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Abstract

Objective: Current guidelines for maternal weight gain in twin pregnancy were established in the 

absence of evidence on its longer-term consequences for maternal and child health. We evaluated 

the association between weight gain in twin pregnancies and the risk of excess maternal 

postpartum weight increase, childhood obesity, and child cognitive ability.

Methods: We used 5-year follow-up data from 1000 twins born to 450 mothers in the Early 

Childhood Longitudinal Study – Birth Cohort, a nationally representative U.S. cohort of births in 

2001. Pregnancy weight gain was standardized into gestational age- and prepregnancy body mass 

index (BMI)-specific z-scores. Excess postpartum weight increase was defined as ≥10 kg increase 

from prepregnancy weight. We defined child overweight/obesity as BMI ≥ 85th percentile, and low 

reading and math achievement as scores one standard deviation below the mean. We used survey-

weighted multivariable modified Poisson models with a log link to relate gestational weight gain 

z-score with each outcome.

Results: Excess postpartum weight increase occurred in 40% of mothers. Approximately 28% of 

twins were affected by overweight/obesity, and 16% and 14% had low reading and low math 

scores. There was a positive linear relationship between pregnancy weight gain and both excess 
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postpartum weight increase and childhood overweight/obesity. Compared with a gestational 

weight gain z-score 0 SD (equivalent to 20 kg at 37 weeks gestation), a weight gain z-score of +1 

SD (27 kg) was associated with 6.3 (0.71, 12) cases of excess weight increase per 1000 women 

and 4.5 (0.81, 8.2) excess cases of child overweight/obesity per 100 twins. Gestational weight gain 

was not related to kindergarten academic readiness.

Conclusions: The high prevalence of excess postpartum weight increase and childhood 

overweight/obesity within the recommended ranges of gestational weight gain for twin 

pregnancies suggests that these guidelines could be inadvertently contributing to longer-term 

maternal and child obesity.

Introduction

Weight gain during pregnancy has important consequences for maternal and child health. 

High pregnancy weight gain is a strong determinant of excess maternal postpartum weight 

retention, which in turn, increases a woman’s risk of subsequent obesity 1, 2. Women who 

retain postpartum weight are also more likely to begin their next pregnancies at a higher 

body mass index, which increases the likelihood of many adverse pregnancy outcomes 3. 

Children born to mothers who gain too much weight during pregnancy are also at increased 

risk of obesity in childhood, adolescence, and adulthood 4, 5.

In 2009, the Institute of Medicine (IOM) developed weight gain guidelines for singleton 

pregnancies based on robust literature linking weight gain to adverse health outcomes, 

including longer-term outcomes such as maternal and child obesity. However, the IOM could 

only publish provisional guidelines for twin pregnancies6. The provisional twin guidelines 

were established without data regarding the consequences of pregnancy weight gain on 

longer-term health outcomes. Understanding optimal pregnancy weight gain for twin 

gestations is important because women pregnant with twins gain more weight than women 

with singleton pregnancies and are also more likely to have adverse pregnancy outcomes 6. 

Despite calls from the IOM for research in this area 6, major knowledge gaps remain, 

especially on relations between pregnancy weight gain and longer-term health outcomes for 

mothers and children. We sought to evaluate the association between maternal weight gain in 

twin pregnancies and the risk of maternal postpartum weight increase, childhood obesity, 

and child cognitive ability at 5 years.

Methods

We used data from the Early Childhood Longitudinal Study – Birth (ECLS-B) Cohort, a 

nationally representative cohort of U.S. children born in 2001, sampled from birth 

certificates and followed to kindergarten entry 7. Parents were contacted at 9 months and, 

after providing informed, written consent, were interviewed at baseline. Families 

participated in follow-up study visits at 2, 4, and 5 years. Children who delayed entry to 

kindergarten or repeated kindergarten were contacted again at 6 years. A total of 10,700 

infants were enrolled, including an oversampling of twins (1650 twins born to 850 mothers). 

Numbers of participants are rounded to the nearest 50, as required by the U.S. Department 

of Education. Twins and their mothers were not eligible for the kindergarten assessment if 

they died, moved out of the country, or did not participate in any data collection since the 9-
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month study visit (12%) or if they were not selected to participate in the kindergarten 

assessment due to budget constraints (8%). An additional 9% were lost to follow-up. Of the 

1200 twins and 600 mothers who participated in the kindergarten wave, 200 twins and 100 

mothers were excluded because of missing data on gestational weight gain, the outcomes of 

interest, or confounders. The final analytic sample was 1000 twins and 450 mothers (83% of 

the those who completed the kindergarten assessment). We used ECLS-B sampling weights 

to maintain a sample with characteristics representative of births in 2001 and to account for 

differential selection probabilities and differential patterns of response/nonresponse. We 

used the WKR0 sampling weight, which is used to conduct analyses with kindergarten child 

assessment data alone or in conjunction with parent data 8, 9. When weighted, our analytic 

samples represented ~44,930 mothers of twins and ~98,770 twin children born in 2001 in 

the United States. The University of Pittsburgh institutional review board determined this 

project to be exempt from ongoing review.

At enrollment, mothers self-reported their prepregnancy weight and height. We calculated 

body mass index (BMI) as weight (kg) / height (m)2 and categorized it as underweight, 

normal weight, overweight, or obese. Total gestational weight gain was ascertained from 

birth certificates in 83% of participants and filled in with maternal self-report at enrollment 

for the remaining. We calculated prepregnancy BMI- and gestational age-standardized z-

scores using twin-specific charts 10. We categorized gestational weight gain as <−1, −1 to < 

0, 0 to +1, > +1 standard deviations (SD), which corresponds to ≤14, 14–20, 20–27 and ≥27 

kg total weight gain at 37 weeks among normal weight women with twin pregnancies, to 5.5 

kg, 11 kg, 18 kg, 28 kg, and 41 kg in overweight women with twin pregnancies, and to 0.9 

kg, 6.4 kg, 14 kg, 26 kg, and 43 kg in women with obesity with twin pregnancies. To 

evaluate whether absolute weight gain is associated with the outcomes of interest, we 

performed a sensitivity analyses using total weight gain (kg).

Mothers self-reported their current weight at the 5-year study visit. There is no gold standard 

definition for excess postpartum weight increase. We defined excess postpartum weight 

increase at 5 years as ≥10 kg change from prepregnancy weight, a cut-point the 2009 IOM 

committee evaluated in their report 6. We refer to this as ‘postpartum weight increase’, as 

weight change could be due to either postpartum weight retention or postpartum weight 

gain. We performed a sensitivity analysis defining excess weight increase as a BMI change 

≥5 kg/m2.

Children were weighed and their height measured using a standardized protocol at the 5- or 

6-year visit 7. We calculated age- and sex-specific BMI z-scores and percentiles 11, and 

defined child overweight/obesity as BMI ≥ 85th percentile. In sensitivity analyses, we also 

evaluated child obesity (BMI ≥ 95th percentile).

Cognitive ability at kindergarten entry was measured by trained interviewers conducting 

direct assessments of children’s reading and math ability at the age 5- or 6-year visit 7. 

Children’s language and emergent literacy skills were evaluated in a direct reading 

assessment, and their knowledge of number sense, operations, measurement, patterns, and 

geometry were evaluated in a direct math assessment. The ECLS-B study team created 

composite reading and math scores, and we standardized these scores based on the full study 
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cohort. We defined low scores as scores that were at least one standard deviation below the 

sample mean.

Information on maternal age, education, and parity were collected from the birth certificate. 

At enrollment, parents reported maternal race/ethnicity, smoking in the last 3 months of 

pregnancy, marital status, family socioeconomic status 12, food security of the family 

(secure, insecure without hunger, and insecure with hunger), and use of assistive 

reproductive technology. Twin zygosity (identical or fraternal) information was collected at 

the 2-year parent interview.

Statistical analysis

All analyses were conducted in StataMP 14. We estimated the association between 

gestational weight gain z-score and each binary maternal and child outcome using 

multivariable modified Poisson models with a log link, and linear regression for child BMI 

z-score. We used the svy, subpop( ) command to weight all models.. We used a “twins-as-

individuals” modeling approach because we were not interested in studying the twin pair 

itself 13. To accommodate flexible, nonlinear relations, we modeled gestational weight gain 

z-score as a restricted cubic spline with three knots set at the default locations 14. 

Confounders were identified a priori using theory-based causal graphs 15. All models were 

adjusted for child age at kindergarten assessment, child sex, zygosity, maternal age, parity, 

race/ethnicity, smoking in the last 3 months of pregnancy, use of assisted reproductive 

technologies, height, prepregnancy BMI, household socioeconomic status level, and food 

security.

After model estimation, we calculated adjusted predicted probabilities and risk differences 

(RD) with 95% confidence intervals (CI) via marginal standardization at selected values 

from −2 SD to +2 SD (approximately 5th to 97th percentiles of weight gain z-scores 

observed in our cohort) compared with a z-score 0 SD. We also evaluated the difference in 

risk within the IOM provisional weight gain guidelines for twins, which correspond to z-

scores of approximately −0.5 to +0.5 SD: 17–25 kg at 37 weeks’ gestation for normal 

weight women, 14–23 kg at 37 weeks’ gestation for overweight women, and 11–19 kg at 37 

week’s gestation for women with obesity. We plotted the average adjusted risks and 95% CI 

for each outcome. We multiplied the risk differences by 100 to estimate the number of 

excess (or prevented) cases per 100.

We performed several sensitivity analyses. We explored effect modification on the additive 

scale by maternal prepregnancy BMI (BMI <25 kg/m2 vs. ≥25 kg/m2) by visually inspecting 

the stratified risk curves. We performed sensitivity analyses using total absolute gestational 

weight gain (kg). Additionally, we imputed missing data using the multivariate normal 

imputation model, which uses an iterative Markov Chain Monte Carlo method 16, 17. Data 

were imputed at the child level, but the pregnancy identifier was included in the imputation 

model to inform the estimates.

Code availability—Computer code and data will not be available due to data use 

agreements with the U.S. Department of Education.
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Results

A majority of mothers were 30–35 years old, non-Hispanic White, college graduates, 

multiparous, non-smokers, and married (Table 1). Approximately 41% were affected by 

prepregnancy overweight or obesity. Almost one-quarter of women used an assisted 

reproductive technology to conceive, and approximately half of women had an income 

below 185% of the federal poverty line. Twins were born at a mean (±SE) 36 (±0.12) weeks 

gestation and 2429 (±22) g birthweight. The mean (±SE) absolute pregnancy weight gain 

was 17 (±0.41) kg and pregnancy weight gain z-score was −0.21 (±0.060).

Postpartum weight increase

The mean (SE) postpartum weight increase at 5 years was 9.2 (±0.57) kg, 59% of mothers 

had a 5-kg or more increase, and 40% of mothers had a 10-kg or more increase. Weight 

increase and prevalence of excess weight increase were lowest among women with a 

gestational weight gain z-score <−1 SD (≤14 kg at 37 weeks for a normal weight woman) 

and highest among women with a gestational weight gain z-score >+1 SD (equivalent to >27 

kg) (Table 2).

After adjusting for child age, child sex, zygosity, maternal age, parity, race/ethnicity, 

smoking, use of assisted reproductive technologies, height, prepregnancy BMI, household 

socioeconomic status, and food security, the prevalence of excess postpartum weight 

increase rose steadily from weight gain z-scores of −2 SD to +2 SD (Figure 1, Panel A). 

Compared with a gestational weight gain z-score 0 SD (equivalent to 20 kg at 37 weeks 

gestation in a normal weight woman with a twin pregnancy), weight gain z-scores of +0.5 

SD (23 kg at 37 weeks gestation in a normal weight woman with a twin pregnancy) and +1 

SD (27 kg at 37 weeks gestation in a normal weight woman with a twin pregnancy) were 

associated with 3.2 (95% CI 0.86, 5.5) and 6.3 (0.71, 12) excess cases of postpartum weight 

increase per 100 women, respectively.

The absolute risk of excess postpartum weight increase was high, even within the 

provisional range the IOM recommended for twin pregnancies, which correspond to weight 

gain z-scores of approximately −0.5 to +0.5 SD. The prevalence was 38% (95% CI 32%, 

44%) at the lower limit of the IOM-recommended range and 45% (37%, 52%) at the upper 

limits. The lower limit of the current twin weight gain recommendations was associated with 

6.6 (95% CI 2.2, 11) fewer cases of excess postpartum weight increase per 100 women than 

weight gain at the upper limit.

When we defined excess postpartum weight increase as a ≥5-kg/m2 increase in BMI, results 

were similar (Appendix Figure 1).

Childhood overweight

At kindergarten entry, the mean (±SE) child BMI was 16 (±0.080) kg/m2 and the mean 

(±SE) BMI z-score was 0.41 (±0.040). Approximately 28% of twins were affected by 

overweight/obesity and 12% affected by obesity. Child BMI z-score and prevalence of 

overweight/obesity increased with maternal gestational weight gain (Table 2). There was a 

positive, linear relation between pregnancy weight gain z-score and childhood overweight/
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obesity (Figure 1, Panel B). After confounder adjustment, women with gestational weight 

gain z-scores of +0.5 (23 kg) and +1 (27 kg) had 2.2 (0.69, 3.7) and 4.5 (0.81, 8,2) excess 

cases of childhood overweight/obesity compared with women who had z-scores of 0 (all z-

scores represent 37-week gain in a normal weight woman) (Table 3). There were 4.2 (1.2, 

7.3) excess cases of childhood overweight/obesity comparing the upper to the lower limit of 

current win pregnancy weight gain recommendations (adjusted prevalence 30% (25%, 36%) 

vs. 26% (22%, 30%)).

The same positive association was observed for childhood BMI z-score (Appendix Figure 

2).

Child reading and math achievement

The early reading and math achievement measures in twins had mean (±SE) z-scores of 0.08 

(±0.050) and 0.03 (±0.040), respectively, and 16% and 14% of twins had low reading and 

math scores. There were no meaningful differences in the prevalence of low achievement in 

either domain according to pregnancy weight gain z-score category (Table 2). Additionally, 

the null association remained after confounder adjustment in the spline modeling (Figure 1, 

Panels C and D; Table 3).

Maternal prepregnancy overweight did not modify the relations between gestational weight 

gain z-score and any of the 4 outcomes (Appendix Figure 3). There were no important 

differences in the relations when z-scores were replaced with absolute gestational weight 

gain (kg) (Appendix Figure 4). When we reran our analyses after multiple imputation, we 

found no meaningful differences (Appendix Table 1, Appendix Table 2).

Discussion

In this nationally representative U.S. cohort, excess postpartum weight increase and 

childhood obesity increased with higher pregnancy weight gain in a linear manner. The 

IOM-recommended pregnancy weight gain range was associated with high rates of excess 

postpartum weight increase, affecting 37% and 44% of women at the lower and upper limits, 

respectively. The same was true for childhood overweight/obesity, with 30% and 26% of 

twins affected at the upper and lower limits of weight gain recommendations. Pregnancy 

weight gain was not related to child academic readiness at kindergarten. These associations 

did not vary by prepregnancy overweight.

We are unaware of other studies relating maternal weight gain in twin pregnancies to 

postpartum weight. However, our results are consistent with studies in singleton 

pregnancies. Two meta-analyses of randomized trials in singleton gestations have shown that 

diet and/or physical activity interventions for preventing excessive weight gain during 

pregnancy reduce postpartum weight retention at 6–12 months 18, 19. Similarly, a meta-

analysis of observational studies reported that excessive gestational weight gain in singletons 

was associated with higher mean postpartum weight retention at 3 and ≥15 years postpartum 
20. Other research has linked pregnancy weight gain with postpartum adiposity at 7–8 years 
21, 22 as well as adverse cardiometabolic markers from 3 to 16 years postpartum 23-25.
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To our knowledge, there are no studies of child weight in relation to maternal weight gain in 

twin gestations. Using singleton pregnancies from the same ECLS-B cohort as our work, 

researchers observed that high gestational weight gain (z-score of approximately +1 SD) was 

associated with increasing child BMI z-score 26. They found no BMI increase within the 

IOM-recommended weight gain range. Two meta-analyses have linked excessive pregnancy 

weight gain to child overweight/obesity (odds ratios approximately 1.4) in childhood, 

adolescence, and adulthood 4, 5. For comparison, the adjusted prevalence ratio (95% CI) that 

we observed with weight gain z-score >+1 compared with 0 was 1.2 (1.0, 1.3). Excessive 

pregnancy weight gain has also been positively associated with child fat mass and 

cardiometabolic traits 27-29. The consistency of data linking high pregnancy weight gain in 

singletons to maternal and child obesity support the validity of our study estimates in twins. 

Our results can be used to inform the creation of evidence-based weight gain guidelines for 

mothers of twins that take excess postpartum weight increase and childhood overweight/

obesity into account.

We found no association between pregnancy weight gain and twin academic ability at 

kindergarten. Although we are unaware of similar studies in twins, the literature on 

singletons is equivocal. Excessive pregnancy weight gain was associated with lower reading 

and spelling scores at 6, 10, and 14 years in one cohort 30, while in another, inadequate 

weight gain was related to low academic ability at 4 and 16 years 31. Three other studies of 

3- to 10-year-old children found no association between gestational weight gain and child 

cognitive ability 32-35, including one study of 31,968 children that used a sibling comparison 

design to account for unmeasured familial factors 32. The 2009 IOM Committee called for 

research in this area out of concern that child neurocognitive development may be impaired 

by maternal fasting if ketone bodies are used as metabolic fuel for the fetal brain 36-39. Our 

sample had too few women with very low weight gain to adequately address this question, 

but thus far, research does not support this concern.

The ECLS-B did not collect data between the index pregnancy and the 5-year study visit on 

maternal weight or subsequent pregnancies. This information would have permitted an 

understanding of whether the excess weight at 5 years was retained from the twin pregnancy, 

retained from a subsequent pregnancy, or gained in the postpartum period. Some evidence 

suggests that excessive pregnancy weight gain in a singleton pregnancy remains associated 

with obesity at age 40, even when accounting for intervening pregnancies 2. The ECLS-B 

also did not ask women at the 5 year visit whether they were currently pregnant. It is 

therefore possible that postpartum weight was misclassified for a small proportion of 

mothers.

Mothers self-reported their weight before conception of the twin pregnancy and the 5-year 

study visit. Evidence suggests that, on average, weight is over- or under-reported to a small 

degree 40, and that reporting accuracy varies according to maternal characteristics in 

singletons 41 and twins 42. An internal validation study would be needed to evaluate the 

direction and magnitude of this potential misclassification bias 43. However, our previous 

work 44-46 suggests that this is unlikely to be an important concern. Our sample was 

relatively small, which may have limited our ability to detect moderate effects and to 

evaluate effect measure modification by prepregnancy BMI. Although attrition in the study 
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sample raises the potential for selection bias, the sample weights we used account for 

differential loss-to-follow up, thereby lessening this concern. Our study was observational, 

and therefore we cannot draw causal inference from our findings. We assumed that 

conditioning on baseline covariates in our analysis accounted for systematic differences 

among women with varying weight gains, but we cannot rule out the potential for 

unmeasured confounding. ECLS-B is nationally representative of births in 2001. While the 

cohort was enrolled 20 years ago, obesity and excessive weight gain remain relevant 

problems today.

Current provisional guidelines for twin pregnancies were created in the absence of 

information on longer-term health outcomes such as obesity. Our study found concerningly 

high rates of excess postpartum weight increase and childhood overweight/obesity within the 

current IOM-recommended ranges, suggesting that recommendations could be inadvertently 

contributing to longer-term maternal and child obesity and its sequelae. There is an urgent 

need to develop new guidelines that consider obesity risk against risks of infant death, 

preterm birth, and small-for-gestational-age birth, which increase with lower weight gain in 

twins 46. Taken together, these data highlight the importance of pregnancy weight gain 

guidelines for mothers with twin gestations that balance the complex trade-off between low 

and high weight gain for maternal and child health.
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Figure 1. 
Adjusted associations between gestational weight gain z-score and maternal and child health 

outcomes: maternal excess postpartum weight increase at 5 years (Panel A), childhood 

overweight/obesity at kindergarten entry (Panel B), low kindergarten reaching achievement 

(Panel C), and low kindergarten math achievement (Panel D), n = 450 mothers and n = 1000 

twins, Early Childhood Longitudinal Study Birth Cohort, United States, 2001-2007.

The solid lines represent the point estimate and dashed lines represent its 95% confidence 

bands. Gestational weight gain z-scores of −2, −1, 0, +1, and +2 standard deviations are 

equivalent to total maternal weight gain at 37 weeks gestation of 9.4 kg, 14 kg, 20 kg, 27 kg, 

and 37 kg, respectively, in normal weight women, 5.5 kg, 11 kg, 18 kg, 28 kg, and 41 kg in 

overweight women, and 0.9 kg, 6.4 kg, 14 kg, 26 kg, and 43 kg in women with obesity. 

Gestational weight gain z-score was modeled as a restricted cubic spline with 3 knots. 

Predicted risks were marginally standardized set at the population average in the presence of 

adjustment for child age, child sex, zygosity, maternal age, parity, race/ethnicity, smoking in 

the last 3 months of pregnancy, use of assisted reproductive technologies, height, and 

prepregnancy BMI, household socioeconomic status level, and food security. Sample sizes 

were rounded to the nearest 50, per U.S. Department of Education requirements.

Bodnar et al. Page 12

Int J Obes (Lond). Author manuscript; available in PMC 2021 September 03.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Bodnar et al. Page 13

Table 1.

Characteristics of mothers and their twins, the Early Childhood Longitudinal Study Birth Cohort (United 

States, 2001–2007).
1

Weighted % or mean (SE)

Maternal Characteristics (n = 450)

Age at delivery, years 29 (0.31)

Age at delivery, years

   <25 24

   25-29 27

   30-35 36

   >35 13

Race/ethnicity

   Non-Hispanic White 65

   Non-Hispanic Black 15

   Hispanic 9.1

   Other 11

Prepregnancy body mass index, kg/m2 25 (0.26)

Prepregnancy body mass index
3

   Underweight 3.2

   Normal weight 56

   Overweight 22

   Obese 19

Education at delivery

   Less than high school 15

   High school or equivalent 27

   Some college 24

   College graduate 33

Primiparous

   Yes 36

   No 64

Smoked during last 3 months of pregnancy

   Yes 9.3

   No 91

Marital status at delivery

   Married 75

   Unmarried 25

Use of assistive reproductive technology

   Yes 24

   No 76

Family socioeconomic status at delivery
2

   At or above 185% of federal poverty level 54
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Weighted % or mean (SE)

   Below 185% of federal poverty 46

Gestational weight gain, kg 17 (0.41)

Gestational weight gain z-score −0.21 (0.060)

Gestational weight gain z-score category
4

   <−1 21

   −1 to < 0 35

   0 to + 1 32

   >+1 12

Twin Characteristics (n = 1000)

Sex

   Female 50

   Male 50

Birth weight, g 2429 (22)

Gestational age at birth, weeks 36 (0.12)

Preterm birth < 34 weeks

   Yes 15

   No 85

Twin zygosity

   Monozygotic 22

   Dizygotic 78

Age at kindergarten follow-up, months 65 (0.15)

SE, standard error

1
Percentages and means (SEs) are weighted for the complex survey design, and sample sizes are rounded to the nearest 50, per U.S. Department of 

Education requirements.

2
Federal poverty levels are determined by the U.S. Department of Health and Human Services every year according to household size and income. 

A cut-point of 185% poverty is used to determine eligibility for government programs, including the Special Supplemental Program for Women, 
Infants, and Children

3
Underweight (<18.5 kg/m2), normal weight (18.5–24.9 kg/m2), overweight (25–29.9 kg/m2), grade obese (≥30 kg/m2).

4
Gestational weight gain z-scores of −1, 0, and +1 standard deviations are equivalent to total maternal weight gain at 37 weeks gestation of 14 kg, 

20 kg, and 27 kg, respectively, in normal weight women, 11 kg, 18 kg, and 28 kg in overweight women, and 6.4 kg, 14 kg, and 26 kg in women 
with obesity.
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