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Abstract

Purpose—To determine the extent to which trajectories of maternal preconception leisure time 

physical activity (LTPA) and sedentary behavior (LTSB) during adolescence and young adulthood 

are associated with offspring birthweight (BW), and to test if these associations differ by offspring 

sex or maternal pre-pregnancy overweight/obese status.

Methods—Participants with ≥1 birth (N=1,408) were identified from the National Longitudinal 

Study of Adolescent to Adult Health. Group-based trajectory modeling was used to characterize 

trajectories of LTPA (frequency/week) and LTSB (hours/week) which were measured, on average, 

over 7 years between age 15–22. Weighted regression and Wald tests were used to estimate and 

test mean differences and ORs for BW, small-, and large-for-gestational age (SGA, LGA).

Results—Three trajectories were identified for LTPA and five for LTSB. Associations differed by 

offspring sex for continuous BW and LGA (interaction P=0.10 and 0.008, respectively). Among 

female offspring, participants with high followed by decreasing LTPA delivered offspring with 90 

g greater BW (95% CI: −4, 184) and 72% greater risk of LGA (95% CI: 0.94–3.14), compared to 

participants with low LTPA. Among male offspring, LTPA patterns were not associated with BW. 

A pattern of high then decreasing LTPA among normal weight, but not overweight/obese women, 

was associated with 2.03 times greater risk of LGA (95% CI: 1.06, 3.88). LTSB trajectories were 

not associated with BW.

Conclusion—Associations of preconception trajectories of LTPA with offspring BW may differ 

by offspring sex and maternal pre-pregnancy overweight/obese status.
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INTRODUCTION

Maternal preconception lifestyle behaviors influence maternal health and can affect 

pregnancy outcomes including offspring birthweight (1, 2). Leisure time physical activity 

(LTPA) in adolescence and adulthood is associated with cardiovascular and metabolic health 

benefits, including lower body mass index (BMI) and body fat (3–5), greater insulin 

sensitivity (6, 7), lower blood pressure (8, 9), and lower inflammation (10). Prolonged 

sedentary behavior, independent of LTPA, is associated with increased risk of overweight 

(5), higher glucose and insulin levels, greater waist circumference, systolic blood pressure, 

and triglycerides (11, 12). These health consequences of LTPA and leisure time sedentary 

behavior (LTSB) in adolescence and young adulthood affect disease processes (body fat 

accumulation (3, 4), insulin sensitivity (6, 7, 12, 13), vascular function (14), and 

inflammation (10)) throughout adulthood and impact future maternal health. Maternal health 

status and preparedness for pregnancy is directly related to pregnancy outcomes.

A life course approach to healthy pregnancy and fetal development focuses not just on the 

pregnancy itself but also on preconception lifestyle and behavior (1). Prevention of chronic 

diseases by targeting upstream factors in adolescence and young adulthood may be less 

costly, easier, and more effective than prevention or treatment efforts focused only on 

adulthood (15). However, most previous research on determinants of healthy pregnancy has 

focused on behaviors during pregnancy or the short time period before the pregnancy. To our 

knowledge, the only previous study of patterns of maternal LTPA during adolescence and 

adulthood reported associations of long-term preconception LTPA with reduced risk of 

preterm birth but not low birthweight (16). This study did not consider macrosomia or 

preconception LTSB. Further, despite potential differences in response to maternal health 

status and behavior between male and female fetuses (2, 17, 18) and between fetuses born to 

women who are of normal weight and women who are obese (19, 20), roles of offspring sex 

and maternal pre-pregnancy BMI in these associations have not been studied.

Birthweight is an important measure of fetal growth and development (21). Extremes of the 

birthweight distribution have been associated with adverse short- and long-term health 

outcomes. Low birthweight and small-for-gestational age are associated with perinatal 

morbidity and mortality (22), as well as risk of chronic diseases in adulthood (23–27). 

Macrosomia and large-for-gestational age are associated with development of obesity and 

type 2 diabetes in later life (28, 29).

The objective of this study was to determine the extent to which trajectories of maternal 

preconception LTPA or LTSB during adolescence and young adulthood were associated with 

offspring birthweight, and to test if these associations differed by offspring sex or maternal 

pre-pregnancy overweight/obese status.
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METHODS

Study setting and study population

This study was conducted using data collected from 1994–2008 as part of the National 

Longitudinal Study of Adolescent to Adult Health (Add Health), a prospective cohort study 

designed to identify social, behavioral, and biological determinants of health across the life 

course (30). Add Health participants were identified from 132 “feeder” schools (schools that 

send graduates to a specific high school) of a stratified, random sample of high schools in 

the United States based on region, rural/urban setting, school size/type, and racial 

composition of the student body. At each school, a stratified, random sample of students 

based on grade and sex were selected for participation in the study. A total of 20,745 

adolescents in grades 7–12 (age 11–21 years) participated in Wave I (1994–1995). Follow up 

of participants occurred in 1996 (Wave II), 2001–2002 (Wave III), and 2007–2009 (Wave 

IV) when participants were 12–22 years old, 18–26 years old, and 24–32 years old, 

respectively. Between 71% and 76% of the baseline cohort completed study interviews at 

each follow-up assessment. Among 2,983 participants with at least one live birth after Wave 

III, 78%, 100%, and 99.9% of participants completed study interviews at Wave II, III, and 

IV, respectively. Add Health was approved by the Institutional Review Board of the 

University of North Carolina at Chapel Hill. This secondary analysis was conducted using 

deidentified data obtained under an Add Health Restricted-Use Data Contract at the 

University of Washington.

Participants with ≥1 live, singleton birth between Wave III and IV were included in this 

study (N=2,983). For participants who reported ≥1 live, singleton birth between Wave III 

and IV, only the first birth after Wave III study interview was included in this study. 

Participants with missing data for survey weight (N=182), birthweight (N=23), LTPA or 

LTSB trajectory (N=649), parental income and pre-pregnancy BMI (N=711), or other 

covariates (N=10) were excluded. A total of 1,408 participants with follow-up, on average, 

over 7 years between age 15–22, remained for analyses. Sociodemographic and pregnancy 

characteristics were similar between all eligible participants, participants included in this 

study, and participants excluded due to missing data (Supplementary Table 1).

Data collection

During in-person study interviews, data on sociodemographic characteristics (age, race, 

income of participant’s parents), pregnancy history and outcomes (live births, smoking and 

alcohol use during pregnancies), anthropometric measurements (height and weight), LTPA 

and LTSB were collected. Pre-pregnancy BMI was calculated using reported height and 

weight at Wave III and categorized according to standard cutoffs (underweight: <18.5 kg/m2, 

normal: 18.5–24.9 kg/m2, overweight: 25–29.9 kg/m2, obese: ≥30 kg/m2) (31).

Physical activity—In Waves I and II, participants reported frequency of the following 

LTPAs in the past week: jogging, walking, karate, jumping rope, gymnastics, dancing, roller-

blading, roller-skating, skate-boarding, bicycling, baseball, softball, basketball, soccer, 

swimming, and football. At Wave III, participants reported frequency of the following 

LTPAs in the past week: bicycling, skate-boarding, dancing, hiking, hunting, yard work, 
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gymnastics, weight lifting, strength training, running, wrestling, swimming, cross-country 

skiing, cycle racing, martial arts, football, soccer, basketball, lacrosse, rugby, field hockey, 

ice hockey, gold, fishing, bowling, softball, baseball, roller-blading, roller-skating, downhill 

skiing, snowboarding, racquet sports, aerobics, and walking. Because more LTPAs were 

assessed at Wave III (34 activities) than at Wave I or II (16 activities), total reported 

frequency of LTPA at Wave III was scaled by (16/34) to avoid overestimating LTPA at Wave 

III, as has previously been done in Add Health (32). The LTPA questionnaire used in Add 

Health has not undergone validity testing. However, validity compared to heart rate 

monitoring (r=0.45 for 7 day Physical Activity Recall) and test-retest reliabilities (r=0.49 for 

7 day Physical Activity Recall, r=0.76 for Godin-Shephard Survey) of self-reported LTPA 

was reported to be reasonable among female children and adolescents (33).

Sedentary behavior—Participants reported frequency and duration (hours) of the 

following LTSBs in the past week at each study visit: watching a movie, playing video or 

computer games, and using a computer for something other than school work.

Birthweight—At Wave IV, participants reported current pregnancy status and pregnancy 

history, including birth date, birthweight, sex, and gestational age of live births. Offspring 

birthweight was categorized as small-for-gestational age (SGA, <10th percentile) or large-

for-gestational age (LGA, >90th percentile) using INTERGROWTH-21st birthweight 

standards, which are considered to be valid for multiethnic populations (34).

Statistical analyses

Maternal and offspring characteristics were summarized for the analytic population. 

Weighted mean and standard deviation using survey weights was used to describe 

continuous variables. Frequency and weighted percentage was used to describe categorical 

variables.

Group-based trajectory analysis using a censored normal model for continuous measures, 

implemented through the TRAJ procedure in SAS, was used to identify trajectories of LTPA 

and LTSB from Wave I to Wave III (35, 36). This approach assumes the population is 

composed of a mixture of distinct groups defined by their trajectories. Sets of probability 

distributions for the specified number of LTPA and LTSB trajectory groups were calculated 

using maximum likelihood with age as the time scale. The optimal number and form (shape 

of the pattern of change) of trajectories were identified by comparing Bayesian Information 

Criteria (BIC) for models with different numbers of trajectory groups. Model comparisons 

with logged Bayes factor (2*ΔBIC)>10 were considered strong evidence for the better 

model (36). Additionally, even if logged Bayes factor comparison suggested a model with 

<20 participants in one trajectory group was a better model, this model was not considered 

better because of the challenges of using such small numbers in adjusted regression models 

(37). First, models with different numbers of trajectory groups with all groups of quadratic 

form were compared. After the optimal numbers of trajectory groups were determined, the 

form of all trajectory groups was changed to cubic form and the model was compared to one 

with all groups in quadratic form to identify the optimal form of each trajectory group. For 

the final models with the optimal number of trajectory groups and optimal form for each 
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group, the probability of group membership in each of the identified trajectory groups was 

calculated for each participant. Each participant was assigned to the trajectory group for 

which she had the highest posterior predictive probability on an age time scale. Trajectory 

groups were identified in the total analytic study population and in groups defined by pre-

pregnancy BMI category (normal weight or overweight/obese). Final forms for trajectory 

groups are presented in Supplementary Table 2. Final models had good discrimination for 

LTPA (average posterior predictive probability=0.67) and LTSB (average posterior 

predictive probability=0.77). Identified trajectories were labeled based on the relative 

distribution of the trajectories.

Weighted linear regression using survey weights was used to estimate mean differences and 

95% confidence intervals (CI) in offspring birthweight associated with LTPA and LTSB 

trajectories. Weighted logistic regression was used to estimate odds ratios and 95% CIs for 

SGA and LGA associated with trajectories. Wald tests were used to test joint significance of 

all LTPA or LTSB trajectories. Model I was adjusted for maternal age at delivery (years), 

race (non-Hispanic white/non-Hispanic black/Hispanic/other), parental income category (<

$20K/$20-60K/>$60K), nulliparity (Y/N), smoking during pregnancy (Y/N), alcohol use 

during pregnancy (Y/N), gestational age at delivery (weeks), and offspring sex. Model II 

was additionally adjusted for pre-pregnancy BMI category (underweight/normal weight/

overweight/obese).

Regression models were also fit stratified by offspring sex and by pre-pregnancy overweight/

obese status. Two-way multiplicative interaction terms and corresponding P values were 

used to assess interactions of LTPA or LTSB trajectories with offspring sex. Because 

trajectories were different for normal weight and overweight/obese women, there was no test 

of interaction for these groups. We used another longitudinal data approach, generalized 

estimating equations with repeated exposure and exchangeable correlation structure, to 

conduct sensitivity analyses.

A two-sided alpha level of 0.05 was used for statistical significance in all analyses. Analyses 

were performed using SAS 9.4 (SAS Institute Inc., Cary NC) and Stata 12.1 (StataCorp, 

College Station TX).

RESULTS

Participants were 24 years old at delivery and delivered newborns that weighted 3,281g, on 

average (Table 1). Sixty-seven percent of women were white, 14% were black, and 11% 

were Hispanic. About half of the participants were nulliparous and normal weight. Twenty-

four percent smoked during pregnancy. We identified three LTPA trajectories in adolescence 

and early adulthood among all participants, four LTPA trajectories among women with 

normal pre-pregnancy BMI, and three LTPA trajectories among women with overweight/

obese pre-pregnancy BMI (Figure 1, Supplementary Table 3). We identified five LTSB 

trajectories among all participants, two LTSB trajectories among women with a normal pre-

pregnancy BMI, and three LTSB trajectories among women with overweight/obese pre-

pregnancy BMI (Figure 2, Supplementary Table 4).
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LTPA trajectories and birthweight

LTPA trajectories were not associated with offspring birthweight in the overall population or 

by pre-pregnancy BMI category (Supplementary Table 5), but there was a suggestion that 

associations differed by offspring sex (P value for interaction=0.10) (Table 2). There were no 

statistically significant associations between LTPA trajectories and offspring birthweight in 

sex-stratified analyses. However, there was a suggested association among participants who 

delivered female offspring. Among participants who delivered female offspring, participants 

with high LTPA at 15–16 years old followed by decreasing LTPA at 22 years old delivered 

offspring with 90g greater birthweight (95% CI: −4, 184; P=0.06) compared to participants 

with low then decreasing LTPA. Among participants delivering male offspring, the same 

LTPA trajectory was not associated with birthweight (mean difference=−22; 95% CI: −110, 

67; P=0.63). Results were similar after adjusting for pre-pregnancy BMI category.

LTPA trajectories and birthweight categories

LTPA trajectories were not associated with SGA or LGA in the overall population 

(Supplementary Table 6), but associations with LGA differed by offspring sex (P value for 

interaction=0.008) (Table 3). There were no statistically significant associations between 

LTPA trajectories and LGA in sex-stratified analyses. However, there was a suggested 

association among participants who delivered female offspring. Among participants who 

delivered female offspring, participants with high LTPA at 15–16 years old followed by 

decreasing LTPA at 22 years old delivered offspring with 72% greater odds of LGA (95% 

CI: 0.94, 3.14; P=0.08) than participants with low then decreasing LTPA. Among 

participants delivering male offspring, LTPA trajectories were not associated with LGA 

(P=0.15). LTPA trajectories were associated with LGA among normal weight women, but 

not overweight/obese women. Among normal weight women, participants with high LTPA 

at 15–16 years old followed by decreasing LTPA at 22 years old delivered offspring with 

2.03-fold greater odds of LGA (95% CI: 1.06, 3.88) than participants with consistently 

moderate LTPA (Table 2). There were no associations of LTPA trajectories with SGA in 

female offspring, male offspring, normal weight women, or overweight/obese women. 

Results were similar after adjusting for pre-pregnancy BMI category.

LTSB trajectories and birthweight

LTSB trajectories were not associated with offspring birthweight (continuous or categorical) 

in the overall population, by offspring sex, or by pre-pregnancy BMI category. Results were 

similar with additional adjustment for pre-pregnancy BMI category. Preconception LTPA or 

LTSB was not associated with offspring birthweight in sensitivity analyses (Supplementary 

Table 7).

DISCUSSION

Our study found that maternal preconception LTPA and LTSB trajectories were not 

significantly associated with offspring birthweight overall. However, we observed several 

suggested associations that differed by offspring sex and maternal pre-pregnancy BMI that, 

while not statistically significant, are of interest. Among participants who delivered female 

offspring, there was a suggested association of high LTPA in adolescence followed by 

Badon et al. Page 6

Ann Epidemiol. Author manuscript; available in PMC 2018 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



decreasing LTPA in early adulthood and 90g greater offspring birthweight and 72% greater 

odds for offspring LGA compared to participants with low then decreasing LTPA. This 

association was not observed among participants who delivered male offspring. Among 

women with normal pre-pregnancy BMI, participants with high LTPA in adolescence (15–16 

years) followed by decreasing LTPA in early adulthood (22 years) had 2.0-fold greater odds 

for having LGA offspring compared with participants with consistently moderate LTPA 

throughout adolescence and young adulthood. This association was not observed among 

overweight/obese women.

A previous study of patterns of maternal preconception LTPA and pregnancy outcomes using 

Add Health data by Vamos et al found that maintaining high LTPA (≥5 times per week, 

based on meeting physical activity recommendations through 30 minutes of physical activity 

5 days per week) in adolescence and adulthood was not associated with low birthweight 

(OR=0.79; 95% CI: 0.45, 1.39) (16). Vamos et al identified patterns of LTPA a priori, which 

may not capture observed patterns in the data. In order to better capture observed LTPA 

patterns, we used a data-driven approach to identify trajectories in our analysis. We did not 

find associations of any identified LTPA trajectory with SGA. Vamos et al did not examine 

LTSB or LGA in their analysis or stratify by offspring sex or maternal pre-pregnancy BMI. 

No other study, to our knowledge, has examined these associations.

The sex-specific and pre-pregnancy BMI-specific findings we report are consistent with sex-

specific and pre-pregnancy BMI-specific associations of LTPA in the year before pregnancy 

with offspring birthweight we reported previously (2). In a cohort based in western 

Washington State, we found that pre-pregnancy LTPA was associated with lower offspring 

birthweight among female offspring and among offspring of women with normal pre-

pregnancy BMI. LTPA in adolescence and young adulthood is correlated with LTPA later in 

adulthood, which influences adult health (38). Participants with high LTPA in adolescence 

followed by decreasing LTPA in early adulthood likely continued to have a low LTPA level 

in adulthood, including during the time period immediately preceding the pregnancy. Low 

levels of LTPA in the year before pregnancy and during early pregnancy may have sex-

specific direct effects on early placental development (39), resulting in greater offspring 

birthweight among females, but not males, as we observed previously. Female fetuses may 

respond to changes in the intrauterine environment by changing growth rate, while male 

fetuses may respond by adapting placental function to continue normal growth (17). 

Additionally, low LTPA in adolescence and adulthood is associated with greater risk of 

abnormal glucose metabolism (6, 7, 13), which is a strong pre-pregnancy risk factor for 

gestational diabetes and large offspring birth size (40). Decreasing LTPA across adolescence 

to adulthood may be a stronger risk factor for abnormal glucose metabolism before 

pregnancy in normal weight women than in overweight/obese women, which may contribute 

to the observed increased risk of LGA in normal weight women.

The data driven approach we used in our study identified similar distributions of longitudinal 

LTPA and LTSB patterns as a previous study among the female Add Health population using 

a priori specified patterns (32). However, we did not identify a pattern of consistently high 

LTPA, as reported previously (16, 32). We also identified an additional LTSB trajectory with 

consistently moderate LTSB.
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Strengths of our study include characterization of long-term, longitudinal patterns of 

preconception LTPA and LTSB, use of continuous and categorical measures of birthweight 

to better characterize associations with birth size, and generalizability of results to the 

United States female population, as this was a nationally representative sample. However, 

results should be interpreted with several limitations in mind. LTPA and LTSB were recalled 

and self-reported, and LTPA duration was not collected, which may have introduced 

measurement error. Although the questionnaires used in Add Health have not undergone 

validity or reliability testing, similar LTPA recalls had reasonable validity (r=0.45 for 7 day 

Physical Activity Recall) compared to heart rate monitors and reasonable test-retest 

reliabilities (r=0.49 for 7 day Physical Activity Recall, r=0.76 for Godin-Shephard Survey) 

among female respondents (33). LTSB self-report among adolescent girls tends to 

underestimate sedentary behavior by about 3 hours per week compared to accelerometry 

(41) and has moderate reliability (κ=0.42–0.55) (42). Measurement error is likely non-

differential as LTPA and LTSB data were assessed before participants became pregnant. This 

may have biased our results toward the null. Offspring birthweight and gestational age at 

delivery were also recalled and self-reported. Maternal recall of birthweight has excellent 

validity (r=0.90) compared to birthweight in the medical record (43). Maternal recall of 

gestational age is also good (ICC=0.68) compared with the medical record (44). A large 

portion of eligible participants were excluded due to missing data; however, 

sociodemographic and pregnancy characteristics were similar between eligible participants, 

participants included in this analysis, and participants excluded due to missing data, 

reducing concerns about selection bias. Low P values for associations of LTSB trajectories 

with LGA in males and females were driven by one trajectory with no cases of LGA and are 

not reliable estimates (Supplementary Table 8). Three time points is the minimum number of 

time points necessary in order to apply trajectory modeling, which may have affected the 

estimation of trajectories. In sensitivity analyses using generalized estimating equations, we 

did not observe associations of preconception LTPA or LTSB with offspring birthweight. 

Finally, we may have had low power to identify statistically significant associations by 

offspring sex.

In conclusion, we found potential associations of a pattern of high LTPA in adolescence 

followed by decreasing LTPA in young adulthood with larger offspring birth size among 

female offspring and participants with normal pre-pregnancy BMI. Our results may help 

identify women at risk for LGA offspring at the beginning of pregnancy based on history of 

long-term LTPA prior to conception. Our results also contribute to a growing body of 

literature on sex-specific determinants of fetal growth and development. Future studies 

confirming our observed associations should objectively measure LTPA and LTSB at more 

than three time points to better characterize trajectories of these behaviors.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Leisure time physical activity trajectory groups for study participants overall (N=1,408) and 

by pre-pregnancy overweight/obesity status (N=662 for normal weight, N=695 for 

overweight/obese)
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Figure 2. 
Leisure time sedentary behavior trajectory groups for study participants (N=1,408) and by 

pre-pregnancy overweight/obesity status (N=662 for normal weight, N=695 for overweight/

obese)
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Table 1

Maternal and offspring characteristics of Add Health study participants, 1994–2008

Total

(N=1,408)

Maternal characteristics

Age at delivery (years), weighted mean (SE) 24 (0.2)

Race, n (weighted %)

    Non-Hispanic white 813 (67)

    Non-Hispanic black 274 (14)

    Hispanic 213 (11)

    Other 108 (7)

Married at time of pregnancy, (n, weighted %) 770 (81)a

Parental incomeb ($K), weighted mean (SE) 40 (1.4)

Parental incomeb category (n, weighted %)

    <$20,000 335 (25)

    $20,000–60,000 776 (55)

    >$60,000 297 (20)

Nulliparous, n (weighted %) 813 (56)

Pre-pregnancy BMI (kg/m2), weighted mean (SE) 26 (0.3)

Pre-pregnancy BMI category, n (weighted %)

    Underweight 51 (4)

    Normal weight 662 (47)

    Overweight 336 (24)

    Obese 359 (25)

Smoking during pregnancy, n (weighted %) 284 (24)

Alcohol use during pregnancy, n (weighted %) 86 (7)

Offspring characteristics

Birthweight (grams), weighted mean (SE) 3281 (23.0)

Low birthweight (<2,500g), n (weighted %) 113 (8)

SGA, n (weighted %) 110 (8)

LGA, n (weighted %) 216 (15)

Gestational age at delivery (weeks), weighted mean (SE) 39 (0.1)

Male, n (weighted %) 717 (52)

a
N=937

b
Income of participant’s parents at age 11–21 years.
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Table 2

Associations of leisure time physical activity trajectory groups with birthweight

N Mean
birthweight (g)

Mean difference (95% CI)

Model Ia Model IIb

Leisure time physical activity trajectory

OVERALL 1408

1 (decreasing from low activity) 940 3293 Reference Reference

2 (decreasing from high activity) 391 3273 26 (−44, 96) 25 (−44, 94)

3 (increasing activity) 77 3171 −35 (−191, 120) −48 (−202, 106)

FEMALESc 691

1 (decreasing from low activity) 468 3208 Reference Reference

2 (decreasing from high activity) 181 3178 90 (−4, 184) 92 (−1, 186)

3 (increasing activity) 42 3067 −73 (−258, 112) −70 (−261, 121)

MALESc 717

1 (decreasing from low activity) 472 3375 Reference Reference

2 (decreasing from high activity) 210 3341 −22 (−110, 67) −27 (−113, 59)

3 (increasing activity) 35 3307 15 (−217, 246) −10 (−230, 209)

a
Model is adjusted for maternal age at delivery (years), race (non-Hispanic white/non-Hispanic black/Hispanic/other), parental income category (<

$20K/$20-60K/>$60K), nulliparity (Y/N), smoking during pregnancy (Y/N), alcohol use during pregnancy (Y/N), gestational age at delivery 
(weeks), and offspring sex.

b
Model II is adjusted for all covariates in Model I and pre-pregnancy BMI category (underweight/normal weight/overweight/obese).

c
P value for interaction of LTPA trajectories with offspring sex= Model I: 0.10, Model II: 0.08
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