.

20
02

 [
97

]
B

la
ck

 a
nd

 w
hi

te
 lo

w
-i

nc
om

e 
w

om
en

 r
ec

ru
ite

d
fr

om
 h

os
pi

ta
l-

ba
se

d 
cl

in
ic

 in
 P

itt
sb

ur
gh

,
Pe

nn
sy

lv
an

ia
 b

ef
or

e 
20

 w
ee

ks
’ 

ge
st

at
io

n
61

 n
or

m
al

 B
M

I 
(3

0 
I)

49
 o

ve
rw

ei
gh

t B
M

I 
(2

7 
I)

In
-p

er
so

n 
(b

y 
nu

tr
iti

on
is

t o
r 

cl
in

ic
al

 p
sy

ch
ol

og
is

t)
,

te
le

ph
on

e,
 a

nd
 m

ai
le

d 
ed

uc
at

io
n 

ab
ou

t a
pp

ro
pr

ia
te

w
ei

gh
t g

ai
n,

 e
xe

rc
is

e,
 a

nd
 h

ea
lth

y 
di

et
 w

ith
in

cr
ea

si
ng

ly
 s

tr
uc

tu
re

d 
go

al
s 

if
 w

ei
gh

t e
xc

ee
de

d 
IO

M
gu

id
el

in
es

Pe
rs

on
al

iz
ed

 g
ra

ph
s 

fo
r 

w
ei

gh
t g

ai
n 

m
ai

le
d 

af
te

r 
ea

ch
cl

in
ic

 v
is

it

Si
gn

if
ic

an
t e

ff
ec

t i
n 

no
rm

al
 B

M
I 

w
om

en
 o

nl
y 

(%
ga

in
in

g 
ab

ov
e 

IO
M

re
co

m
m

en
da

tio
ns

, 3
3.

3%
 I

 v
s.

 5
8.

1%
 C

, p
<

0.
05

)
N

on
-s

ig
ni

fi
ca

nt
 tr

en
d 

in
 o

pp
os

ite
 d

ir
ec

tio
n 

fo
r 

ov
er

w
ei

gh
t w

om
en

 (
%

ga
in

in
g 

ab
ov

e 
IO

M
 r

ec
om

m
en

da
tio

ns
, 5

9.
3%

 I
 v

s.
 3

1.
8%

, p
=

0.
09

)
N

o 
si

gn
if

ic
an

t d
if

fe
re

nc
es

 in
 d

ie
t, 

ac
tiv

ity
, o

r 
ob

st
et

ri
ca

l o
r 

ne
on

at
al

ou
tc

om
es

Diabetes Obes Metab. Author manuscript; available in PMC 2013 March 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Herring et al. Page 15

St
ud

y
Sa

m
pl

e 
&

 S
et

ti
ng

In
te

rv
en

ti
on

M
ai

n 
fi

nd
in

gs

W
ol

ff
 e

t a
l.

20
08

 [
81

]
O

be
se

 (
B

M
I 

≥ 
30

) 
w

om
en

 r
ec

ru
ite

d 
fr

om
H

er
le

v 
H

os
pi

ta
l i

n 
Sw

ed
en

 b
ef

or
e 

15
 w

ee
ks

’
ge

st
at

io
n

23
 I

27
 C

10
, 1

-h
ou

r 
co

un
se

lin
g 

se
ss

io
ns

 w
ith

 a
 d

ie
tit

ia
n

in
st

ru
ct

in
g 

w
om

en
 to

 e
at

 a
 h

ea
lth

y 
di

et
 a

cc
or

di
ng

 to
D

an
is

h 
di

et
ar

y 
re

co
m

m
en

da
tio

ns
, w

ith
 r

es
tr

ic
te

d
en

er
gy

 in
ta

ke

Si
gn

if
ic

an
t e

ff
ec

t o
n 

to
ta

l w
ei

gh
t g

ai
n 

(6
.6

 k
g 

I 
vs

. 1
3.

3 
kg

 C
, p

=
0.

00
2)

Si
gn

if
ic

an
t l

ow
er

 e
ne

rg
y 

in
ta

ke
 in

 I
 w

om
en

Se
ru

m
-i

ns
ul

in
 a

nd
 le

pt
in

 w
er

e 
re

du
ce

d 
by

 2
0%

 in
 I

N
o 

si
gn

if
ic

an
t d

if
fe

re
nc

es
 in

 o
bs

te
tr

ic
al

 o
r 

ne
on

at
al

 o
ut

co
m

es
Si

gn
if

ic
an

t e
ff

ec
t o

n 
w

ei
gh

t r
et

en
tio

n 
at

 4
 w

ee
ks

 p
os

tp
ar

tu
m

 (
−

4.
5 

kg
 I

ve
rs

us
 −

2.
4k

g,
 p

=
0.

00
3)

* I=
In

te
rv

en
tio

n 
gr

ou
p;

 C
=

C
on

tr
ol

 G
ro

up
; B

M
I=

bo
dy

 m
as

s 
in

de
x;

 I
O

M
=

In
st

itu
te

 o
f 

M
ed

ic
in

e

Diabetes Obes Metab. Author manuscript; available in PMC 2013 March 01.


