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Abstract

Objective—The current study compared growth parameters of girls’ and boys’ BMI trajectories 

from infancy to middle childhood, and evaluated these parameters as predictors of cardiovascular 

disease (CVD) risk in adolescence.

Methods—Using 657 children from the NICHD Study of Early Child Care and Youth 

Development (SECCYD), quadratic growth curve analyses were conducted to establish growth 

parameters (intercept, slope, quadratic term) for girls and boys from 15 months to age 10 ½. 

Parameters were compared across gender and evaluated as predictors of a CVD risk index at age 

15, controlling for characteristics of the adiposity rebound (AR) including age at which it occurred 

and children’s BMI at the rebound.

Results—Boys had more extreme trajectories of growth compared to girls with higher initial 

BMI at 15 months (intercept), more rapid declines in BMI before the AR (slope), and sharper 

rebound growth in BMI after the rebound (quadratic term). For boys and girls, higher intercept, 

slope, and quadratic term values predicted higher CVD risk at age 15, controlling for 

characteristics of the AR.

Conclusions—Findings suggest that individuals at risk for developing CVD later in life may be 

identified before the AR by elevated BMI at 15 months and slow BMI declines. Due to the 

importance of early intervention in altering lifelong health trajectories, consistent BMI monitoring 

is essential in identifying high-risk children.
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Current estimates suggest that 37% of normal weight, 49% of overweight, and 61% of obese 

U.S. adolescents have at least one cardiovascular disease (CVD) risk factor.1 Because CVD 

risk tracks from adolescence to adulthood,2 understanding CVD risk antecedents can help 
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identify individuals vulnerable to disease. Childhood physical growth trajectories may 

predict problematic health during the transition into adolescence and beyond.3,4

Norm-referenced growth charts, stratified by body mass index (BMI) percentile, depict age-

related BMI change. BMI sharply increases from birth to 6 months due to accelerated fat 

gain, plateaus in late infancy, then begins to decline due to body lengthening and slowed fat 

cell production in toddlerhood.5,6 Around ages 5–6, children experience the adiposity 

rebound (AR), a surge of fat cell production and corresponding BMI increases.7 Children in 

higher BMI percentiles tend to experience sharper initial declines and earlier, more rapid 

rebound growth than those in lower percentiles.6 Although children with an early AR are at 

higher risk for overweight or obesity in adolescence and early adulthood,3 past research 

focuses on AR timing and weight at single time points rather than patterns of BMI change 

across time to predict later health. Because the development of CVD involves pathological 

processes beginning early in life,2 considering childhood growth trajectories provides a 

more complete picture of the emergence of health risk during the critical period of 

adolescence.

Childhood BMI growth is best described quadratically with three parameters: an intercept 

representing BMI at the beginning of observation, a linear slope to describe BMI declines 

before the AR, and a quadratic term to describe rebound growth rate. Because WHO and 

CDC growth charts are stratified by BMI percentile, they do not represent individual 

children’s growth over time. The growth model under consideration will add to the literature 

by analyzing individual children’s BMI growth and describing average characteristics of 

trajectories in a given sample. Additionally, associations among children’s growth 

parameters and gender differences in these parameters will be evaluated. Using BMI change 

across childhood to predict adolescent CVD risk conceptualizes risk emergence as a process 

unfolding over time.2

In addition to children who experience an early AR, those who are persistently at or above 

the 75th BMI percentile, or who cross upward into higher percentiles, are at heightened risk 

for obesity and metabolic disruptions in adolescence and adulthood.8,9 Thus, there are many 

growth trajectories associated with later health risk.10 However, little is known about 

whether these varying trajectories predict differences in CVD risk.

Although increases in BMI are related to increases in CVD risk,11 BMI does not account for 

body fat distribution, which predicts CVD risk independent from BMI.12 Anthropomorphic 

measurements, specifically waist-hip-ratio (WHR) and skinfold thickness (SKF), indicate 

central adiposity, which is associated with CVD risk above and beyond being overweight.12 

The current study combines anthropomorphic data with BMI and blood pressure (BP) 

measurements, creating a more complete picture of CVD risk than is possible using only 

BMI.

Gender may also play a role in how childhood growth trajectories influence subsequent 

obesity. Some evidence suggests that that girls tend to experience the AR earlier than 

boys,13 particularly in the highest BMI percentiles (≥ 97th).7 Other studies have found 

negligible or nonexistent gender differences in age14,15 and BMI at the AR.16 There are, 
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however, gender differences in CVD risk; boys tend to have higher BP17 and are more likely 

to be overweight throughout adolescence and young adulthood compared to girls.18,19 To 

our knowledge, no studies to date have evaluated whether childhood growth trajectories 

differentially predict CVD risk in adolescent girls versus boys.

The aim of the current study is to use multiple group latent growth curve modeling (LGCM) 

to examine gender differences in the shapes of children’s BMI trajectories from 15 months 

to age 10 ½, and to determine the predictive value of trajectory shape on adolescent boys’ 

versus girls’ CVD risk over and above characteristics of the AR.

Methods

Participants

Participants were enrolled in the NICHD Study of Early Child Care and Youth Development 

(SECCYD), a longitudinal investigation at 10 U.S. research sites beginning in 1991. During 

predetermined 24-hour intervals, all women who gave birth were screened for eligibility. 

Families were excluded if the mother was under 18, planned to move, had a multiple birth, 

acknowledged substance abuse, did not speak English, or lived more than an hour from the 

site; or if the newborn had a disability or was hospitalized for over 7 days. A conditionally 

random sample of 1,525 families was eligible, and 1,364 of these families entered the study 

upon completion of a home interview when infants were one month old. This sample 

consisted of 52% boys, 24% children of color, 45% first-born children, 11% mothers 

without high school diplomas, and 14% single parents. See study website for additional 

recruitment details: https://www.nichd.nih.gov/research/supported/seccyd/Pages/

seccyd.aspx. Each site received Institutional Review Board (IRB) approval for data 

collection, and The University of Texas at Dallas IRB approved these secondary analyses.

Children with height and weight data available at the 15-month assessment were included in 

the current study. This criterion resulted in a subsample of 657 families, with slightly more 

males (57%) than females. Seventy-seven percent of children were Caucasian, 12% were 

African American, 6% were Hispanic, and 5% were of mixed or other ethnicities. The 

sample was economically diverse, with 34.5% low-income (income-to-needs ratios <2), 

42.3% middle-income, and 23.2% high-income families (income-to-needs ratios >5).

Procedure

Families reported demographic information during a home visit when the child was 1 month 

old. At 15, 24, 36, and 54 months, age 7, age 9, and age 10 ½, research assistants measured 

children’s height and weight in the laboratory. At age 15, adolescents completed a health 

and physical development assessment (HPDA).

Measures

Body mass index—Research assistants measured children’s height and weight using a 

scale and a wall-mounted yardstick. Body mass index (BMI, kg/m2) and z-scores were 

calculated using a CDC program.
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Child age and BMI at the AR—Visual inspection method criteria were used to select the 

age (months) and BMI (kg/m2) at each child’s lowest BMI value, with the requirement that 

BMI increased by at least .1 kg/m2 at each subsequent measurement.7,20

Adolescent CVD risk—Waist and hip circumferences were measured by a physician or 

nurse practitioner to the nearest millimeter. WHR was calculated by dividing waist by hip 

circumference, with higher values indicating greater central adiposity.12 Triceps and 

subscapular SKF measurements to the nearest millimeter were summed to comprise total 

SKF, with higher values indicating greater central adiposity.12 Systolic BP (mmHg) to the 

nearest millimeter was taken while seated after two minutes of rest from the non-dominant 

arm. BMI was calculated as described above. Elevated BMI and central body fat (WHR, 

SKF) independently and synergistically contribute to CVD risk,11 and elevated BP is an 

early marker of cardiovascular pathology that tracks into adulthood.21 Because these risk 

factors reinforce one another in their contributions to CVD morbidity and mortality,22 the 

adolescent risk composite was created by standardizing and summing WHR, SKF, systolic 

BP, and BMI (rs=.25–.80, ps<.01).

Results

Analysis Plan

Latent growth curve modeling (LGCM) measures change within individuals on a given 

variable across three or more time points and creates latent variables corresponding to 

growth parameters. Comparisons of model fit indicate which type of growth (e.g., linear vs. 

quadratic) best fits the data. The current study utilizes LCGM to describe children’s BMI 

change from 15 months to age 10 ½. First, we will use the entire sample to establish the 

pattern of change, which we expect to be quadratic based on CDC growth standards.6 

Quadratic growth parameters include an intercept, describing children’s 15-month BMI, a 

slope, describing initial BMI declines before the AR, and a quadratic term, indicating the 

sharpness of rebound BMI growth following the AR.

LGCM computes growth parameters at the individual level, then reports means and 

variances of the intercept, slope, and quadratic term across individuals. Significance values 

for estimated means indicate whether the parameter is significantly different than zero. 

Significance values for estimated variances indicate variability between individuals on the 

growth parameter; significant variance in BMI trajectory parameters would indicate 

significant heterogeneity in the shapes of children’s growth over time.

Multiple group modeling allows one to test whether an observed categorical variable 

moderates the growth model. We will evaluate gender differences by analyzing boys’ and 

girls’ BMI growth curves separately, using chi-square (χ2) difference tests comparing an 

unconstrained model freely estimating boys’ and girls’ growth to a series of constrained 

models with growth parameters set to be equal across gender. Then, we will use intercept, 

slope, and quadratic terms as predictors of boys’ and girls’ adolescent CVD risk. We will 

conceptualize predictor-outcome relations as regressions, reported as standardized 

regression coefficients (β) indicating change in standard deviation (SD) units in the outcome 

that occurs as a result of each SD unit change in the predictor. To determine whether 
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relations between growth parameters and CVD risk are independent of AR age and BMI, we 

will enter these AR covariates in models as correlations with each growth parameter, 

reported as r values. Analyses will account for missing data using full information 

maximum likelihood (FIML) in Mplus 6.11.23

Researchers may use raw BMI values or BMI z-scores to conduct LGCM describing 

children’s growth over time. BMI z-scores are standardized using a nationally representative 

external reference group of same-age, same-sex children,6 and indicate a child’s position 

relative to peers.24 Thus, BMI z-score trajectories indicate how children’s BMI relative to 

peers changes over time. Raw BMI growth trajectories describe children’s BMI change over 

time and have been recommended for use in longitudinal analyses over z-scores.25,26 

Because our research tests gender differences in the shapes of BMI growth, raw values are 

most appropriate for the substantive analyses; BMI z-scores are presented for descriptive 

purposes only (Table 1).

Preliminary Analyses

The current sample is not significantly different from the full SECCYD sample in terms of 

income, t(1271)=.371, p=.71, or child ethnicity, χ2(5)=2.09, p=.837, but children in the 

subsample are more likely to be male than children in the full sample, χ2(1)=16.01, p<.01. 

The retention rate from 15 months to 15 years was 68% in the subsample. Children who 

attrited were not significantly different from children who remained in the study with regard 

to income, t(380.69) = −.14, p = .886, ethnicity, χ2(6)=6.07, p=.415, or gender, χ2(1)=.59, 

p=.441.

Descriptive information and correlations between study variables are included in Tables 1 

and 2. The average AR age was 63.17 months and the average AR BMI was 16.06 kg/m2. 

These values did not significantly differ between genders, tage(416.15)=1.02, p=.309, 

tBMI(330.29)=.18, p=.860. On average, boys had higher CVD risk indices than girls, 

t(474)=3.25, p<.01. Positive BMI z-score means at each age suggest that the current sample 

tends to be higher in BMI (i.e., above the 50th percentile) compared to age and gender 

referenced norms.

Growth Curve Analyses

First, we identified the growth model (linear versus quadratic) for children’s BMI change 

from 15 months through 10 ½ years, using chi-square difference tests to select the best-

fitting model. The first model assumed linear change from 15 months to age 10 ½, fixing 

each time point to decimal values in accordance with time intervals between assessments. 

The second model assumed quadratic change across this time period, and provided a 

significantly better fit to the data than the linear model, χ2
D(8)=1,703.74, p<.01, consistent 

with WHO and CDC growth charts.6 On average, BMI declined from 15 months to 54 

months, followed by a quadratic rebound and subsequent BMI increases.

Next, we used gender as a grouping variable to test whether growth patterns differed for 

boys and girls. Chi-square difference tests revealed that allowing the intercept, 

χ2
D(1)=11.09, p<.01, slope, χ2

D(1)=9.36, p<.01, and quadratic term, χ2
D(1)=5.41, p<.03, to 
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differ for girls and boys resulted in better model fit than constraining them to be equal across 

groups. Figure 1 displays boys’ and girls’ trajectories. Boys had higher 15-month BMIs, 

more rapid declines before the AR, and more rapid quadratic rebounds compared to girls 

(see Table 3). For boys, but not girls, higher 15-month BMI was associated with steeper 

initial BMI declines, and this association was significantly different between genders, 

χ2
D(1)=12.39, p<.01. Boys’ higher 15-month BMI was associated with faster rebound 

growth. The same association was marginal for girls, and was marginally different between 

genders, χ2
D(1)=2.66, p<.10. For both genders, faster initial BMI declines were associated 

with more rapid rebound growth.

BMI Trajectories and Adolescent Cardiovascular Risk

After evaluating the growth pattern and gender differences, we added children’s AR age and 

BMI as covariates, and adolescent CVD risk as an outcome variable predicted by BMI 

growth parameters. We evaluated model fit using the root mean square error of 

approximation (RMSEA), comparative fit index (CFI), and Tucker-Lewis index (TLI). 

Model fit was acceptable, RMSEA=.08, 90% C.I. (.069–.097); CFI=.978; TLI=.961.

Both 15-month BMI and initial BMI declines were unrelated to AR age for boys and girls 

(Table 4). Earlier AR was associated with more rapid quadratic rebounds for boys and girls. 

For both genders, higher 15-month BMI and slower initial declines were related to higher 

AR BMI. BMI at the AR was not associated with quadratic rebound for either gender.

Growth parameters were associated with adolescent CVD risk, controlling for children’s AR 

age and BMI (Table 4). For both genders, higher 15-month BMI, slower declines before the 

AR, and faster quadratic BMI rebounds following the AR predicted higher adolescent CVD 

risk. There were no significant gender differences in these associations. For boys and girls, 

associations between AR age, AR BMI, and adolescent CVD risk were nonsignificant when 

including growth parameters as predictors. Because the inclusion of family income and child 

ethnicity in analyses did not alter findings, these potential confounds were not included.

Discussion

This study evaluated gender differences in childhood growth trajectories, adding to the 

literature by comparing boys’ and girls’ BMI growth patterns. Using BMI growth across 

childhood to predict adolescent CVD risk addresses the reality that disease risk is a 

developmental process with foundations in childhood. Examining adolescent risk is 

particularly important because CVD risk factors have become alarmingly prevalent in U.S. 

adolescents,1 and adolescent CVD risk tracks to adulthood.27 Discovering antecedents to 

adolescent risk can inform interventions that may alter problematic trajectories associated 

with adult chronic disease.

Boys and girls did not differ on AR age or BMI. This contributes to mixed findings 

regarding AR timing, and is consistent with evidence that gender differences may only be 

found in specific cases, such as the highest BMI percentiles7 or low-income samples.28,29 

The current sample contains mostly middle-income Caucasian children, and findings suggest 
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that gender differences in AR timing may not occur in children with these demographic 

characteristics.16

Boys’ BMI trajectories tended to start higher, decline faster, and rebound faster than girls’, 

and boys’ growth parameters were all related. For boys only, higher 15-month BMI was 

associated with faster BMI declines and faster rebounds, suggesting that boys with higher 

15-month BMIs undergo the most intense changes in physical growth during this 

developmental period. This is consistent with CDC and WHO growth charts, which depict 

faster declines and more rapid rebounds for boys in higher BMI percentiles.6 Despite similar 

growth standards for high-percentile girls,6 relationships between girls’ 15-month BMI and 

their BMI declines and rebounds were either nonsignificant or marginal. Thus, while the 

shape of boys’ childhood growth trajectories could be predicted by 15-month BMI, this was 

not the case for girls. It is unclear whether biological (e.g., sex-based hormonal changes) or 

environmental factors account for these differences, but future research should consider 

whether parental attitudes about boys’ and girls’ body sizes or differential feeding practices 

contribute to gender differences in BMI trajectory shapes.

Children with higher 15-month BMIs tended to have higher AR BMIs and higher adolescent 

CVD risk, suggesting that for both genders, higher 15-month BMI increases the likelihood 

of remaining high in BMI throughout childhood. These findings are consistent with the idea 

of the persistence of obesity,30 rather than the notion that CVD risk is highest in individuals 

experiencing rapid catch-up growth following low BMI in infancy.7,31 Because newborns 

hospitalized for over one week were excluded from the SECCYD, these findings may not 

represent catch-up growth in premature or low birth weight children.5

Slower BMI declines were associated with higher AR BMI for both genders; children 

experiencing slower declines likely reach a nadir at a greater BMI value than more rapidly 

declining children. Slower declines were also strongly associated with higher adolescent 

CVD risk for both genders, consistent with evidence of persistence of obesity rather than 

catch-up growth in this sample. The fact that slower BMI declines early in life predicted 

adolescent CVD risk highlights the importance of closely monitoring growth in late infancy 

and toddlerhood; beliefs that children should be chubby during this period and that they will 

outgrow their overweight status likely contribute to a lack of recognition of problematic 

growth.5 Interestingly, sharper quadratic BMI rebounds were not related to higher AR BMI, 

indicating that there may be children in this sample who are not persistently high in BMI, 

but nonetheless experience sharp rebounds along with the associated increases in CVD risk. 

On average, these individuals were younger at the AR, which may have given them more 

time to accumulate adiposity than individuals rebounding later.19

Children’s BMI intercepts, slopes, and quadratic terms predicted adolescent CVD risk over 

and above AR age and BMI. Despite interrelations among growth parameters and AR 

characteristics, neither age nor BMI at AR were associated with adolescent CVD risk when 

growth parameters were included as predictors. This suggests that examining childhood 

growth longitudinally and considering CVD risk as a developmental process unfolding over 

time provide important predictive information for adolescent health risk.
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The current study offers several contributions to the literature. First, the SECCYD contains 

children growing up in the 1990s during the emergence of the childhood obesity epidemic, 

providing an excellent opportunity to examine developmental antecedents of obesity and 

related CVD risk among adolescents. Additionally, this study is among the first to examine 

gender differences in the shapes of BMI growth during the critical period of the AR. Finally, 

the model predicting adolescent CVD risk controls for AR age and BMI, establishing 

childhood growth patterns as important predictors above and beyond the single time point of 

the AR.

Despite these strengths, the present study is not without limitations. First, although 

economically diverse, the sample is predominantly Caucasian; there were not enough ethnic 

minority individuals to make gender by ethnicity comparisons. Because ethnic minority 

individuals are disproportionately affected by obesity and CVD,32 future work should 

investigate gender by ethnicity comparisons of childhood BMI trajectories to inform 

interventions for at-risk populations. However, significant variability in boys’ and girls’ 

growth parameters suggests a variety of BMI trajectories present within this ethnically 

homogeneous sample. Techniques like growth mixture modeling (GMM) allow researchers 

to group children based on trajectory parameters, and use group membership to predict 

subsequent risk.33 Although overall gender differences found in the current study represent 

an important first step, future research should use GMM to determine whether distinct 

trajectory groups exist within genders, and how group membership predicts boys’ versus 

girls’ CVD risk. Second, time spacing between data collection points was inconsistent; 

waves from 15 months to age 10 ½ were between 9 and 30 months apart. Although more 

frequent assessments are ideal for estimating the AR, the benefits of the SECCYD remain, 

including a large, national sample that provided ample power to conduct quadratic growth 

curve analyses.

The present study suggests that childhood growth trajectories provide important information 

for examining the emergence of adolescent CVD risk as a developmental process, as well as 

a predictive utility for informing early interventions to prevent CVD. Overall, findings 

suggest that boys and girls with elevated 15-month BMIs that remain persistently high 

throughout toddlerhood, early childhood, and middle childhood tend to have heightened 

CVD risk in adolescence. Although children’s intercept, slope, and quadratic growth were 

interrelated, each parameter independently predicted adolescent CVD risk, suggesting the 

importance of growth during each developmental period.

Monitoring, charting, and evaluating children’s BMI trajectories before the AR may be 

particularly useful for detecting problematic growth trajectories before children have already 

experienced sharp rebound growth. For example, parents of infants and toddlers might 

consider this a period of watchful waiting, recognizing that genes contribute to children’s 

weight status,34 but that parental feeding decisions (e.g., breast versus bottle, demand versus 

scheduled feeding) impact children’s developing self-regulatory abilities, which may 

ultimately impact weight status.35 Parents of preschoolers and grade-schoolers should 

encourage physical activity and healthy eating behaviors, not necessarily to promote weight 

loss in their children, but to build long-term healthy habits that have the potential to 

ameliorate CVD risk, regardless of children’s weight-related genetic predispositions. 
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Intervening during this critical time period has the potential to prevent the development of 

CVD risk in adolescence, which has implications for reducing the incidence of adult chronic 

illness.36,37
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Implications and Contribution

The current study establishes patterns of BMI growth from 15 months to age 10 ½ as 

important predictors of girls’ and boys’ cardiovascular risk at age 15, over and above the 

timing of and children’s BMI at the adiposity rebound (AR).
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Figure 1. 
Boys’ and Girls’ Body Mass Index Trajectories from 15 months through age 10 ½.
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