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Abstract

Obesity in pregnancy is the leading cause of maternal and fetal morbidity, and gestational weight 

gain (GWG) is one modifiable risk factor that improves pregnancy outcomes. Most pregnant 

women gain more than the 2009 Institute of Medicine recommendations, particularly overweight 

and obese women. GWG even less than the 2009 IOM guidelines in obese women may improve 

pregnancy outcomes and reduce large-for-gestational-age (LGA) infants, an independent risk 

factor for childhood obesity, without increasing small-for-gestational-age (SGA) infants. 

Unfortunately, despite the fact that over 50 interventional trials designed to decrease excess GWG 

have been conducted, these interventions have been only modestly effective, and interventions 

designed to facilitate weight postpartum weight loss have also been disappointing. Successful 

interventions are of paramount importance not only to improve pregnancy outcomes but also for 

the future metabolic health of the mother and her infant, and may be key in attenuating the trans-

generational risk on childhood obesity.
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Obesity in Pregnancy as Leading Risk Factor for Adverse Maternal and 

Offspring Outcomes

Obesity in pregnancy is the leading cause of maternal and perinatal morbidity as women 

who enter pregnancy overweight or obese now represent the majority of pregnant women 

[1,2]. According to the 2011–2012 National Health and Nutrition Examination survey 

(NHANES), 58.5% of all US women of childbearing age are overweight or obese. The 

proportion of women of childbearing age who are overweight or obese varies by ethnic 

group, from 26% of Asian women, 55% of non-Hispanic white women, 70% of Hispanic 

women and 80% of non-Hispanic black women [2]. Obesity rates have tripled from 1960 at 

9.3% to 32% in 2010,[3] and there has been a marked increase in Class 3 (BMI ≥ 40) 

obesity rates [4]. Obesity rates in children have paralleled the growth in maternal obesity 

rates, with about a quarter of 2–5 year olds and one-third of school-age children (including 

adolescents) now overweight or obese in the U.S. [2]. Furthermore, half of childhood 

obesity occurs among children who have already become obese by age 5 years [5]. 

According to World Health Organization (WHO) estimates, there will be 70 million obese 

children globally by 2025 and the number of overweight or obese infants and children has 

increased by over 25% from 31 million in 1990 to 44 million in 2012 [6].

Obesity profoundly contributes to the leading causes of mortality including type 2 diabetes 

and cardiovascular disease (CVD) and the WHO recognizes obesity as the fifth greatest risk 

factor for global deaths. Obesity-related complications in pregnancy are estimated to 

increase the cost of prenatal care by 16-fold [1]. Obesity profoundly increases the risk for 

multiple pregnancy complications, including gestational diabetes (GDM; OR 4.0), 

preeclampsia or gestational hypertension (OR 3.2), as well as thromboembolic disease, sleep 

apnea, respiratory complications, cardiomyopathy, and preterm delivery [1,7,8]. Obesity 

also increases the rate of failed induction of labor, cesarean delivery, post-operative wound 

disruptions, anesthesia complications, and lactation failure [1,8]. The rate for cesarean 

delivery approaches 50% with a body mass index (BMI) >35 compared to 21% with a BMI 

<30 [8].

Maternal obesity also markedly increases the risk of newborn complications. Maternal 

obesity independently increases the risk of first trimester and recurrent pregnancy losses 

(OR ~3.0), congenital malformations (OR 2–3.0) including central nervous system, cardiac, 

and gastrointestinal defects and cleft palate, and perinatal mortality (OR 3–4.0), likely due to 

tissue hypoxia due to excessively grown fetuses outgrowing their placental blood supply [1]. 

One study concluded that for every unit increase in BMI the relative risk of a neural tube 

defect increased 7% [9]. Surprisingly, the majority of large-for-gestational-age (LGA) 

babies (>90th percentile) are not born to mothers with diabetes or GDM but to obese 

mothers and the macrosomia risk (>4000 gm) approaches 20% [10–12]. In fact, bariatric 

surgery has been shown to improve outcomes in subsequent pregnancies in women with 

severe obesity, including decreasing rates of GDM, preeclampsia, macrosomia, and cesarean 

delivery [13].
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Long-Term Outcomes in Offspring from Obesity in Pregnancy

Even more sobering are the long-term implications of obesity in pregnancy to the offspring 

[14]. The prevalence of childhood obesity is ~2.5 times higher in offspring of obese women 

compared to women with normal BMIs [15]. Maternal obesity is also an independent risk 

factor for excess neonatal fat, a more important predictor of childhood adiposity and a 

stronger risk factor than GDM in predicting offspring obesity by dual x-ray absorpitometry 

(DXA) at 9 years of age [11]. The Developmental Origins of Health and Disease (DoHAD) 

hypothesis, now substantiated by extensive animal and human research, strongly supports 

that both maternal nutrient deficiency as well as nutrient excess results in an acquired 

susceptibility to metabolic disease later in life which is programmed in-utero and in early 

infancy (Figure 1) [16]. Given the strong association between maternal obesity and the risk 

of childhood obesity and glucose intolerance, the metabolic milieu of the intrauterine 

environment is now considered to be a key risk factor for the genesis of adult diabetes and 

CVD [17].

The field of epigenetics offers a conceptual framework of how intrauterine metabolic factors 

(glucose, lipids, amino acids, growth factors, cytokines, oxidative stress) could alter DNA 

methylation and histone modification to change gene expression as a mechanism for this 

fetal programming influence [18,19]. Epigenetic changes which can be induced by an 

intrauterine environment characterized by an unhealthy diet, maternal obesity, and excessive 

weight gain may modify number, growth and function of many cells, promote adipogenesis, 

and later impact hypothalamic appetite regulation, pancreatic function, and alter 

mitochondrial and kidney function in the offspring (Figure 1) [20]. There are compelling 

data in animal and in non-human primate models to support that a maternal high fat diet and 

obesity can influence offspring mesenchymal stem cells to differentiate along adipocyte 

rather than osteocyte pathways [21,22] and invoke changes in the serotonergic system 

resulting in increased anxiety. Human epidemiologic studies suggest a correlation between 

obesity and a high fat diet and increased rates of anxiety, depression, ADD and autism 

disorders [23]. In non-human primates and animal studies, a high fat maternal diet also 

affects neural pathways involved with appetite regulation, promotes lipotoxicity in the fetal 

liver, and regulates gluconeogenic enzymes generating histology consistent with NAFLD 

(non-alcoholic fatty liver disease) [24,25]. Similar patterns have been demonstrated with the 

effect of maternal obesity alone supported by data that siblings born before maternal 

bariatric surgery are at a much greater risk for obesity than siblings born after weight loss 

surgery [27]. Recently, Brumbaugh et al. demonstrated that newborns of obese GDM 

mothers have evidence of increased intrahepatic fat at birth using NMR spectroscopy 

compared to NW mothers without GDM [28], possibly predisposing offspring to an 

increased risk for NAFLD. Twenty-five percent of obese 4–10 year olds already have 

glucose intolerance and as a growing number of these glucose intolerant children eventually 

become mothers themselves, the cycle is perpetuated (Figure 1).

Although obesity is the leading health risk responsible for maternal and neonatal morbidity, 

excess gestational weight gain (GWG) is an independent risk factor for childhood obesity 

[29]. It is also a risk factor that can be potentially modified in pregnancy. As we increasingly 

recognize that an intrauterine environment characterized by obesity, insulin resistance, 
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nutrient excess, and diabetes may be both contributing to the obesity epidemic in children as 

well as contributing to increasing rates of pregnancy complications and future 

cardiometabolic risk, this modifiable risk factor in pregnancy should be carefully 

scrutinized. For women, we contend that it is time to review the evidence and re-examine 

our current approaches to GWG and our recommendations for “healthy” weight gain.

Evidence that Gestational Weight Gain Independently Leads to Adverse 

Short-and Long-Term Outcomes

Studies investigating the association between early GWG and the risk for GDM have 

demonstrated an increased risk in overweight and obese women [30–32]. In Gibson’s 

retrospective case control study, early rapid weight gain before 24 weeks of gestation was 

not associated with increased risk for GDM in normal weight (NW) women but was 

increased in overweight and obese women [33]. Several studies demonstrate the independent 

effect of excess GWG on the increased likelihood of cesarean delivery [34–36]. Other 

studies have shown an association between excess GWG and preeclampsia [7,37].

Excess GWG also increases the risk of LGA as well as infant adiposity, a significant risk 

factor for childhood obesity [38]. GWG is increasingly associated with risk of childhood 

obesity and metabolic syndrome. In a study of 4496 children ages 14–22 in the National 

Longitudinal Survey of Youth [39], GWG was correlated with postpartum weight retention 

(PPWR), LGA and child obesity. Several epidemiologic studies have found that higher 

GWG is associated with higher weight for height and fat mass in childhood and adolescence, 

as well as dysfunctional metabolic and vascular traits [40,41]. In one study of 306 infants 

[42] in which adiposity was measured by Pea Pod (air displacement plethysmography), 

overweight mothers who gained excessive weight had the greatest difference in infant fat 

mass compared to those who gained appropriate weight (484 grams versus 304 grams). 

Obese mothers gave birth to infants with the highest mean fat mass regardless of weight 

gain.

In a large retrospective cohort in which birth certificate data were extracted in Florida 

between 2004–2008 to assess the influence of maternal BMI versus GWG versus GDM on 

the presence of LGA infants [29], excessive GWG contributed most to LGA, although BMI 

may have been underestimated in the birth certificate data. Furthermore, excess GWG was 

associated with increased adiposity using DXA, not only at birth but also at 6 years of age in 

the Southhampton’s Women’s Study Group [43]. Although pre-pregnancy BMI has been 

shown to increase the risk of childhood metabolic syndrome at age 6–11 by nearly 2-fold, 

LGA at birth, in part fueled by GWG, increases the risk more than 2-fold [44].

Gestational Weight Guidelines Proposed by the Institute of Medicine

In 1990, the Institute of Medicine (IOM) published recommendations for GWG based on 

maternal BMI category. A major priority at that time was preventing small-for-gestational-

age (SGA) offspring (weight ≤ 10th percentile for a given gestational age), due to the high 

costs related to the care of SGA infants and their long term health consequences. The data 

from the 1980′s that served as the primary basis of the 1990 guidelines demonstrated that 
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nearly as many women were underweight as overweight (20–30% in each group) and that 

the prevalence of obesity in women 20–39 years was only 12.3% [4]. The 1990 guidelines 

primarily considered the data to minimize low birth weight or preterm birth [45]. However, 

by 1994 the prevalence of obesity in women of childbearing age in the US jumped to nearly 

21%, and by the year 2006, 33% of women in the U.S. were considered obese, with nearly 

2/3 of U.S. women either overweight or obese [4]. At the same time, the rapidly increasing 

prevalence of childhood obesity was being recognized, with nearly 17% of children and 

adolescents obese in 2008 compared to only ~5% in 1980. Globally, an increasing trend of 

LGA infants was being recognized in Denmark, Sweden, Canada and the US, a 20% rise 

from 1990–2000. In the US, by 2006, nearly 20% of all infants were considered LGA 

compared to only 7.6% SGA [46]. Importantly, the increase in birthweight (BW) correlated 

with the increase in maternal weights during the same time period [47]. Further, infants born 

to obese women were not simply larger in respect to both lean mass and fat mass, but 

primarily due to an increase in fat mass alone, which accounted for nearly 50% of the 

variance in body weight [47]. As the prevalence of maternal obesity and LGA infants 

continued to overwhelm the prevalence of underweight mothers and SGA infants, the IOM 

reconvened to consider maternal and infant outcome data according to GWG in the face of 

the adult and childhood obesity epidemic.

The IOM published new GWG guidelines in 2009 given the increasing recognition of the 

role of obesity on adverse pregnancy outcomes. The IOM did not offer any GWG guidelines 

specific to women with diabetes or other comorbidities. Surprising to many, the IOM 

guidelines were minimally modified compared to 1990 guidelines [48]. The guidelines were 

essentially unchanged for underweight, NW (BMI 18.5–24.9: 25–30 lbs), and overweight 

(BMI 25–29.9: 15–25 lbs) women. For obese women, they recommended an upper limit to 

weight gain (BMI ≥30: 11–20 lbs) but provided no distinction for classes of obesity. (Table 

1)

Why were the 2009 IOM guidelines minimally modified from the 1990 guidelines in the 

face of a rapidly increasing adult and pediatric obesity epidemic? One contention was that 

women were already exceeding the GWG guidelines and that there should be more emphasis 

trying to get women to gain within the guidelines [49]. In recent data from 2011, 

approximately 48% of US women exceeded the 2009 Institute of Medicine guidelines for 

GWG. The majority of studies suggest that overweight and obese women are in fact more 

likely to exceed guidelines than NW women but absolute weight gain is less in obese than 

NW women [46]. Restall’s international cohort of nearly 2000 nulliparous women 

demonstrated that 74% had excessive GWG gain according to the 2009 IOM guidelines and 

that women who were overweight and obese had a 2.9 times greater odds (95% CI 2.2–3.8) 

and 2.5 greater odds (95% CI 1.8–3.5) of exceeding 2009 IOM guidelines, respectively [50]. 

Similar findings have been demonstrated in the analysis of the HAPO trial cohort of ~5000 

women in which 47% of NW, 74% of overweight, and 68% of obese women exceeded the 

guidelines [51], and in the First Baby cohort of 3006 women in which 42% of NW, 79% of 

overweight, 65% of obese women exceeded the 2009 guidelines [52]. Furthermore, in a 

recent retrospective analysis of 466 women with GDM, who presumably received more 

dietary advice during pregnancy, 29% of NW, 41% of overweight, and 49% of obese 
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women exceeded 2009 IOM guidelines. Exceeding the IOM guidelines was statistically 

associated with delivering an LGA baby in obese but not in overweight or NW women [53].

In addition to their focus on simply getting women to not exceed the IOM guidelines, 

another reason cited justifying little change in the guidelines was that the committee felt 

strongly about trying to balance the risk of low versus high GWG, and a concern that SGA 

may be more important than LGA. However, there has not been any attempt to distinguish 

typically defined SGA rates (<10th percentile) from those at <5th percentile, the latter being 

at a much higher risk for adverse outcomes. They developed their 2009 recommendations 

primarily on the basis of a primigravida, age 25–29, non-smoker, higher social status, and no 

exercise. They acknowledged that they did not consider the studies that used preeclampsia 

and GDM as adverse outcomes because they believed that the data to support these 

outcomes were weaker [54] and cited that most investigators did not measure weight gain 

before the diagnosis of GDM. There was not enough new evidence to change previous 

weight gain recommendations for adolescents, twins, or women carrying higher order 

multiple fetuses [49].

The committee primarily considered the outcomes of SGA, LGA, unplanned cesarean 

delivery, and excessive (≥ 5kg) PPWR. They also stated that since maternal BMI appeared 

to be the most important risk factor for infant adiposity, pre-pregnancy BMI and weight loss 

before pregnancy should be the primary focus. Lastly, they acknowledged that the 

committee evaluated data that demonstrated favorable outcomes especially among women 

with more severe obesity who gained less than 11 lbs or below the obligatory maternal tissue 

accretion and products of conception requirements (~17 lbs). However, they cautioned that 

the data were limited, insufficient to support specific weight gain recommendations for 

women with a BMI ≥ 35, and that they had reservations about recommending weight loss 

during pregnancy due to concerns about possible ketonemia. The weight gain per week 

recommendations were simply constructed as linear interpolations between the 

approximately 1–2 kg weight gain that most women gain in the first trimester and the target 

total GWG for each BMI category divided by the number of weeks in the remaining two 

trimesters of pregnancy.

Energy Costs of Pregnancy and Obligate GWG Requirements

If one were to better understand the energy costs of pregnancy, perhaps a more logical basis 

for weight gain recommendations could be made. The energy requirements of pregnant 

women have been derived from the incremental increase in basal metabolic rate (BMR) 

using calorimetry and the energy deposited in maternal and fetal tissues (changes in body 

protein and fat) (55). Weight gain in pregnancy results from products of conception (fetus, 

placental, and amniotic fluid), increases in various maternal tissues (uterus, breasts, blood 

and extracellular fluid), and increases in maternal fat stores. Hytten and Chamberlain 

developed a theoretical model to estimate energy requirements during pregnancy in a 60–65 

kg women assuming an average gestational weight gain of 12.5 kg (~28 lbs) estimating 

~0.93 kg for protein, 3.8 kg for fat, and ~7.8 kg for water). This model was the basis of 

current recommendations for energy intake in pregnant women of an extra ~300 kcal per 

day. The energy costs of pregnancy are divided into 3 components: 1) energy deposited in 
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the conceptus as new tissue; 2) energy deposited as fat; 3) energy required to maintain the 

new tissue. However, the energy needs for maintaining a pregnancy is much greater in 

humans than the cost of synthesizing the products of conception, because the fetus grows 

slowly and the energy costs of pregnancy, i.e, sustaining and moving the increased mass, is 

spread over an extended period of time. The rise in maternal metabolic rate during 

pregnancy is driven by the metabolic cost of maintaining the conceptus and supporting 

maternal tissue. Because pregnant women gain remarkably different amounts of fat stores, 

total energy costs of pregnancy correlate with maternal fatness as well as pregnancy weight 

gain. For example, Swedish women who gain ~40 lbs require ~60,000 calories over the 

course of pregnancy to increase their fat stores compared to 12,000 kcal for Asian women in 

the Philippines and Thailand who gain ~ 12 lbs. The result is that true energy costs of 

pregnancy are driven more by the increase in maternal fat stores and energy required to 

maintain those fat stores than the energy needed to synthesize a conceptus, resulting in 

extremely wide estimates of extra calorie recommendations in pregnancy (160–500 kcal/

day). Energy requirements are minimal in the 1st trimester compared to 3rd trimester 

according to the rate of increase in weight gain.

A slightly different approach to consider is the maternal compartmental location of weight 

gain in pregnancy, i.e. “where weight gain goes,” as noted in the preceding paragraph. The 

mother who delivers a healthy term infant would typically gain 3400 grams (7.5 lbs) for the 

fetus, 650 grams for the placenta (1.4 lbs), 970 grams for the increase in uterus size (2.1 lbs), 

405 grams for the increase in breast development (0.9 lbs), 800 grams for amniotic fluid (1.8 

lbs), and 1450 grams for the increase in blood volume (3.2 lbs), which are all considered 

obligate weight gain requirements [46]. In addition, most women increase their 

extravascular water by 1480 grams (3.3 lbs) and fat mass by 3345 grams (7.4 lbs). Thus, the 

obligate weight gain is ~ 7.5 kg grams (~17 lbs) which would require ~60,000 kcal or 225 

kcal on average extra per day to maintain if the mother were not to utilize some of her own 

fat stores. The obligate weight gain plus the increase in extravascular water and fat drives 

the caloric requirement to 100,000 kcal, the total weight gain to ~12.5 kg (28 lbs), or an 

extra 375 kg/day. There is no consensus about optimal fat store increases in pregnant 

women. However, it would seem reasonable that although undernourished women may 

benefit from gaining fat stores, well-nourished women may not need to gain more fat tissue 

which drives the increase in energy requirements to maintain the pregnancy and directly 

contributes to postpartum weight retention.

The Relationship Between Gestational Weight Gain and Postpartum Weight 

Retention

Postpartum weight retention is an additional adverse outcome from increased GWG. GWG 

is the most important predictor of weight retention at one year postpartum [39,56], and 

predicts future overweight and obesity, and therefore confers increased risk for diabetes and 

CVD. Studies demonstrate that 14–25% of women retain at least 4.5 kg after pregnancy 

[57–59]. Studies show significant correlation between excess GWG and weight status at 

multiple timepoints, including increased PPWR in the early postpartum period, as well as 

short, medium, and long term overweight and obesity. Excess GWG has been correlated in 
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studies with greater weight retention as early as two days after delivery [60], as well as 

through six weeks postpartum [61,62]. One study looked at periods of weight gain during 

pregnancy and noted that high GWG in early pregnancy was highly correlated with later 

obesity [41]. Multiple studies demonstrate that excess GWG is correlated with greater 

weight retention [57,58,61–63]. Even in the long term, excess GWG is highly correlated 

with overweight and obesity. In one cohort study, GWG predicted increased BMI fifteen 

years later, and weight retained at one year postpartum predicted overweight at 15 years, 

even in women who were NW before they became pregnant [64]. The Avon Longitudinal 

Study of Parents and Children (ALSPAC) of 2356 mothers in the UK demonstrated that 

women with excessive GWG (defined as exceeding the 2009 IOM guidelines) had a three-

fold increased odds of overweight 16 years after delivery [65]. In another cohort study with 

21 year follow-up, excessive GWG increased odds of overweight by 2.2 (95% CI 1.6, 2.8), 

and odds of being obese by 4.5 (95% CI 3.4, 5.9) [66]. An additional hazard of PPWR is that 

women will begin a subsequent pregnancy at a higher BMI, thereby increasing risk of 

maternal and fetal complications in the next pregnancy. In one retrospective cohort of over 

27,000 women, women who had excessive weight gain in their first pregnancy had increased 

odds of 2.6 (95% CI 2.4, 2.7) of having excessive weight gain in their subsequent pregnancy 

[67].

Consequences of Inter-pregnancy Weight Gain or Weight Loss

Weight gain (or lack of inter-pregnancy weight loss) is also associated with adverse 

outcomes in the next pregnancy. Importantly, one study suggested that overweight women 

may even start gaining weight at 6 weeks postpartum [68] and, in fact, what some studies 

define as PPWR may be due to weight gain in the postpartum period. A prospective cohort 

study of 540 women in upstate New York demonstrated that about 25% of women had 

gained weight by one year postpartum [57]. In one study of over 150,000 Swedish women, 

an increase in BMI of only 1–2 units between pregnancies was associated with 20–40% 

increased risk of gestational hypertension, GDM, and LGA deliveries. A gain of 3 or more 

BMI units was significantly associated with an increased risk for stillbirth. Conversely, 

interpregnancy weight loss of at least one BMI unit was associated with decreased risk for 

LGA delivery [69]. An interpregnancy weight loss by 12 lbs decreased risk for GDM in 

overweight and obese women by approximately 75% [69]. Another recent study 

demonstrated that interpregnancy weight loss decreased the risk for LGA, preeclampsia, and 

GDM [70].

Many studies have assessed the impact of bariatric surgery and associated weight loss 

between pregnancies, demonstrating that bariatric surgery between pregnancies is associated 

with lower rates of GDM, macrosomia, and cesearean delivery [71–74] and women with 

Class III obesity are most likely to benefit [75,76]. In one recent meta-analysis of 17 cohort 

and case-control studies looking at maternal and neonatal outcomes, women who had 

undergone bariatric surgery had a decreased incidence of preeclampsia (OR 0.45, 95% CI 

0.25–0.80), GDM (OR 0.47, 95% CI 0.4–0.56), and LGA babies (0.46, 95% CI 0.34–0.62). 

However, the women undergoing bariatric surgery had a higher incidence of SGA (OR 1.93, 

95% CI 1.52–2.44), preterm birth (OR 1.31, 95% CI 1.08–1.58), NICU admission (OR 1.33, 

95% CI 1.02–1.72), and maternal anemia (OR 3.41, 95% CI 1.56–7.44). The authors note 
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that in the subgroup of patients who underwent laparoscopic adjustable gastric banding, the 

odds of SGA delivery were no longer increased [77]. Another study demonstrated that 

women had significantly less GWG after bariatric surgery (8.3 vs. 11.3 kg) [78]. To avoid 

the risk of SGA, it is recommended that women who have had bariatric surgery not be in an 

active weight loss phase when they become pregnant and it is often advised to wait at least 

12–18 months before getting pregnant [75].

Data Supporting Less Weight Gain than IOM Guidelines in Overweight and 

Obese Women

Data began emerging as early as 2007 that weight gain according to the IOM Guidelines 

may be too liberal. In the Project Viva study of 1044 mother-child pairs, women who gained 

within the 2009 IOM guidelines still had a 3.8 fold increased risk of having a 3 year old at or 

above the 95th percentile for weight compared to those who gained less than the guidelines 

recommended [79]. This risk increased to a 4.3 fold in women who gained weight above the 

guidelines. Women who gained less than the recommended guidelines did not increase their 

risk of having an SGA infant. In the same cohort followed longer [80], it was shown that the 

lowest predicted prevalence of five adverse outcomes (LGA, SGA, preterm delivery, PPWR, 

and childhood obesity) was associated with a weight gain of ~11.2 kg (~25 lbs) in NW 

women, a weight loss of 1.2 kg (~3 lbs) in overweight women, and a weight loss of 7.6 kg 

(~17 lbs) in obese women. Similarly, Hinkle et al. examined ~122,000 birth records from 

obese women and found that Class I obese women could gain minimal weight, but that 

optimal range for Class II and III (BMI >35) obese women was −4.9 to 4.9 kg (−11 to 11 

lbs) to avoid both SGA and LGA [81]. Other studies supporting slight weight loss in obese 

pregnant women include Bodnar et al. who reviewed the Magee Obstetrical and Infant 

database and concluded that Caucasian obese women who gained only ~50% of the IOM 

recommendations had a barely higher adjusted odds ratio of SGA (1.1, 1.2, and 1.2 for Class 

I, II, and III obesity, respectively) but a lower risk of LGA (0.9, 0.9, and 0.8, respectively) 

[82]. A population cohort study in Sweden found that women with Class II or III obesity 

who lost weight had either a decreased or unaffected risk for cesarean delivery, 

preeclampsia, LGA, low Apgar scores, and fetal distress. The SGA risk was unchanged [83].

Data that also considered childhood outcomes included a study with 5000 children ages 14–

22 from the 1979 National Longitudinal Survey of Youth. In this cohort, Margerison Zilko 

et al. determined that GWG clearly increased LGA, PPWR, and child overweight. Further 

they distinguished that although the SGA rate decreased with sufficient GWG in 

underweight and NW mothers, overweight and obese mothers did not appear to need to gain 

“sufficient” weight to decrease the risk of SGA [39]. The investigators recommended an 

optimal GWG of ~5 kg (11 lbs) for overweight mothers but an optimal GWG of 0–5 kg in 

obese mothers (0–11 lbs). Lastly, in the 9 year follow-up of the body composition and 

biomarkers of offspring from ~3500 mothers in the Avon Longitudinal Study Parents/

Children in the UK [55,84], the investigators concluded that GWG below the 2009 IOM 

recommendations reduced offspring adiposity and unfavorable biomarkers for metabolic 

syndrome.
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As early as 1986 and in many subsequent reports, it has been shown that although there is a 

clear relationship between GWG and birthweight in underweight and NW women, this 

relationship was not the case for overweight and obese women [7,39,80,85,85–89]. Obese 

women did not appear to need to gain any significant weight in order to have a normally 

grown infant (~3500 grams) and even overweight women who did not gain any weight had, 

on average, an infant weighing at least 3200 grams (~7lbs). Overweight and obese women 

who have SGA infants often have other morbidities (e.g. chronic hypertension, obstructive 

sleep apnea, renal or vascular disease) that result in placental insufficiency contributing to 

the SGA risk [46]. In a systematic review of outcomes of the 35 highest quality studies 

drawn from the report conducted for the Agency for Healthcare Research and Quality, the 

authors concluded that there was strong support between excessive weight gain and LGA 

but only strong support between inadequate weight gain and SGA in NW and underweight 

women [90]. Further, the AHRQ encouraged the IOM to re-evaluate the GWG guidelines 

for overweight and obese women given these findings.

Although there have been numerous articles supporting less weight gain for higher BMI 

groups, [7,39,80, 82–89] a recent retrospective analysis of the data collected in 890 women 

who had been randomized to treatment or a control arm for mild GDM [91] challenged the 

conclusion that lower weight gain was optimal in both overweight and obese women [92]. 

The authors found that the overweight and obese women (both groups combined) who 

gained ≤5 kg (which included 46/188 women who lost weight) had a SGA rate higher than 

the women who gained >5 kg. However, the SGA rate in the ≤5 kg group (mean weight gain 

only 1.1 kg) was only 9.6% and less than the expected SGA rate in this population of 10%. 

Further, the SGA rate in the >5 kg weight gain group (mean 14.4 kg) was extremely low at 

4.9%. Infant body composition was estimated by a single anthropometric flank skinfold and 

all conclusions regarding fat mass and lean mass were based on this single skin fold rather 

than more reliable estimates of body composition (Pea pod or DXA) [93]. The women who 

gained ≤5 kg (n=188) were more likely to be women with GDM requiring insulin and were 

also more likely to be obese (mean BMI 34.2) than the women who gained >5 kg (n=1053; 

mean BMI 30.4), which could significantly affect body composition in the infants. The 

authors did not separate out the women who gained 0–5 kg from those who lost weight in 

the their analysis of the ≤5 kg group. There was a higher LGA rate in the >5 kg group 

(13.2% compared to 7.5% in the ≤5 kg group). Furthermore, the mean BW in both groups 

was normal and >7 lbs (3258 gm in the ≤5kg group and 3466 gm in the >5 kg group) in spite 

of statistical significance. Although the authors concluded that lean mass was also decreased 

(in addition to fat mass) in the ≤ 5kg group, this is expected since the infants weighed 

slightly less. However, only % fat mass (not % lean mass) was actually less in the ≤5 kg 

group (12% versus 13.2%). Head circumference was different by only 0.3 cm (34.2 versus 

34.5 cm) and length by 0.7 cm (49.3 cm versus 50 cm) in the infants born to mothers gaining 

≤5 kg compared to those who gained >5 kg. An alternative conclusion supported by the data 

is that even when overweight and obese women gain ≤5 kg (and a significant number lose 

weight), the SGA rate is less than the expected rate of 10%, the LGA rate is decreased, there 

is a slight decrease in infant % body fat, and there are no clinically significant differences in 

outcomes.
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Finally, a recent PRAMs survey using birth certificate data available in the U.S. conducted 

at a mean of 4 months after birth evaluated the infant death rate according to GWG and 

concluded that excessive weight gain might be protective against infant death in obese 

women [94]. However, infant deaths were reported up to >1 year out from delivery (61–450 

days), the study did not exclude preterm births (which are higher in obese women but 

decreases GWG due to an earlier delivery), and neither macrosomia, age >40, or obesity 

class were reported, all of which increase the risk of perinatal death. Recall bias for 

reporting GWG is unknown but recall bias likely affected the GDM rate since only 4% of 

the women reported GDM, lower than expected.

Data on GWG in GDM Women

Data suggest that weight gain prior to 24 weeks is a significant risk for the development of 

GDM in overweight or obese women [33]. Retrospective data in 215 overweight and obese 

GDM Korean women demonstrated that women who gained “inadequate” GWG (mean 2.4 

kg), i.e. less than the IOM guidelines, had a significantly lower insulin requirement, lower 

macrosomia risk, and no increase in SGA compared to women who gained according to the 

IOM guidelines or in excess of the IOM guidelines [95]. In the retrospective analysis of the 

Sweet Success California GDM program, women who gained less than the IOM guidelines 

(which included NW women) had a decreased risk of preterm birth, macrosomia, cesarean 

delivery, and need for insulin with a minimal increase in SGA (1.39, CI 1.01 to 1.9), likely 

driven by insufficient weight gain in NW women [96]. In a retrospective cohort of 322 

GDM overweight and obese women, 19% lost weight (mean 1.4 kg) between their GDM 

diagnosis and delivery. After adjustment for age, race, parity, A1C, GWG prior to GDM 

diagnosis and gestational weight at delivery, the BW of these infants was 283 grams lighter 

in the overweight women with no difference in SGA and with the same trend in the obese 

women [97]. Lastly in the recent observational cohort study of 802 Irish women 

(ATLANTIC-DIP) in which 65% had GDM, 23% had T1DM, and 12% had type 2 diabetes, 

those who gained excessive GWG needed more insulin and were more likely to deliver LGA 

infants in comparison to women who gained according to the guidelines. However the 

outcomes of women who actually gained less than the IOM guidelines were not reported 

[98].

What Can Be Done to Decrease GWG and are Interventions Effective?

While some have suggested that pregnancy may be a “teachable moment,” for overweight 

and obese women to focus on healthy eating and physical activity habits [56], in practice, 

effecting behavioral change can be a formidable challenge. Over the past 15 years, there 

have been over 50 published interventions designed to decrease GWG or to encourage 

weight gain within established guidelines for pregnant women. Despite the large number of 

studies that have been conducted, results have been mixed and the overall quality of 

evidence is low to moderate. In the past five years there have been at least 12 reviews and 

meta-analyses published summarizing the effects of these studies looking at diet and/or 

physical activity interventions to reduce GWG. Of these, eight identified a significant 

reduction in GWG [99–106] and four did not [107–110]. In the positive reviews, the overall 

reduction in GWG was modest, ranging from 0.4 to 2.2 kg. For example, in the 
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Thangarantinam et al. meta-analysis, of 34 randomized controlled trials through January 

2012, there was an overall reduction of 1.42 kg (95% CI 0.95 to 1.89 kg) in GWG compared 

to controls, as well as a reduction in the incidence of preeclampsia, gestational hypertension, 

GDM, and preterm delivery. There was no overall impact of interventions on adherence to 

IOM guidelines (RR 0.85, 0.66 to 1.1). However, when limited to ten studies focusing on 

dietary changes alone, the effect was larger, a reduction in GWG of 3.84 kg (2.45 to 5.22 

kg), and a reduction in risk of GDM and hypertension. This is in contrast to 14 studies 

focusing on physical activity alone with an overall reduction of only 0.72 kg (1.2 to 0.25 

kg), and ten studies with a mixed approach (diet and physical activity) with an overall 

reduction of 1.06 kg (1.67 to 0.46 kg). When limited to 11 interventions in overweight and 

obese women only, the overall effect was a 2.41 kg (4.04 to 1.26) reduction in GWG. In 

their overweight and obese population there was no reduction in BW or significant change 

in other clinical outcomes. When women with diabetes were excluded from the analysis, all 

of the effect sizes (i.e. difference between the groups) became larger [99]. The other positive 

meta-analyses derived modest GWG reductions of similar magnitude, ranging from 1.2 to 

2.2 for diet or diet plus physical activity [100–104]. In Choi et al.’s 2013 review of physical 

activity interventions through December 2011, the overall effect was estimated at 0.91 kg 

reduction in GWG (1.76 to 0.06) [105] and Sui et al. found a significant reduction of 0.36 kg 

for five trials antenatal exercise interventions though 2011 for overweight and obese women 

[106].

In contrast, several meta-analyses and reviews have been published which concluded that 

the evidence was insufficient and/or there was no significant effect. In the 2012 Cochrane 

review, the authors included 27 trials and concluded that overall results were not statistically 

significant and not consistent [107]. Similarly, Campbell’s 2011 review of five controlled 

trials concluded there was no significant difference in pooled effect between intervention 

and control [110], and Ronnberg reviewed eight controlled intervention studies (only four 

randomized) and identified no significant difference between intervention and control 

groups. They also judged the quality of evidence to be too low to derive any evidence-based 

recommendations [108]. The 2010 Dodd systematic review of antenatal interventions in 

overweight and obese women identified seven dietary intervention trials and found no 

statistically significant differences between interventions and controls for mean GWG, 

LGA, or any other reported outcomes [109]. A more recent systematic review looking 

specifically at technology-supported dietary and lifestyle interventions in healthy pregnant 

women identified just five randomized controlled trials meeting criteria, of which only one 

was completed. In that trial which included 321 healthy pregnant women, a video-based 

lifestyle intervention (“Video Doctor”) did not result in statistically significant differences in 

GWG vs. the control group [111].

Since these reviews were published, several other randomized controlled trials have been 

published. The ROLO (Randomized cOntrol trial of LOw glycemic index diet) study 

randomized 800 non-diabetic women with a history of a macrosomic first delivery into a 

low glycemic diet intervention or control group. Although there was no difference seen in 

the primary outcome of macrosomic deliveries, women in the intervention group gained 

significantly less weight (1.3 kg difference between groups) and were more likely to gain 

within IOM guidelines, although the weight difference was modest [112]. Petrella et al. 
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randomized 61 first trimester overweight or obese women into a Therapeutic Lifestyle 

Changes (TLC) Program or a control group. The GWG in the TLC group was significantly 

different only for obese but not overweight (6.7 vs 10.1 kg GWG) [113]. Vesco et al. 

randomized 114 obese pregnant women to individualized calorie goals and weekly group 

meetings vs. control, and noted that women in the intervention group gained significantly 

less weight (5.0 kg vs. 8.4 kg, mean difference −3.4 kg, 95% CI −5.9 to −1.8), and had a 

significantly lower proportion of LGA babies (9% vs. 26%, OR 0.28, 95% CI 0.09 to 0.84) 

[114].

Two studies have randomized pregnant women with GDM to metformin or insulin and have 

looked at GWG as a secondary outcome. In one trial, women randomized to metformin after 

diagnosis with GDM gained 0.4±2.9 kgs, vs. 2.0±3.3 kgs in women randomized to insulin 

[115]. In another study, women randomized to metformin after GDM diagnosis gained 

3.3±1.4 kgs, vs. 4.5±1.7 kgs in the insulin group [116]. One ongoing study in the UK will 

examine GWG as a secondary outcome in pregnant women without diabetes (Metformin in 

Obese Non-diabetic Pregnant Women (MOP).

Evidence for Interventions to Decrease Postpartum Weight Retention

Despite the importance of decreasing PPWR to reduce the risk for future diabetes and CVD, 

the postpartum period can be a challenging time to intervene in a woman’s life. Women 

describe multiple barriers to lifestyle change, including time constraints related to taking 

care of a newborn, responsibilities for other family members, financial constraints, efforts 

directed to lactation, and sleep deprivation [117–119]. In the past 15 years, over 25 trials of 

postpartum interventions have been conducted. In the most recent review of these studies, P. 

van der Pligt et al. reviewed studies through October 2012 and identified eleven controlled 

trials, with mean weight loss in the studies ranging from 1.9 kg to 7.8 kg, of which seven out 

of eleven were successful at decreasing PPWR [120]. Similarly, Nascimento et al. identified 

eleven studies of postpartum physical exercise interventions, with or without diet, with a 

mean weight loss of 2.57 kg (95% CI 3.66 to 1.47) [121]. They determined that 

interventions with diet and also with objective targets were the most effective intervention 

strategies. In Neville et al.’s review of studies through June 2012, specifically looking for 

weight management interventions in lactating women within two years of delivery, they 

identified six studies and noted that dietary interventions were most efficacious and yet few 

studies were tailored to lactating women [122]. A recent Cochrane review looking at diet 

and/or exercise for postpartum weight loss found 12 studies meeting criteria for inclusion, 

determining an overall modest effect for diet alone (−1.7 kg, 95% CI −2.1 to −1.3) or diet 

and exercise (−1.9 kg, −3.0 to −0.9) [123].

Several postpartum intervention studies have recently been published that were not included 

in these reviews. In the KAN-DO trial, 400 overweight and obese postpartum women were 

randomized to a family-based intervention with a primary outcome goal to reduce obesity in 

children; postpartum weight loss was included as a secondary outcome. There was no 

difference between groups in weight loss or in diet quality [124]. In another recent study, 

129 overweight women were randomized into either a Mediterranean diet arm or a normal 

diet for lactation based on the USDA MyPyramid for Pregnancy and Breastfeeding, and 
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both groups lost a modest amount of weight (−2.3 kg ±3.4 for Mediterranean and −3.1 kg 

±3.4 for MyPyramid), with no difference between groups [125]. Wilkinson et al. 

randomized 71 women into a postpartum weight management correspondence program, 

finding low engagement and no differences between groups [126].

Recently several investigators have focused on improving engagement using technology, as 

opposed to primarily group or one-on-one face-to-face interventions, in an attempt to 

improve reach in the postpartum population. In one recently published study, postpartum 

Japanese women were randomized into an active video game arm or control and given a Wii 

Nintendo console and Wii Fit Plus to use for 40 days. Investigators noted increased caloric 

expenditure and increased weight loss (−2.2 kg ±0.9 intervention vs. −0.5 kg ±0.7 control) 

[127]. In another pilot study, 18 low-income ethnic minority postpartum women were 

randomized to the Healthy4Baby intervention arm consisting of text messages and weekly 

calls with a health coach or a control group. After 14 weeks the intervention group had 

greater weight loss (−2.9 kg ±3.6 vs. 0.5 kg ±2.3) [128]. A recent pilot study utilizing a 

phone-based adaptation of the DPP for women with GDM during pregnancy demonstrated a 

non-significant trend in reaching postpartum weight goals for women, and a larger trial is 

ongoing [129]. Nicklas et al. demonstrated that women with recent GDM randomized to a 

web-based intervention, Balance after Baby, lost significantly more weight than controls 

(−2.8 kg, 95% CI −4.8 to 0.7 vs. +0.5 kg, −1.4 to +2.4). Participants in the Balance after 

Baby program were closer to their pre-pregnancy weight at 12 months postpartum (−.7 kg, 

−3.5 to +2.2 intervention vs. +4.0 kg, +1.3 to +6.8 control) [130].

Other factors which may be important in the postpartum period are relatively understudied, 

including the biological effects of sleep deprivation, appetite changes, postpartum 

depression, and environmental stressors that may contribute to the difficulties in achieving 

weight loss during this period. In addition, the relationship between breastfeeding and 

postpartum weight loss remains unclear. A recent review of 37 prospective studies and eight 

retrospective studies concluded that the majority of studies (63%) reported little or no 

association. However, 4/5 high quality studies identified in this review did show a 

significant relationship [131]. In the infant, weight gain in the first 6 months of life is 

especially predictive of later obesity [132] and most studies suggest that breastfeeding 

appears to attenuate the risk of excess infant growth [133]. The majority of studies looking 

at breastfeeding and later child adiposity, in both glucose tolerant women and in women 

with recent GDM, suggest that breastfeeding, especially for at least 6 months, is protective 

[134–138]. A significant body of evidence supports that breastfeeding also has highly 

beneficial effects in the development of innate immunity and decreasing allergies and that 

the oligosaccharides in breast milk are likely to favorably affect the infant microbiome 

[139,140].

On-going Pregnancy and Postpartum Trials

In addition to the recent studies that have been published, there are now multiple large 

ongoing studies to test interventions in pregnant and postpartum women, which we hope 

will answer many of these lingering questions. In the randomized controlled multicenter 

UPBEAT (UK Pregnancies Better Eating and Activity Trial), Briley and colleagues have 

Nicklas and Barbour Page 14

Expert Rev Endocrinol Metab. Author manuscript; available in PMC 2016 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



randomized over 1500 obese pregnant women into a low glycemic diet and physical activity 

intervention delivered via 9 sessions with a health trainer with the primary objective of 

decreasing the risk of GDM and LGA deliveries [141,142]. In the multi-center DALI trial 

(Vitamin D and Lifestyle Intervention for gestational diabetes mellitus prevention), Jelsma 

and colleagues are planning to enroll 880 pregnant women with a BMI ≥29 kg/m2 into an 8 

arm trial, testing diet, physical activity and vitamin D supplementation in various 

combinations, with a goal of reducing excessive GWG and improving fasting glucose and 

insulin sensitivity [143]. The HELP (Healthy Eating and Lifestyle in Pregnancy) trial plans 

to randomize 570 obese pregnant women into a weekly weight management intervention 

group or control, with the primary goal of reducing BMI at 12 months postpartum [144]. 

Nagle and colleagues plan to randomize overweight and obese pregnant women in Australia 

to participate in an intervention they developed called EDGE (Educate, Develop Goals, 

Engage), using brief telephone, text, and email contacts with the goal of decreasing the 

incidence of GDM, as well secondary outcomes including restricting GWG to IOM 

guidelines, decreasing LGA and improving OGTT results [143]. In the GeliS (acronym for 

“Gesund leben in der Schwangerschaft” /healthy living in pregnancy trial), Rauh and 

colleagues aim to randomize 2500 pregnant women in Bavaria into an intervention with a 

primary goal of decreasing the proportion of participants with excessive GWG [146].

In addition to these multiple large trials taking place worldwide, there are seven clinical 

centers conducting ongoing studies as part of the LIFE-Moms (Lifestyle Interventions in 

Expectant Moms) consortium. These include Phelan and colleagues’ Healthy Beginnings 

study, with an intent to randomize 350 obese women into a multi-component lifestyle 

intervention including partial meal replacements, Pi-Sunyer and colleagues’ LIFT (Lifestyle 

Intervention for Two) trial, which intends to randomize 210 overweight and obese women 

into an intensive lifestyle intervention, Joshipura and colleagues’ Pregnancy and Early 

Lifestyle Improvement Study (PEARLS) intends to randomize 400 overweight and obese 

women into a group-based lifestyle intervention with the goal of increasing the percent of 

women gaining within the 2009 IOM guidelines. Other studies in the LIFE-Moms 

consortium include MOMFIT (Maternal-Offspring Metabolics: Family Intervention Trial), 

in which Peaceman and colleagues plan to randomize 300 ethnically diverse OW and obese 

pregnant women into a behavioral intervention using a modified DASH diet as well as 

monitoring via Smartphone and internet. Additionally, Klein and colleagues’ study intends 

to randomize 266 overweight and obese African-American women into an intervention 

adding a diet and exercise lifestyle program to an existing home visit program. Redman and 

colleagues are conducting the Expecting Success trial, in which they are randomizing 306 

overweight and obese women into a personalized gestational weight management program 

delivered in person or by Smartphone, vs. control; and Knowler and colleagues are 

randomizing 200 OW and obese American Indian pregnant women into an intensive 

lifestyle program vs. control [147].

Expert Commentary

The stakes are high for an intergenerational influence of maternal obesity, GWG, and 

nutrient excess on both short-term as well as long-term adverse outcomes for the mother and 

her offspring (Figure 1). Given the available data, a multi-pronged approach stressing the 
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critical importance of weight reduction before pregnancy, GWG within or less than 

guidelines, decreasing PPWR, and avoiding inter-pregnancy weight gain in overweight and 

obese women is essential given the increased maternal and neonatal morbidity associated 

with obesity and the strength of pre-gravid BMI in predicting adverse outcomes and infant 

adiposity. Underscoring the benefit of a healthy diet that is both low in simple carbohydrates 

and saturated fats is also critical. There are accumulating human data that a high fat diet and 

maternal triglycerides are also correlated with worsening maternal insulin resistance and 

excess fetal fat accretion in humans [148–150] and convincing data from non-human 

primates consuming high fat diets, demonstrating lipid deposition in the liver, changes in 

appetite regulation, and abnormal behavior in the offspring [16, 24–26].

Most women (>50%) do not gain within the IOM guidelines, and thus delivering a strong 

message to avoid excessive weight gain and its adverse effects on LGA, preeclampsia, 

GDM, cesarean delivery, postpartum weight retention, and childhood obesity is an 

enormously important first step. The IOM has a user-friendly website for both providers and 

patients with on-line tools to facilitate weight gain according to the guidelines 

(www.iom.edu/healthypregnancy). However, we believe that the 2009 IOM weight gain 

recommendations for overweight and obese women may be too liberal given consistent data 

that although GWG is related to BW and SGA in underweight and NW women, this same 

relationship does not hold for overweight and obese women. Given the recently cited data, 

the significant contribution of weight gain to adverse pregnancy outcomes, LGA, PPWR, 

and the maternal and pediatric obesity epidemic, we recommend that NW and overweight 

women should strive to gain weight at the lower end of the IOM recommendations (~11 kgs 

or 25 lbs for NW women and ~7 kg or 15 lbs for overweight women). Obese women with a 

BMI of 30–34.9 do not appear to be at risk of SGA without any significant weight gain and 

a GWG not exceeding 5 kg (~10–11 lbs) should be recommended. For women with a BMI 

of ≥35, increasing data suggest that no weight gain is safe. Although there are limited data in 

obese women with GDM, they are likely to benefit even more from no significant weight 

gain. It is certainly feasible that modest weight loss might be of benefit for women with a 

BMI >35, although caution must be exerted in advocating this until prospective trials are 

completed.

Although the trials are overall disappointing thus far, the most effective means to achieve 

lower GWG appears to be through intensive diet strategies, although physical activity 

interventions may have the potential to decrease LGA. Most studies are limited in their 

measurement of infant body composition which is likely to be more important to future 

childhood obesity risk and only measure birthweight or use skinfolds rather than more 

accurate methods such as Pea Pod or DXA. Long-term prospective longitudinal studies that 

more carefully tease out the risk of GWG on childhood obesity controlling for maternal 

BMI, diet, and postnatal feeding practices utilizing better measures for body composition are 

gravely needed. Capitalizing on the “teachable moment” of pregnancy, [56] and the 

willingness for a pregnant woman to do whatever it takes to ensure her baby’s health is vital, 

and should play a major role in the motivational paradigm to design future trials that 

challenge the current IOM guidelines in overweight and obese women. Postpartum 

interventional trials that address barriers to participation, and rely less on face-to-face 
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contact using technology may be more likely to be successful. Breastfeeding, especially for 

at least 6 months, may facilitate postpartum weight loss, and appears to minimize excess 

infant weight gain, attenuate risk for childhood obesity, and favorably affect the infant 

microbiome and immune function, and should be strongly encouraged. There is little 

available research focused on understanding the biologic determinants of weight gain in 

pregnancy and weight loss in the postpartum period, including the importance of sleep 

deprivation, appetite regulation, physical activity, and postpartum depression. The window 

of pregnancy (and preconception) has the capacity to be the ultimate opportunity for primary 

prevention of CVD and diabetes in both the mothers and their infants. Although effective 

interventions may be challenging, we cannot afford not to try.

Acknowledgments

This work was supported by the Division of General Internal Medicine and the Department of Medicine at the 
University of Colorado School of Medicine, and by an NIH BIRCWH K12 HD057022. (JMN)

This work was supported by NIH R01DK078645, NIH R01 DK101659, and an American Diabetes Association/
Glaxo Smith Kline Targeted Research Award. (LAB)

Abbreviations

BMI body mass index

BMR basal metabolic rate

BW birthweight

CVD cardiovascular disease

DOHaD Developmental Origins of Health and Disease

DXA dual x-ray absorpitometry

GWG gestational weight gain

GDM gestational diabetes mellitus

IOM Institute of Medicine

LGA large-for-gestational-age

NAFLD non-alcoholic fatty liver disease

NW normal weight

PPWR postpartum weight retention

SGA small-for-gestational-age

WHO World Health Organization
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Key Issues

- Obesity in pregnancy has now been identified as the leading cause of 

maternal and perinatal morbidity, increasing the health care costs of 

pregnancy by up to 16-fold due to a striking increase in maternal medical and 

obstetric complications as well as major malformations, fetal loss, stillbirth, 

and neonatal complications.

- Extensive animal data and accumulating human data support a “fetal 

programming” paradigm that maternal obesity, excess GWG and an 

abnormal intrauterine metabolic environment change organ development 

(pancreas, kidney, heart, liver), fat and muscle mass, and through epigenetic 

changes may affect appetite regulation, mitochondrial oxidative capacity, 

organ function, and offspring behavior resulting in an increased risk for 

childhood obesity, metabolic syndrome, and diabetes.

- Maternal risks from excess GWG especially in overweight and obese women 

include a higher risk of GDM, preeclampsia or gestational hypertension, 

cesarean delivery, and postpartum weight retention which significantly 

increases the risk of maternal obesity, diabetes, and CVD and entering a 

subsequent pregnancy with these complications. Infant risks related to GWG 

include LGA and increases in fat mass and childhood obesity risk.

- The “obligate” amount of GWG needed to minimize maternal fat stores being 

used as an energy source is ~ 7.5 kg (17 lbs) to account for fetus, placenta, 

amniotic fluid and increases in breast and uterine tissue and plasma volume.

- Although underweight and NW women need to gain a sufficient amount of 

weight to minimize the risk of small-for-gestational age (SGA) infants, 

overweight and obese women who gain no weight on average deliver a 

normal weight infant. Obese women who deliver SGA infants commonly 

have other morbidities (e.g. chronic hypertension, renal disease) that place 

them at risk for placental insufficiency as the cause of the SGA.

- GWG, even when within the 2009 IOM guidelines, has been associated with 

an increase in the rate of LGA and childhood obesity in overweight and 

obese women.

- There is increasing evidence that to minimize both SGA and LGA risk and to 

decrease the risk of GDM, preeclampsia, cesarean delivery, postpartum 

weight retention, and childhood obesity that NW and overweight women 

should gain at the lower limit of the IOM guidelines, women with Class 1 

obesity < 5kg, and increasing evidence that obese women with a BMI ≥35 do 

not need to gain any weight to have a normally grown infant.

- Women with GDM who are overweight or obese may benefit from weight 

gain less than the IOM recommendations because minimal weight gain does 

not appreciably increase SGA but may decrease insulin requirements and 

LGA.
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- Randomized controlled interventions to minimize excess GWG have been 

modestly successful with more intensive diet intervention studies tending to 

be the most successful. Multiple trials are ongoing.

- Postpartum weight loss interventions have been disappointing. Breastfeeding, 

especially for at least 6 months, may facilitate postpartum weight loss and 

appears to attenuate the risk for childhood obesity.

- If possible, targeted interventions especially in overweight and obese women 

should begin preconception due to the powerful influence of pre-pregnancy 

BMI on adverse pregnancy outcomes, continue during pregnancy to 

favorably affect diet and GWG, extend postpartum to facilitate weight loss, 

and follow through the inter-pregnancy period to optimize maternal health.

- Successful interventions to achieve healthy maternal weight antepartum, 

intrapartum, and postpartum not only have the potential to favorably affect 

maternal health but also offspring health and decrease the intergenerational 

risk of obesity and diabetes on subsequent generations.
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5 year view

The adverse effects of maternal overweight and obesity, excessive GWG, and PPWR are 

well elucidated. However, despite a multitude of intervention studies in pregnancy and 

postpartum, the most effective interventions as well as the ideal targets for GWG and 

PPWR are not well understood. Multiple large trials are currently ongoing, especially 

during pregnancy, which will help answer these questions over the next few years. 

Interventions that capitalize on the widespread availability and convenience of web-based 

and mobile strategies may be useful in circumventing barriers to engagement to more 

effectively promote healthy weight gain during pregnancy and postpartum weight loss. 

Biologic studies that advance our understanding of the determinants of weight gain or 

loss in pregnant and postpartum women, including sleep deprivation, appetite regulation, 

breastfeeding, physical activity, and postpartum depression, may significantly improve 

the success of interventional strategies. Emerging areas of research that are closely tied 

with maternal weight gain which demand further investigation include the importance of 

maternal diet, including potential adverse effects of a high fat or simple carbohydrate diet 

in humans independent of obesity or GWG; the biologic determinants of breast milk and 

the ideal duration of breastfeeding to facilitate weight loss, including the impact of breast 

milk oligosaccharides on the infant microbiome and subsequent health outcomes; and a 

better understanding of antepartum and postpartum physiology, including contributors to 

weight gain or loss.

Nicklas and Barbour Page 29

Expert Rev Endocrinol Metab. Author manuscript; available in PMC 2016 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
There are several potential areas for intervention that may decrease the intergenerational 

cycle of obesity and associated disease. Shaded boxes indicate areas for potential 

intervention.
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Table 1

2009 IOM Guidelines for GWG

Pre-pregnancy BMI Recommended total GWG Recommended rates of GWG per week in 2nd and 3rd trimester*

Pounds Kg Pounds Kgs

Underweight < 18.5 kg/m2     28–40 12.5–18 1–1.3 0.44–0.58

Normal (18.5–24.9 kg/m2)     25–35 11.5–16 0.8–1 0.35–0.5

Overweight (25–29.9 kg/m2)     15–25   6.8–11.3 0.5–0.7 0.23–0.33

Obese (≥ 30 kg/m2) 11–20 5–9.1 0.4–0.6 0.17–0.27

*
Calculations assume 1.1–4.4 lb (0.5–2.5 kg) weight gain in the 1st trimester
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