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Abstract

Background and Objectives—Gestational weight gain (GWG) is associated with both long- 

and short-term maternal and child health outcomes, particularly obesity. Targeting maternal 

nutrition through policies is a potentially powerful pathway to influence these outcomes. Yet prior 

research has often failed to evaluate national policies and guidelines that address maternal and 

child health. In 1990, the U.S. Institute of Medicine (IOM) released guidelines recommending 

different GWG thresholds based on women’s pre-pregnancy body mass index (BMI), with the goal 

of improving infant birth weight. In this study, we employ quasi-experimental methods to examine 

whether the release of the IOM guidelines led to changes in GWG among a diverse and nationally 

representative sample of women.

Methods—Our sample included female participants of the National Longitudinal Survey of 

Youth who self-reported GWG for pregnancies during 1979–2000 (N = 7,442 pregnancies to 4,173 

women). We compared GWG before and after the guidelines were released using difference-in-

differences (DID) and regression discontinuity (RD) analyses.

Results—In DID analyses we found no reduction in GWG among overweight/obese women 

relative to normal/underweight women. Meanwhile, RD analyses demonstrated no changes in 

GWG by pre-pregnancy BMI for either overweight/obese or normal/underweight women. Results 

were similar for women regardless of educational attainment, race, or parity.

Conclusions—The findings suggest that national guidelines had no effect on weight gain among 

pregnant women. These results have implications for the implementation of policies targeting 

maternal and child health via dietary behaviors.
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INTRODUCTION

Gestational weight gain (GWG) is strongly associated with both long- and short-term 

maternal and child health outcomes. In the short-term, excessive GWG is associated with 

Cesarean delivery and large-for-gestational-age birth weight infants.1–4 In the long-term, 

excessive GWG is associated with maternal weight retention,5–8 which is in turn associated 

with long-term morbidity and mortality.9

Targeting maternal nutrition through policies and other systemic interventions is a 

potentially powerful pathway to influence maternal and child health, as evidenced by federal 

food assistance programs and folate fortification policies.10, 11 However, policies can be 

difficult to evaluate rigorously. Public health researchers are increasingly calling for analyses 

to take advantage of natural policy experiments,12, 13 and there are a few examples of using 

such quasi-experimental approaches to assess the impacts of nutrition-related interventions 

and interventions to reduce obesity.14

In 1990, the Institute of Medicine (IOM) released national guidelines recommending 

different GWG ranges tailored to four categories of maternal pre-pregnancy body mass 

index (BMI) (Table 1).15 Prior guidelines in 1970 had recommended GWG of 20–25lbs (9–

11kg) for all women,16 and the new recommendations indicated that normal and 

underweight women should be gaining more weight during pregnancy, and that overweight 

and obese women should target lower ranges of GWG. The 1990 guidelines were primarily 

focused on improving infant birth weight; inadequate GWG leads to small-for-gestational-

age (SGA) infants, and the guidelines were primarily focused on increasing weight gain 

among normal and underweight mothers.15 At the same time, they relied on evidence that 

fetal growth requires less pregnancy weight gain in heavier women and aimed to minimize 

risks of antenatal complications and maternal obesity.17

This change in national guidelines in 1990 presents a unique natural experiment through 

which to examine the effects of guidelines on maternal weight gain, an important predictor 

of pediatric obesity. Specifically, the implementation of these new guidelines created a 

temporal discontinuity in the recommendations for weight gain in pregnancy. This 

discontinuity was unassociated with individual-level characteristics, and can therefore be 

considered an exogenous exposure. Moreover, the IOM report outlined different 

recommendations for different sub-groups, suggesting that a divergence in outcomes might 

be expected after the issuance of the guidelines. In this study, we employ several quasi-

experimental methods to examine the effects of this discontinuity on GWG among a diverse 

and nationally representative longitudinal panel of women. We hypothesize that overweight 

and obese women experienced a reduction in GWG after the implementation of the IOM 

guidelines, with a possible increase in GWG among underweight and normal women. The 

findings represent an innovative contribution to the literature on interventions to address the 

childhood obesity epidemic.

Hamad et al. Page 2

Int J Obes (Lond). Author manuscript; available in PMC 2016 November 20.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



METHODS

Data Set

Our sample was drawn from the 1979 National Longitudinal Survey of Youth (NLSY), a 

nationally representative cohort study of women and men who were born during 1957–1964 

(N = 6,283 women). Data were collected annually during 1979–1994, and biennially 

thereafter, although women also reported on pregnancies that occurred during non-survey 

years. Male participants were not surveyed about their partners’ pregnancies. We included 

all women who self-reported GWG for at least one of their pregnancies during 1979–2000 

(N = 8,869 pregnancies to 4,573 women). Since the IOM recommendations were for term 

births, we included pregnancies that went to term based on a self-reported gestational length 

of at least 37 weeks (87.5% of pregnancies). We excluded pregnancies after 2000 (0.3% of 

pregnancies), as these older women are likely to differ in important ways from those who 

became pregnant earlier. The final sample size was 7,442 pregnancies (N = 4,173 women), 

with an average of 1.78 pregnancies per woman. While a power calculation is typically not 

conducted for a DID analysis, in this case we found that the sample size would allow us to 

detect a difference-in-difference in GWG of 0.5kg among overweight/obese women relative 

to normal/underweight women in the post-period relative to the pre-period, at an alpha of 

5% and a power of 80% using a two-tailed test.

Measures

The primary outcome, GWG, was the self-reported weight gained during the pregnancy (i.e., 

weight at delivery minus pre-pregnancy weight). Women reported this value in pounds, and 

in this analysis we convert this to kilograms. The secondary outcome reported by 

participants was a dichotomous variable representing whether a woman’s doctor advised her 

to reduce calories during the pregnancy.

The primary predictor was a dichotomous variable indicating whether the pregnancy took 

place before or after the change in IOM guidelines for GWG. The guidelines were released 

in May of 1990, but required some time to be disseminated and implemented into prenatal 

care. We therefore consider pregnancies to fall during the “pre” period if the child was born 

before July 1, 1991, while those born on or after July 1, 1991 fall during the “post” period. 

This allows for six months of dissemination followed by a nine-month pregnancy, after 

which we would expect to begin seeing effects of the guidelines.

For each pregnancy, women reported their height and weight at the beginning of the 

pregnancy. From this information, we calculate a variable representing pre-pregnancy BMI 

(kg/m2), categorized as underweight (less than 18.5), normal (18.5 to 24.9), overweight (25 

to 29.9), or obese (30 or more).

Covariates included a categorical variable for educational attainment (less than high school, 

high school, some college, college or more), a dichotomous variable for marital status, a 

categorical variable for census region of residence (Northeast, North Central, South, West), a 

categorical variable representing parity (first child, second child, third child or more), 

whether a woman smoked during pregnancy, and child gender. Race was coded by the 

NLSY as a categorical variable – black, Hispanic, and white/other – with the latter group 
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including over 90% white individuals. Mother’s age was included as a second-degree 

polynomial to allow for non-linear associations (i.e., age and age-squared). We included 

fixed effects (dummy variables) for child’s year of birth to control for secular trends. During 

the latter part of the study period in which surveys were conducted biennially, a woman’s 

covariates from the prior year were carried forward if the pregnancy took place during a 

non-survey year.

Ethics Approval

Ethics approval for the NLSY was provided by the institutional review boards of Ohio State 

University and the National Opinion Research Center at the University of Chicago, and by 

the U.S. Office of Management and Budget.

Data Analysis

We employed three types of quasi-experimental analyses to examine whether the change in 

policy guidelines were associated with GWG. We first conducted a difference-in-differences 

(DID) analysis. This technique compares the average change in the outcome over time in a 

“treatment” group to the average change over time in the “control” group before and after 

the intervention of interest.18 In this case, the intervention was the change in policy, which 

we modeled as taking place on July 1, 1991. The treatment group was overweight and obese 

women, for whom the new guidelines recommended a decrease in the range of GWG (Table 

1). While the range of recommended weight gain after 1990 overlapped with 

recommendations prior to 1990 (15–25lbs compared with 20–25lbs, or 7–11kg compared to 

9–11kg), we hypothesized that the decrease in the lower limit might lead to a decrease in 

GWG on average in this group. The comparison group was underweight and normal women, 

for whom the guidelines recommended increased GWG. The hypothesized graphical 

representation of this DID analysis is shown in Supplemental Figure 1, in which the 

hypothesized effect on the treatment group as a result of the intervention is represented by T. 

In other words, we expect a decrease in GWG among overweight/obese women relative to 
normal/underweight women. An important assumption underlying DID models is that the 

slopes among the treatment and control groups prior to the intervention are parallel, as 

shown in Supplemental Figure 1, which we test empirically. Another assumption is that no 

other policies or interventions occurred at exactly the same time as the change in IOM 

guidelines that would have differentially affected GWG among these two subgroups. The 

analysis was conducted by including an interaction term between the intervention (i.e., pre- 

or post-July 1991) and treatment vs. control status (i.e., underweight/normal vs. overweight/

obese) (see Supplement for equation). As the treatment and control groups may differ in 

characteristics other than pre-pregnancy BMI, we also adjusted for the covariates listed 

above. Graphical analysis was conducted by fitting linear segments and locally weighted 

scatterplot smoothing regressions (i.e., lowess).

The second quasi-experimental method we employed was sharp regression discontinuity 

(SRD). In this analysis, we separately examined overweight/obese women and underweight/

normal women, as we hypothesized that GWG in these subgroups would have been 

influenced differently by the guidelines. For each group, two segments were fit to the data, 

before and after the designated cut-off at which treatment occurs.19 The treatment effect is 
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represented as the differences in the intercept between these two lines at the cut-off, which 

in this case is July 1, 1991 (Supplemental Figure 2). Observations were grouped into 

temporal “bins” of three-month intervals. Narrower bin widths led to increased noise, while 

wider bin widths prevented the visualization of trends in the data. We confirmed selection of 

this bin width by calculating an F-statistic to determine whether changes in the width 

significantly increased the explanatory power of the model.19 To estimate the treatment 

effect, we included a dichotomous variable in the model that was valued 0 for births before 

the cut-off, and 1 for births after the cut-off. A statistically significant coefficient on this 

variable would suggest an effect of the policy guidelines on GWG (see Supplement for 

model). An underlying assumption of SRD analyses is that the other covariates that 

determine the outcome must be evolving smoothly with respect to the primary predictor (in 

this case, time); to improve model precision, we therefore included the covariates described 

above.

Finally, the third type of quasi-experimental model was a fuzzy regression discontinuity 

(FRD) design. Unlike SRD, FRD does not assume that there is a sharp discontinuity at the 

cut-off, but rather an increase in the probability of treatment at the cut-off using an approach 

based on a two-stage least-squares instrumental variables (IV) analysis.19 As with SRD, we 

conducted separate analyses for overweight/obese and underweight/normal women. In the 

first stage, probability of treatment was predicted using a woman’s sociodemographic 

covariates and an indicator variable for whether the pregnancy occurred before or after July 

1, 1991. The outcome variable in the first stage was a variable indicating whether a woman’s 

doctor discussed calorie reduction with her during her pregnancy. This predicted probability 

of treatment was then used as the independent variable in the second stage, in which the 

outcome variable was a continuous variable representing GWG. The estimate of interest was 

the coefficient on the predicted treatment variable in the second stage. In both stages, we 

controlled for the covariates described above. SRD and FRD models in this study were 

implemented using the rd package for Stata.20

In all models, robust standard errors were clustered at the level of the mother, as some 

women had multiple pregnancies during the study period. Fixed effects (dummy variables) 

for child’s birth year were included to control for secular trends. We did not include sample 

weights, as the role of weighting is diminished when the goal of analysis is causal inference 

rather than population estimates.21 We did not include fixed effects for each woman, as this 

would limit the interpretation of the results to women with multiple children, it would 

substantially reduce the sample size, and because we expect a natural increase in weight gain 

with subsequent pregnancies at the within-person level.

Finally, to examine whether there were heterogeneous effects by subgroup, we tested for 

effect modification by education. To do so, we included an interaction term between 

education and the predictor variable. Similarly, we also tested for effect modification by race 

and parity. This was only done for the DID model, as the small cell sizes in the FRD and 

SRD models precluded the ability to conduct this additional analysis.
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Alternative Specifications

We conducted sensitivity analyses to test the robustness of our findings. First, we employed 

the BMI cut-offs described in the IOM report, which differed slightly from the standard 

definitions used in medical practice. Underweight was defined as a BMI of under 19.8, 

normal as 19.8–26.0, overweight as 26.1–29.0, and obese as greater than 29.0.15

Next, we compared the proportion of women who were “in compliance” with 

recommendations – i.e., whose GWG was within the recommended range for their pre-

pregnancy BMI – before and after July 1991.

RESULTS

Sample Characteristics

The mean age of women in the sample was 25.4 years (Table 2). Over two-thirds were 

married, and about two-thirds had a high school education or less. Fifty-seven percent were 

white, 25.2% were black, and 16.5% were Hispanic. About three-quarters were underweight 

or normal at the beginning of their pregnancies. Mean GWG was 14.2kg (SD 6.9kg). About 

61% of the overall sample stated that their physician advised them to reduce their calorie 

intake while pregnant. About one-fifth of pregnancies occurred after the cut-off of July 1, 

1991. Trends in GWG by birth year are shown in Supplemental Figure 3.

Difference-in-Differences Analysis

The slopes representing change in GWG over time among overweight/obese and normal/

underweight women prior to the intervention were parallel (Figure 1); this was similar when 

line segments were modeled using lowess regressions (Supplemental Figure 4). DID models 

demonstrated no difference in GWG among overweight and obese women relative to normal 

and underweight women in the post-policy relative to the pre-policy period (Supplemental 

Table 1, Figure 1). There were no heterogeneous effects by education, race, or parity (data 

available upon request).

Regression Discontinuity Analyses

A graphical examination of the data was not suggestive of a change in GWG at the cut-off of 

July 1991 among overweight/obese women (Figure 2A), nor for normal/underweight women 

(Figure 2B). This was confirmed by the SRD analysis, with no significant discontinuity 

identified at this cut-off for overweight/obese women (β = −2.85; 95% CI: −8.17, 2.48) or 

underweight/normal women (β = 0.77; 95% CI: −2.45, 4.00).

In the FRD analysis, the first stage demonstrated no significant change in doctors advising 

overweight/obese women to reduce their calorie intake during the post period relative to the 

pre period, nor was there a difference for normal/underweight women. Unsurprisingly, the 

second stage therefore demonstrated no significant change in GWG for overweight/obese 

women (β = 28.73, 95% CI: −69.69, 127.2) or underweight/normal women (β = 7.15, 95% 

CI: −109.7, 124.0).
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Alternative Specifications

When we constructed the BMI categorical variable using the definition as implemented in 

the IOM report, there were no significant effects of the change in guidelines in either the 

DID or RD analyses (data available upon request). Similarly, there was no significant 

difference in the proportion of women who were in compliance with the relevant 

recommendations before and after July 1991.

DISCUSSION

In this study, we examine the association of a change in national guidelines in 1990 with 

weight gain during pregnancy among a large diverse sample of women in the U.S. We find 

that overweight and obese women did not experience reductions in weight gain relative to 

normal and underweight women, and there were no heterogeneous effects by race, 

education, or parity. Neither did overweight/obese or underweight/normal women 

experience a change in GWG during the post-guideline period relative to the pre-guideline 

period. Although the data were collected during a time period when GWG and body weight 

more generally were increasing in the U.S.,22 our analytic strategy examines whether there 

was a specific discontinuity in this overall trend in the aftermath of the updated IOM 

guidelines, and we fail to find evidence of a departure from the overall trend. This study 

highlights the need to evaluate the effects of national policies on population health, in order 

to guide future implementation to maximize effectiveness. In this case, our results suggest 

that national guidelines from the IOM had no substantial impact on weight gain among 

pregnant women.

There are several possible reasons for these null findings. First, at the time the guidelines 

were released, the focus was largely on increasing weight gain among normal and 

underweight women in order to prevent low birth weight outcomes. In fact, the committee 

did not even recommend an upper limit for obese women, and actively discouraged calorie 

restriction.17 This may have resulted in mixed messages for overweight and obese women: 

by recommending lower ranges of GWG for these women while at the same time 

discouraging calorie restriction, this may have limited the feasibility of reducing weight gain 

during their pregnancies. This is confirmed by our finding in the FRD models that 

overweight and obese women not only did not reduce their GWG, but they also do not report 

a change in whether their doctor advised a reduction in calorie intake. We find no changes 

among underweight/normal women either, for whom the guidelines recommended stable or 

increased weight gain; this suggests that even the primary focus of the IOM guidelines – 

increasing GWG among women at high risk of SGA infants – may not have been achieved.

Another explanation is that the recommendations were not adequately disseminated to 

providers. A search of LexisNexis reveals fewer than 10 news articles regarding the 

recommendations during the decade of the 1990s. One prior study found that obstetrics 

providers demonstrated poor knowledge of and compliance with IOM recommendations and 

guidelines from the American College of Obstetricians and Gynecologists (ACOG), with 

limited knowledge of the definition of obesity and limited referrals of obese women to 

nutritionists.23 ACOG itself was likely delayed in adopting the guidelines; the organization 

did not endorse the more recent 2009 IOM recommendations until 2013.24 Unfortunately, 
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online archiving of ACOG committee opinions did not begin until 1998, so similar 

documentation is not available for the 1990 recommendations. Alternatively, even if the 

guidelines were disseminated to providers who took action on the recommendations, 

randomized controlled trials suggest that interventions to prevent excessive GWG are not 

consistently successful at doing so, particularly in overweight and obese women.25–31 This 

study is therefore consistent with the literature demonstrating the difficulty in supporting 

weight management during pregnancy.

The results of this study contrast with findings from other studies of policy changes targeting 

maternal and child health. For example, a quasi-experimental analysis found that providing a 

voucher to recipients of the Women, Infants, and Children food assistance program led to a 

decrease in the price of fruits and vegetables at participating markets.11 Another study of the 

earned income tax credit using a DID methodology found decreased low birth weight 

outcomes among recipient families.32 Notably, these policies involved more concrete 

interventions compared with the more abstract change in guidelines examined in this study; 

this suggests that updated recommendations do not necessarily result in improved outcomes, 

especially in the absence of other tangible modifications to other contributing factors. While 

the 1990 IOM guidelines called for provision of individualized nutrition assessment and 

counseling during prenatal care, these changes were not implemented nationally, and 

additional tools to aid clinicians in addressing a patient’s nutritional status were not provided 

until several years later.33, 34 Thus, while this study focuses on a historical policy change, it 

has important implications for public health: the findings suggest that changes in guidelines 

or policies in the future should be accompanied by more specific guidance and resources for 

implementation, as well as evaluations to assess whether the policies have their intended 

effect. This is especially pertinent for the updated GWG guidelines that were announced in 

2009, for which sufficient data may soon be available to conduct a similar analysis to this 

one. Future studies could evaluate more recent policies, whose impacts may differ due to the 

evolution of how information is transmitted and communicated among and between patients 

and providers, although we are unaware of an existing national representative data set such 

as the NLSY that would allow for such a study to be conducted presently. Future research 

can also examine the impacts of these guidelines on other outcomes, such as birth weight 

and childhood health, although an effect on these outcomes is unlikely in the setting of no 

observable changes in the primary target of these guidelines, which was GWG.

This study has several limitations, some of which may have contributed to the null findings. 

Given that pregnancy outcomes are self-reported, often in the year after the pregnancy, there 

may be measurement error in the measures employed here. While some suggest that there 

may be differential misclassification by pre-pregnancy BMI,35, 36 which might bias our 

estimates, others have shown that women self-reported estimates of gestational age, GWG, 

and pre-pregnancy weight are reasonably accurate.37–40 Moreover, as surveys were 

conducted biennially in later years, this may mean that self-reported measures may be less 

accurate later on, biasing our results towards the null. The mean length of time between 

delivery and interview date was 7.3 months. On the other hand, if women were aware of the 

guidelines, they may have been more likely to report GWG in the recommended ranges, due 

to social desirability bias; this would be more likely to demonstrate that the guidelines were 

effective. Yet we fail to find a significant effect, suggesting that this was not the case. 
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Another limitation is that the NLSY does not include a question about whether a woman’s 

physician recommended an increase in caloric intake, so we are unable to examine this 

aspect of the policy. Also, the study sample included a panel of women over a 21-year 

period; while we flexibly modeled age in these analyses and included year fixed effects, this 

nevertheless may have not sufficiently controlled for secular trends in weight gain in this 

aging sample, thereby potentially making it difficult to detect changes in GWG. Similarly, 

although the NLSY does constitute a nationally representative sample, it does not capture 

the experiences of younger women during the latter part of the study period. Additionally, 

while the quasi-experimental methods that we employ are likely an improvement over 

simpler multivariate regression methods, they nevertheless are not ideal in inferring a causal 

relationship between the guidelines and resulting GWG. For example, the DID relies on the 

comparability during the pre-period among the “treatment” and “control” groups, and 

overweight and obese women may differ in important ways from underweight and normal 

women. Similarly, we are not able to rule out the possibility of another event occurring 

simultaneously in the year of the release of the guidelines that would have counteracted their 

effect, although to our knowledge there were no major concurrent changes in determinants 

of GWG. Finally, the diffusion of the policy to practitioners and patients may have been 

slower than we have assumed here. Unfortunately, given that there are fewer births in the 

later part of the study period, we are not able to account for this possibility by conducting 

additional sensitivity tests in which we model the cut-off in later years, due to the instability 

of subsequent estimates.

This study employs several quasi-experimental methods, providing evidence that a change in 

national guidelines regarding GWG did not result in changes in weight gain during 

pregnancy among overweight/obese or normal/underweight women. This may be because 

the policy change did not involve concrete changes to women’s social and physical 

environments that would support this change. In the future, policymakers might consider 

tying changes in recommendations with more tangible programs, such as financial 

incentives, regulating the advertising of food products, or modifying urban environments to 

promote physical activity.41 This study also highlights the need to regularly conduct 

evaluations of the impacts of policies on population health.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Graphical representation of difference-in-differences analysis, comparing overweight/
obese women to normal/underweight women before and after cut-off of July 1991
N = 7,133 pregnancies. Vertical line represents cut-off of July 1991.
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Figure 2. Graphical analysis of regression discontinuity, comparing women before and after cut-
off of July 1991, by pre-pregnancy BMI
BMI = body mass index. N = 1,848 pregnancies in panel A; and 5,285 pregnancies in panel 

B.
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Table 1

Change in IOM recommendations for gestational weight gain

BMI Category Recommended GWG

Before 1990 After 1990

Pounds Kilograms Pounds Kilograms

Underweight 20–25 9–11 28–40 13–18

Normal 20–25 9–11 25–35 11–16

Overweight 20–25 9–11 15–25 7–11

Obese 20–25 9–11 At least 15a At least 7a

Source: Institute of Medicine, 1990.

IOM = Institute of Medicine; GWG = gestational weight gain.

a
While the report did not recommend a specific ceiling of GWG for obese women, investigators typically use the same upper limit as 

recommended for overweight women (29, 40).
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Table 2

Sample characteristics

Sociodemographic characteristics N (%) Mean (SD)

Age 25.4 (5.1)

Married 5,128 (68.9)

Education

 Less than high school 1,764 (23.7)

 High school 3,252 (43.7)

 Some college 1,414 (19.0)

 College or more 1,012 (13.6)

Race

 White/Other 4,339 (58.3)

 Black 1,875 (25.2)

 Hispanic 1,228 (16.5)

Parity

 First child 3,051 (41.0)

 Second child 2,538 (34.1)

 Third or greater child 1,853 (24.9)

Region

 Northeast 1,228 (16.5)

 North central 1,816 (24.4)

 South 2,828 (38.0)

 West 1,570 (21.1)

Smoked during pregnancy 2,054 (27.6)

Pregnancy Characteristics

Pre-pregnancy BMI

 Underweight 566 (7.6)

 Normal 4,956 (66.6)

 Overweight 1,287 (17.3)

 Obesity 633 (8.5)

Doctor advised calorie reduction 61.1

Gestational weight gain (kg) 14.2 (6.9)

Date of pregnancy

 Jan 1979 – Jun 1991 5,998 (80.6)

 Jul 1991 – Dec 2000 1,444 (19.4)

N = 4,173 women and 7,442 pregnancies. N(%) above refers to number of pregnancies. Women from the 1979 NLSY cohort were included if they 
provided information for at least one pregnancy during the study period.
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