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Abstract
The purpose of this study is to identify statistically distinguishable trajectories of childhood body mass index (BMI), an 
important indicator of developmental status of children, and to provide a summary description of demographic characteristics 
of children based on these distinctive trajectories. Using data from the Healthy Communities Study (HCS), a large longitudi-
nal dataset with oversamples of Hispanic and Black children across 130 communities in the USA, a group-based trajectory 
analysis approach was used to estimate trajectories of children based on their BMI-z scores. The three most distinguishable 
BMI trajectory groups identified for the HCS children show no marked increase or decrease in standardized BMI over an 
age range of 2 to 11. Approximately 28.5% of children were in a trajectory group with consistently obese BMI-z scores for 
their sex and age. The patterns of BMI trajectory groups identified for boys and girls are similar, but BMI-z scores for boys 
tend to be slightly higher than those for girls. These BMI trajectories are characterized by racial/ethnic and socioeconomic 
status disparities. Hispanic and Black children were more likely to be in the obese trajectory group than White children. 
Children with parents having less education, or children from low family income level, were more likely to be in the obese 
trajectory group than counterpart children. The findings suggest that BMI disparities exist from the early years of child-
hood and persist across childhood, with higher BMI associated with Black and Hispanic children as well as those from low 
socioeconomic status backgrounds.
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Introduction

Childhood obesity is a major public health concern in 
the USA with 19.3% of children and adolescents aged 
2–19 years being obese in 2017–2018 [1]. It has been a 

consistent concern both before and during the COVID-19 
pandemic [2]. Obesity can affect children’s psychological 
well-being as well as physical health. Children who have 
obesity are also more likely to become adults with obesity 
[3–5]. Adult obesity is associated with increased risk of sev-
eral serious health conditions including heart disease, type 2 
diabetes, and cancer [6, 7]. As such, childhood obesity has 
long-term negative health and quality of life consequences. 
The prevalence of obesity increased in children from the 
early 1960s through the late 2010s and has plateaued at an 
alarmingly high level [1, 8, 9].

Data from the National Health and Nutrition Examination 
Survey (NHANES) in 2017–2018 revealed the prevalence of 
obesity to be higher among children aged 6–11 years (20.3%) 
and adolescents aged 12–19 years (21.2%) compared with 
children aged 2–5 years (13.4%) [1]. The prevalence of 
obesity among non-Hispanic Black (24.2%) and Hispanic 
(25.6%) children and adolescents aged 2 to 19 years was 
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higher than the prevalence among both non-Hispanic White 
(16.1%) and non-Hispanic Asian (8.7%) children and ado-
lescents. In general, boys had a higher obesity prevalence 
(20.5%) than girls (18.0%). But the prevalence by sex var-
ied when it was broken down by race/ethnicity. For boys, 
obesity prevalence was higher for Hispanic boys (28.1%) 
than for non-Hispanic Black boys (19.4%); for girls, it was 
higher for non-Hispanic Black girls (29.1%) than for His-
panic Black girls (23.0%). Obesity prevalence was lower for 
non-Hispanic White boys (17.4%) and non-Hispanic White 
girls (14.8%). Although these results shed light on the racial/
ethnic disparities in obesity prevalence, the results are based 
on an analysis of cross-sectional body mass index (BMI) 
data using a variable-oriented statistical approach. In the 
present study, a person-oriented approach is applied to a rich 
longitudinal data set to estimate distinctive BMI trajectories 
based on the group membership, which contributes to pro-
viding a more comprehensive understanding of childhood 
obesity trajectories and their characteristics.

The relationships between childhood obesity and socio-
economic status are not entirely simple to understand. Based 
on the NHANES data between 2011 and 2014 [10],  obe-
sity prevalence increased in all subgroups examined as head 
of household education decreased. For the income group 
comparison, however, the pattern was complex. Obesity 
prevalence was lower in the highest income group (defined 
as > 350% of federal poverty line) among non-Hispanic 
White girls, Hispanic boys, and Hispanic girls, compared 
with the other income groups. But that was not the case 
among non-Hispanic Black girls, non-Hispanic Black boys, 
or non-Hispanic White boys. That is, the obesity prevalence 
among them was similar regardless of income groups. Sim-
ilarly, other studies [11, 12] using various data sets have 
shown obesity continues to be highly prevalent among 
low socioeconomic status and non-Hispanic/non-White 
racial/ethnic groups, but the patterns seem to vary across 
subgroups.

These data trends from the previous studies are derived 
from aggregating information from cross-sectional data, pro-
viding an important snapshot of how different age groups 
during childhood fare in their BMI distribution in a given 
time period. However, given childhood obesity has long-
term impacts, following the same children longitudinally to 
characterize distinct groups of BMI trajectories is needed 
to provide useful insights as to who is in certain BMI tra-
jectory groups and what characteristics distinguish these 
groups. A better understanding of characteristics related to 
these developmental trajectories during childhood provides a 
fundamental step toward building long-term health interven-
tion programs with the implications of improved life course 
outcomes. Therefore, a person-oriented approach used in the 
present study, in contrast to a variable-oriented approach, 

may prove more useful for identifying effective intervention 
strategies for targeted groups.

Past studies using nationally representative US longi-
tudinal cohort data from the Early Childhood Longitudi-
nal Study (ECLS) have shown racial/ethnic disparities and 
socioeconomic factors in childhood BMI growth curves 
[13–15]. The primary findings are based on two cohorts: 
the ECLS-Birth Cohort and the ECLS-Kindergarten Class 
of 1998–99. The findings showed Hispanic and Black chil-
dren compared to White and Asian children are at risk of 
being overweight or obese. Notably, Hispanic boys and 
Black girls had unfavorably higher BMI and obesity rates, 
compared to their White and Asian counterparts. These 
disparities related to weight status and growth trends are 
characterized by the earliest adiposity rebound1 at around 
age 5 and steeper BMI growth velocity [13]. Low household 
socioeconomic status and household income had significant 
associations with high BMI and obesity. The findings from 
the ECLS data also revealed US children have relatively 
higher mean BMIs than those standards set by the Centers 
for Disease Control and Prevention (CDC) and the World 
Health Organization [13]. In the study using the ECLS-
Birth Cohort, the conclusion was that disparities in chil-
dren’s weight status were already present at 24 months and 
progressed through kindergarten entry [14]. While these 
previous longitudinal studies have provided important infor-
mation on weight status and time/age trends in relation to 
their race/ethnic characteristics and socioeconomic meas-
ures, the studies’ estimates were based on the multilevel 
modelling framework where repeated BMI measures over 
time are nested within each child [17].

It is more informative, however, to group children based 
on their BMI trajectories, then examine and compare their 
characteristics among the trajectory groups. These trajecto-
ries can provide information on (1) how BMI levels change 
throughout childhood and (2) what child-level demographic 
and socioeconomic characteristics are associated with these 
longitudinal trajectories. Such information provides impor-
tant long-term implications because childhood obesity links 
to adulthood obesity and its related health consequences 
[3–5]. A better understanding of the BMI trajectories and 
their associated groups could also inform intervention strate-
gies to mitigate the risks associated with unhealthy weight 
trajectories during childhood, which is of paramount impor-
tance for the prevention or reduction of future chronic dis-
ease burdens.

1 The adiposity rebound is the second rise in adiposity, body fat-
ness, as measured by BMI, which occurs between 5 and 7 years of 
age [16]. Typically, BMI increases during the first year of life, then 
subsequently decreases and reaches a nadir at around 6 years of age.
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The main purpose of this study is to identify distinctive 
group trajectories of childhood BMI, an important indica-
tor of developmental status of children, and to provide a 
summary description of demographic characteristics of chil-
dren based on their BMI trajectories. In contrast to previ-
ous studies, the present study uses a longitudinal childhood 
BMI dataset covering an age range between 2 (when BMI 
measure can be applied) and 11 (when early adolescence 
starts) and a person-oriented approach to estimate distinct 
BMI trajectories based on group membership. Notably, this 
study uses data from the national Healthy Communities 
Study (HCS), which contains a rich sample of US children 
from diverse racial, ethnic, and socioeconomic backgrounds. 
Capitalizing on the rich diversity in the HCS, follow-on uni-
variate and multivariate analyses were conducted on these 
distinctive groups to understand what demographic and soci-
oeconomic characteristics account for their distinctiveness.

Methods

Data

The HCS, implemented from 2013 to 2015, collected con-
temporary and historical data from 5138 children aged 4–15 
and their parent/guardian from 130 study communities 
selected from a probability-based sample of census tracts 
(N = 102) and a certainty sample of communities known to 
have promising programs and policies targeting childhood 
obesity (N = 28). The study goal was to assess relationships 
between children’s BMI, dietary and physical activity behav-
iors, and characteristics of community programs and policies 
(CPPs) targeting childhood obesity [18]. Communities that 
participated in the HCS were diverse with respect to geo-
graphic region (42.3% South, 22.3% West, 20.0% Midwest, 
15.4% Northeast); urbanicity (38.5% urban, 38.5% subur-
ban, 23.1% rural). Although the study was not designed to 
be nationally representative, the sample design included 
an oversample of census tracts with a large proportion of 
non-Hispanic Black (26.2%), Hispanic (32.3%), and low-
income residents (38.5%). Data were collected in a total of 
438 schools: 227 elementary (52%), 53 elementary/middle 
(12%), and 158 middle schools (36%). The study recruited 
from area schools (one to two elementary and one to two 
middle schools per community). In each community, chil-
dren attending the selected schools were given interest forms 
that asked parents/guardians to indicate whether they were 
interested in participating in the study. The information col-
lected from the interest forms was compiled and used as the 
sampling frame for recruiting families. Children who were 
institutionalized or non-ambulatory, or whose families lived 
in the community for less than 1 year, were excluded. Eli-
gible children were recruited following a stratified random 

selection process that maintained maximum balance among 
gender, grade, and race/ethnicity for each community, select-
ing one child per household. Data on 5138 child/parent pairs 
(children aged 4–15) were collected from home visits by 
trained field data collection personnel during 2013–2015. 
The HCS was approved by Battelle’s institutional review 
board. Detailed descriptions of the sample can be found 
elsewhere [18, 19].

Medical Chart BMI Data To develop a longitudinal history 
of BMI via medical record review and current anthropo-
metric assessments (height, weight, BMI), a medical release 
form was signed by a subsample of participant families in 
the study to obtain retrospective BMI data from medical 
record review.

The height, weight, and BMI measurements collected 
from the in-person household visit (n = 3317 children 
with one data point per child) were appended to the data 
abstracted from the medical charts (n = 50,728 data points 
from n = 3317 children; multiple data points per child were 
available for age, weight, and height) resulting in a total of 
54,045 initial data points for 3317 children. Because such 
abstracted, uncleaned longitudinal growth data are subject 
to recording errors or inconsistencies, a series of data clean-
ing steps were performed in the present work to detect and 
correct or remove those problems. The data cleaning steps 
employed in this secondary analysis study build on those 
implemented in prior HCS work [20]. First, records with 
negative ages or missing ages were removed, as well as 
subsequent records that were exact duplicates of a previous 
record. Height data and weight data were then examined 
separately for outliers, respectively. LOESS models and sta-
tistical process control with quantile regression were used 
to obtain fitted values and to identify outliers. Records were 
eliminated for a child if the records were major deviations 
from the series of other records for the child. If nearly all 
values were outliers or were corrected for a child, the child 
was excluded from analysis. Additional data cleaning steps 
were applied to resolve issues including potential data entry 
errors and inconsistent unit conversions (e.g., lb to kg for 
weight), which are common issues found in longitudinal 
chart abstraction. During this robust data quality control 
process, 20,911 data points for height or weight or both were 
dropped due to missing or negative ages, duplicate data, 
missing data, or outliers, resulting in a longitudinal medical 
chart BMI dataset containing a total of 29,817 data points 
for 3220 children. Demographic differences were minimal 
between those who were included in the final longitudinal 
medical chart BMI dataset versus those who were excluded. 
There were no significant differences by sex, family income 
less than $35 K, or maximum parent education; however, 
non-Hispanic White children were more likely to be included 
than non-Hispanic Black and Hispanic children, and those 
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with family income greater than $100 K were more likely to 
be included than those with family income less than $20 K.

For this trajectory analysis, the longitudinal medical chart 
BMI dataset was merged with the data collected from the 
in-person household visit. Age was defined in years. For 
children with more than one BMI for a given age, the median 
BMI value at that age was used. Age range was restricted 
to between 2 and 11 for reliable estimates because a BMI 
z-score is not applicable to children younger than age 2 and 
few cases were available for ages older than 12. Trajectory 
analysis was only applied for children having at least 3 BMI 
records (mean ± SD: 4.9 ± 1.7). The final BMI trajectory 
analysis consisted of 2198 children aged 2–11 with 10,729 
data points. This secondary analysis study was reviewed by 
the University of Michigan Institutional Review Board and 
the Battelle Memorial Institute Institutional Review Board.

Measures

For this descriptive trajectory analysis, major demographic 
measures were included to summarize the characteristics 
of the trajectories identified by the model: sex (boy; girl), 
race/ethnicity (White (non-Hispanic), Black (non-Hispanic), 
Hispanic, other (non-Hispanic), unknown/missing), parent 
education (less than high school, high school/some col-
lege, college, post college), family income (less than $20 K 
through greater than $100 K in 6 categories), and parent 
employment status (not employed, employed full- or part-
time). These demographic variables were created from the 
data collected from home visits by in-person interviews 
between 2013 and 2015.

Obesity is most commonly defined by BMI. As a simple 
measure calculated as weight in kilograms divided by height 
in meters squared (kg/m2), BMI is used to classify obesity 
among adults, and is recommended for use with children 
and adolescents as well. The cutoff criteria for obesity clas-
sification among children are based on the sex-specific BMI-
for-age CDC Growth Charts for the USA in the year 2000. 
Based on recommendations from expert committees, obesity 
in children and adolescents was defined as a BMI greater 
than or equal to the age- and sex-specific 95th percentile 
(equivalent to BMI z-score ≥ 1.645) while overweight [21] 
was defined as a BMI between the 85th and 95th percentiles 
(equivalent to 1.036 < BMI z-score < 1.645) of the 2000 
CDC Growth Charts [21].

Using the HCS data on height and weight, BMI and 
BMI-z scores were calculated from the 2000 CDC Growth 
Charts. Despite its wide use, BMI z-score has been criti-
cized as inaccurate for BMIs of 97th percentile or greater 
[22]. In response to this limitation, an extended BMI-z score 
was proposed [23], which used data that combined children 
with obesity in the CDC Growth Charts and more recent 

NHANES surveys to increase the sample size. Estimation of 
z-scores for very high BMIs was based on actual data from 
children with high BMIs. Because of its construction, the 
extended BMI-z score corresponds with current cutpoints 
for overweight and obesity. Because the HCS children were 
slightly heavier than the national population [9], our analyses 
also used extended BMI-z scores in addition to the standard 
BMI-z scores to provide a robust check of the data analysis.

Data Analysis

A linear trajectory analysis approach [24, 25] was used 
to estimate trajectories of children based on their BMI-z 
scores calculated from the 2000 CDC Growth Charts [21]. 
This semi-parametric group-based modeling approach is 
intended to focus on the development of “person-based” 
approaches to analyzing developmental trajectories [24–26]. 
This approach assumes a mixture of distinct groups defined 
by their developmental trajectories within the target popu-
lation. By identifying groups of individuals with similar 
trajectories, the group-based trajectory method provides a 
valuable tool for summarizing and communicating complex 
patterns in longitudinal data [21]. Stata version 15 was used 
to estimate the models and graphically depict the trajecto-
ries [27]. The dependent variable was BMI-z score. BMI-z 
scores were computed at different ages for each child, rang-
ing from 2 to 11 years of age.

The model included age entered as an independent vari-
able matched at each BMI measure. Missing data was han-
dled using full information maximum likelihood estimation. 
Goodness of model fit was assessed by the Bayesian infor-
mation criterion (BIC). A series of group-based trajectory 
models were evaluated ranging from two to five trajectory 
groups using the complete sample as well as separate mod-
els for girls and boys. This process established the optimal 
number of trajectory groups.

Based on the selected trajectory groups, chi-square 
analyses were used to examine the differences among the 
identified trajectory groups in terms of demographic and 
socioeconomic characteristics. Generalized ordinal logis-
tic regression analyses were also performed to examine the 
combined association of these characteristics on group mem-
bership. Odds ratios (ORs) and 95% confidence intervals 
were estimated.

Results

A three-trajectory model was selected from the linear tra-
jectory analysis using BMI-z scores over the age span of 
2–11. The optimal model was identified on the basis of a 
large BIC statistic and interpretability of the distinctive tra-
jectories [24].



207Journal of Racial and Ethnic Health Disparities (2024) 11:203–215 

1 3

As Fig. 1 shows, each of these BMI-z score trajectories 
is relatively “flat,” without marked increasing or decreas-
ing trends. These three trajectory groups and accompany-
ing fraction of children within each trajectory group were 
designated: (1) Lower (25.9%; n = 569), (2) Mid (45.6%; 
n = 1003), and (3) Upper (28.5%; n = 626). For exam-
ple, children of the Upper group had high BMI-z scores 
throughout their developmental period. The same patterns 
were found for the Mid and Lower groups, which were still 
within the normal BMI-z category. Using the extended 
BMI-z scores, the estimated trajectories were almost iden-
tical (Lower 24.3%, n = 533; Mid 46.0%, n = 1010; Upper 
29.8%, n = 655; figures are not shown). The patterns of three 
distinct trajectories based on the BMI-z scores for boys and 
girls were similar, but the BMI-z levels of the Upper and 
Mid trajectories for boys were slightly higher than for those 

trajectories for girls (Fig. 2). The BMI-z scores of the Upper 
trajectory were slightly higher than 2.00 for boys around 
ages 4–10, whereas they were relatively flat and just below 
2.00 for girls across all ages.

Table 1 summarizes demographic and socioeconomic 
characteristics of children by these three trajectory groups. 
From separate chi-square analyses, the table shows the 
Upper BMI-z group consisted of a higher proportion than 
the expected proportion of Hispanic or Black children; 
children whose parents had less than a college education; 
children whose families had an income less than $35 K (all 
P < 0.001); and children whose parents who were unem-
ployed (P = 0.012). Conversely, the Lower BMI-z group 
had a higher proportion than the expected proportion of 
White children or children of another race; children whose 
parents had a college or post-college education; children 
whose families had an income greater than $100 K (all 
P < 0.001); and children who had at least one parent who 

was employed (P = 0.012). The proportions of boys and 
girls were more or less equal across these trajectory groups 
(P = 0.150), although the proportion of boys in the Upper 
trajectory group was slightly higher than the proportion 
of girls.

Table 2 reports the results, odds ratios (ORs), and 95% 
confidence intervals (CIs) of the ordered logistic regres-
sion analyses using these same characteristics as predictors 
of BMI trajectories, except for parent employment, across 
participants aged 2–11. Parent employment was dropped 
because it was not a statistically significant predictor in the 
model (P = 0.573 using BMI-z score) and because it had 
missing values on about 13% of children. The estimates 
compared results from these four separate models using 
the following independent variables: (1) BMI-z scores;  

Fig. 1  Estimated trajectories (solid lines with 95% confidence inter-
vals) for all children (boys and girls), observed group means at each 
age (dot symbols), and estimated group percentages. CDC weight sta-
tus categories are marked on the right axis

Fig. 2  Estimated trajectories (solid lines with 95% confidence intervals) for boys and girls, observed group means at each age (dot symbols), and 
estimated group percentages. CDC weight status categories are marked on the right axis
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Table 1  Demographic  characteristicsa of children by three body mass index (BMI) trajectory groups (Lower, Mid, Upper)

All children (boys and girls)b

Variables Overall (n = 2198) Lower (n = 569) Mid (n = 1003) Upper (n = 626) χ2 (P value)
  Group membership (%) 100.0 25.9 45.6 28.5 N/A
  Sex (%)
    Boys 49.2

(n = 1,081)
46.8
(n = 266)

48.7
(n = 488)

52.2
(n = 327)

3.8 (P = 0.150)

    Girls 50.8
(n = 1,117)

53.3
(n = 303)

51.4
(n = 515)

47.8
(n = 299)

  Race/ethnicity (%)
    White (non-Hispanic) 32.4

(n = 711)
40.3
(n = 229)

36.9
(n = 370)

17.9
(n = 112)

112.1 (P < 0.001)

    Black (non-Hispanic) 14.7
(n = 322)

13.2
(n = 75)

13.8
(n = 138)

17.4
(n = 109)

    Hispanic 42.8
(n = 941)

33.2
(n = 189)

39.8
(n = 399)

56.4
(n = 353)

    Other (non-Hispanic) 7.4
(n = 162)

9.8
(n = 56)

6.9
(n = 69)

5.9
(n = 37)

    Unknown/missing 2.8
(n = 62)

3.5
(n = 20)

2.7
(n = 27)

2.4
(n = 15)

  Parent education (%)
    Less than high school 22.8

(n = 488)
14.4
(n = 80)

21.9
(n = 215)

31.6
(n = 193)

92.6 (P < 0.001)

    High school/some college 30.7
(n = 659)

28.9
(n = 160)

28.7
(n = 281)

35.7
(n = 218)

    College 27.9
(n = 597)

31.4
(n = 174)

29.2
(n = 286)

22.5
(n = 137)

    Post college 18.7
(n = 400)

25.3
(n = 140)

20.2
(n = 198)

10.2
(n = 62)

  Family income (%)
    Less than $20 K 24.7

(n = 515)
21.8
(n = 117)

22.0
(n = 210)

31.7
(n = 188)

100.1 (P < 0.001)

    $20 K–$35 K 23.1
(n = 481)

17.4
(n = 93)

22.1
(n = 211)

29.8
(n = 177)

    $35 K–$50 K 12.8
(n = 267)

10.8
(n = 58)

12.9
(n = 123)

14.5
(n = 86)

    $50 K–$75 K 10.1
(n = 211)

11.4
(n = 61

10.6
(n = 101)

8.3
(n = 49)

    $75 K–$100 K 8.4
(n = 175)

9.7
(n = 52)

9.6
(n = 92)

5.2
(n = 31)

    Greater than $100 K 20.9
(n = 435)

28.9
(n = 155)

22.8
(n = 217)

10.6
(n = 63)

  Parent employment (%)
    Not employed 19.7

(n = 375)
15.9
(n = 80)

19.6
(n = 170)

23.3
(n = 125)

8.8 (P = 0.012)

    Employed 80.3
(n = 1,530)

84.1
(n = 422)

80.4
(n = 696)

76.7
(n = 412)

Boysc

Variables Overall (n = 1081) Lower (n = 290) Mid (n = 497) Upper (n = 294) χ2 (P value)
  Group membership (%) 100.0 26.8 46.0 27.2 N/A

  Race/ethnicity (%)
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Table 1  (continued)

    White (non-Hispanic) 34.3
(n = 371)

44.8
(n = 130)

37.4
(n = 186)

18.7
(n = 55)

57.9 (P < 0.001)

    Black (non-Hispanic) 14.3
(n = 154)

12.8
(n = 37)

13.7
(n = 68)

16.7
(n = 49)

    Hispanic 42.1
(n = 455)

31.0
(n = 90)

40.4
(n = 201)

55.8
(n = 164)

    Other (non-Hispanic) 6.8
(n = 73)

7.6
(n = 22)

6.2
(n = 31)

6.8
(n = 20)

    Unknown/missing 2.6
(n = 28)

3.8
(n = 11)

2.2
(n = 11)

2.0
(n = 6)

  Parent education (%)
    Less than high school 22.4

(n = 235)
11.8
(n = 33)

24.1
(n = 116)

30.1
(n = 86)

50.2 (P < 0.001)

    High school/some college 29.3
(n = 307)

28.6
(n = 80)

26.1
(n = 126)

35.3
(n = 101)

    College 28.4
(n = 298)

33.2
(n = 93)

28.4
(n = 137)

23.8
(n = 68)

    Post college 19.9
(n = 208)

26.4
(n = 74)

21.4
(n = 103)

10.8
(n = 31)

  Family income (%)
    Less than $20 K 22.6

(n = 233)
20.3
(n = 56)

22.1
(n = 105)

25.9
(n = 72)

46.3 (P < 0.001)

    $20 K–$35 K 21.9
(n = 225)

17.4
(n = 48)

19.8
(n = 94)

29.9
(n = 83)

    $35 K–$50 K 14.5
(n = 149)

12.7
(n = 35)

13.5
(n = 64)

18.0
(n = 50)

    $50 K–$75 K 10.4
(n = 107)

10.5
(n = 29)

10.7
(n = 51)

9.7
(n = 27)

    $75 K–$100 K 8.4
(n = 86)

8.7
(n = 24)

9.5
(n = 45)

6.1
(n = 17)

    Greater than $100 K 22.3
(n = 229)

30.4
(n = 84)

24.4
(n = 116)

10.4
(n = 29)

  Parent employment (%)
    Not employed 18.9

(n = 178)
14.8
(n = 37)

19.1
(n = 82)

22.6
(n = 59)

5.8 (P = 0.079)

    Employed 81.1
(n = 763)

85.2
(n = 213)

80.9
(n = 348)

77.4
(n = 202)

Girlsd

Variables Overall (n = 1117) Lower (n = 287) Mid (n = 506) Upper (n = 324) χ2 (P value)
  Group membership (%) 100.0 25.7 45.3 29.0
  Race/ethnicity (%)
    White (non-Hispanic) 30.4

(n = 340)
36.9
(n = 106)

34.6
(n = 175)

18.2
(n = 59)

55.1 (P < 0.001)

    Black (non-Hispanic) 15.0
(n = 168)

12.9
(n = 37)

14.2
(n = 72)

18.2
(n = 59)

     Hispanic 43.5
(n = 486)

34.5
(n = 99)

40.5
(n = 205)

56.2
(n = 182)

    Other (non-Hispanic) 8.0
(n = 89)

11.9
(n = 34)

7.9
(n = 40c)

4.6
(n = 15)

    Unknown/missing 3.0
(n = 34)

3.8
(n = 11)

2.8
(n = 14)

2.8
(n = 9)
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(2) extended BMI-z scores for combined boys and girls; 
(3) BMI-z scores for boys; and (4) BMI-z scores for girls. 
One of the assumptions for ordered logistic regression, the 
proportional odds/parallel-lines assumption, is that the rela-
tionship between each pair of outcome groups (i.e., Upper 
trajectory vs. Mid/Lower trajectories and Lower trajectory 
vs. Mid/Upper trajectories) is the same. This assumption was 
not always met in our data. For example, when the model 
was fit using the data for all children combining boys and 
girls, three categories of race/ethnicity, and one category of 
parent education the model did not meet the assumption. In 
that case, generalized ordered logistic regression was used, 
which relaxes the assumption only on those predictors that 
did not pass the assumption test, allowing estimation of dif-
ferent ORs for group comparisons [28, 29]. Because the 
assumptions were met in most predictor variables across 
the four models, and because ORs for the predictors that 

met the proportional odds assumptions are the same between 
the two sets of group comparisons (i.e., Upper trajectory vs. 
Mid/Lower trajectories and Lower trajectory vs. Mid/Upper 
trajectories), Table 2 presents the results only for Upper tra-
jectory vs. Mid/Lower trajectories comparisons. The overall 
conclusion of the analyses was consistent, however, regard-
less of the model employed.

The first part of the estimated ORs in Table 2 reports 
model 1 results using BMI-z scores for all children. For 
racial/ethnicity characteristics, the proportional ORs of 
comparing each racial/ethnic group to non-Hispanic White 
children (reference group) on the trajectory membership 
are reported, given other variables in the model held con-
stant. For non-Hispanic Black children, the odds of being 
in the Upper trajectory versus the Mid/Lower trajectory 
were 2.04 times higher than for non-Hispanic White chil-
dren (P < 0.001), holding the other variables constant. For 

Table 1  (continued)

  Parent education (%)
    Less than high school 23.1

(n = 253)
16.0
(n = 45)

20.4
(n = 102)

33.5
(n = 106)

50.7 (P < 0.001)

    High school/some college 32.1
(n = 352)

28.1
(n = 79)

32.7
(n = 163)

34.8
(n = 110)

    College 27.3
(n = 299)

31.0
(n = 87)

28.3
(n = 141)

22.5
(n = 71)

    Post college 17.5
(n = 192)

24.9
(n = 70)

18.6
(n = 93)

9.2
(n = 29)

  Family income (%)
    Less than $20 K 26.7

(n = 282)
23.3
(n = 62)

23.6
(n = 114)

34.8
(n = 106)

65.6 (P < 0.001)

    $20 K–$35 K 24.3
(n = 256)

15.8
(n = 42)

24.6
(n = 119)

31.2
(n = 95)

    $35 K–$50 K 11.2
(n = 118)

9.0
(n = 24)

11.6
(n = 56)

12.5
(n = 38)

    $50 K–$75 K 9.9
(n = 104)

11.7
(n = 31)

10.7
(n = 52)

6.9
(n = 21)

    $75 K–$100 K 8.4
(n = 89)

10.5
(n = 28)

9.9
(n = 48)

4.3
(n = 13)

    Greater than $100 K 19.5
(n = 206)

29.7
(n = 79)

19.6
(n = 95)

10.5
(n = 32)

  Parent employment (%)
    Not employed 20.4

(n = 197)
17.2
(n = 44)

20.5
(n = 90)

23.4
(n = 63)

3.1 (P = 0.208)

    Employed 79.6
(n = 767)

82.8
(n = 212)

79.5
(n = 349)

76.6
(n = 206)

Percentages may not add up to 100% due to rounding. The numbers in bold indicate that the observed frequency is significantly different from 
the expected frequency at the significance level of at least 0.05 by chi-square adjusted residual analysis
N/A not applicable
a Demographic variables are based on the data collected during the in-person interview between 2013–2015
b The number of children (boys and girls) with missing values in parent education, family income, and parent employment were 54, 114, and 293, 
respectively
c The number of boys with missing values in parent education, family income, and parent employment were 33, 52, and 140, respectively
d The number of girls with missing values in parent education, family income, and parent employment were 21, 62, and 153, respectively
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Hispanic children, the odds of being in the Upper trajectory 
versus the Mid/Lower trajectory were 2.16 times higher than 
for non-Hispanic White children (P < 0.001), holding other 
variables constant. For children in the non-Hispanic Other 
racial category, the odds were 1.64 times higher than for 
non-Hispanic White children (P = 0.026). In terms of par-
ent’s education, for children whose parents had a college 
or post-college education, the odds of being in the Upper 
trajectory versus the Mid/Lower trajectory were 0.69 times 
(P = 0.010) and 0.64 times lower (P = 0.014), respectively, 
than for children whose parents had less than a high school 
education (reference group), holding other variables con-
stant. For children whose family income level was greater 
than $100 K, compared to those whose family income was 
less than $20 K (reference group), the odds were signifi-
cantly lower (OR = 0.64, P = 0.008). The odds of being in 
the Upper trajectory versus the Mid/Lower trajectory were 
0.84 times lower for girls than for boys (P = 0.032), holding 
the other variables constant.

Because the HCS children were slightly heavier than the 
national population [9], trajectories were also estimated 

using the extended BMI-z in model 2. Results from both 
the regular and extended measures were very similar, and 
only 71 children changed their trajectory group membership 
in the extended BMI-z analysis compared to the standard 
BMI-z analysis. The results of the ordered logistic regres-
sion based on the extended BMI-z were similar to the results 
based on the standard BMI-z, but the odds associated race/
ethnicity categories were slightly lower for the extended 
BMI-z than the odds associated race/ethnicity categories 
for the standard BMI-z as reported in Table 2. The odd ratio 
of being in the Upper trajectory versus the Mid/Lower tra-
jectory for Other racial category compared to non-Hispanic 
White children was not statistically significant.

Additional analyses were conducted separately for boys 
and girls in model 3 and model 4 to determine whether there 
were any notably different patterns between boys and girls in 
terms of demographic and socioeconomic status associations 
with the trajectories. The results show that although racial/
ethnic characteristics were statistically significantly associ-
ated with trajectories for both boys and girls, the degree of 
association was lower for girls, with statistical significance 

Table 2  Odds ratios (ORs) and 95% confidence intervals (CIs) from generalized ordered logistic regression results showing relationships of 
demographic and socioeconomic characteristics on Upper trajectory vs. Mid/Lower trajectories

(1) Model 1 using BMI-z 
for all children (n = 2057)

(2) Model 2 using 
Extended BMI-z for all 
children (n = 2057)

(3) Model 3 using BMI-z 
for boys (n = 1014)

(4) Model 4 using BMI-z 
for girls (n = 1043)

Predictors OR 95% CI P value OR 95% CI P value OR 95% CI P value OR 95% CI P value

Race/ethnicity
    White (non-Hispanic) (ref) 1.00 – – 1.00 – – 1.00 – – 1.00 – –
    Black (non-Hispanic) 2.04 1.45–2.86  < 0.001 1.52 1.14–2.03 0.005 1.70 1.13–2.55 0.011 1.32 0.88–1.97 0.185
    Hispanic 2.16 1.64–2.86  < 0.001 1.85 1.43–2.39  < 0.001 1.80 1.30–2.50  < 0.001 1.41 1.01–1.97 0.046
    Other (non-Hispanic) 1.64 1.06–2.53 0.026 1.22 0.87–1.73 0.251 1.47 0.88–2.46 0.141 0.89 0.56–1.41 0.624
    Unknown/missing 0.83 0.43–1.64 0.599 0.84 0.44–1.61 0.598 0.56 0.16–1.98 0.368 0.74 0.34–1.63 0.459

Parent education
    Less than high school (ref) 1.00 – – 1.00  – – 1.00 – – 1.00 – –
    High school/some college 0.86 0.67–1.11 0.257 0.84 0.65–1.08 0.173 0.92 0.63–1.33 0.644 0.70 0.50–0.98 0.037
    College 0.69 0.52–0.92 0.010 0.68 0.52–0.91 0.008 0.60 0.40–0.90 0.013 0.72 0.48–1.07 0.100
    Post college 0.64 0.45–0.91 0.014 0.64 0.45–0.91 0.014 0.56 0.34–0.93 0.024 0.67 0.40–1.11 0.121

Family income
    Less than $20 K (ref) 1.00 – – 1.00 – – 1.00 – – 1.00 – –
    $20 K-$35 K 1.11 0.87–1.40 0.408 1.09 0.86–1.38 0.475 1.31 0.93–1.86 0.127 1.13 0.82–1.57 0.454
    $35 K-$50 K 0.96 0.72–1.27 0.759 0.99 0.74–1.32 0.943 1.23 0.83–1.83 0.303 0.9 0.59–1.36 0.617
    $50 K-$75 K 0.83 0.59–1.15 0.262 0.85 0.61–1.18 0.326 1.29 0.79–2.09 0.306 0.63 0.39–1.00 0.050
    $75 K-$100 K 0.81 0.56–1.18 0.281 0.83 0.57–1.20 0.322 1.25 0.74–2.13 0.402 0.59 0.35–1.00 0.051
    Greater than $100 K 0.64 0.46–0.89 0.008 0.63 0.46–0.88 0.007 0.83 0.52–1.32 0.430 0.52 0.33–0.83 0.006

Sex
    Boy (ref) 1.00 – – 1.00 – – – – – – – –
    Girl 0.84 0.71–0.98 0.032 0.81 0.68–0.95 0.010 – – – – – –

ORs reported here is to compare Lower & Mid trajectories vs. Upper trajectory
N/A, not applicable
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not always observed. For boys, the odds of being in the Upper 
trajectory versus the Mid/Lower trajectory were higher for 
non-Hispanic Black or Hispanic boys than for non-Hispanic 
White boys (ORs = 1.70 and 1.80, P = 0.011 and P < 0.001, 
respectively). For girls, however, the odds of being in the 
Upper trajectory versus the Mid/Lower trajectory were higher 
only for Hispanic girls than for non-Hispanic White girls 
(OR = 1.41, P = 0.046). For boys with parent education of 
college or post-college, compared to boys with parent edu-
cation less than high school education, the odds of being 
in the Upper trajectory were significantly lower (OR = 0.60, 
P = 0.013 and 0.56, P = 0.024, respectively). But for girls, the 
odds of being in the Upper trajectory were significantly lower 
for girls with parents who had an education of high school or 
some college than for girls with parents who had less than a 
high school education (OR = 0.70, P = 0.037). For the family 
income factor, the odds of being in the Upper trajectory were 
significantly lower (OR = 0.52, P = 0.006) for girls from the 
highest family income level compared to girls from the lowest 
family income level. No statistically significant association 
was found with family income for boys.

Discussion

Using longitudinal data collected from early childhood 
through the beginning of adolescence, the goal of the pre-
sent study was to characterize distinctive childhood BMI 
trajectories and to describe how the trajectories are charac-
terized by their race/ethnicity and socioeconomic factors. 
This study provides insights into subgroups that are mean-
ingfully distinctive in their BMI trajectories and the related 
characteristics that persist throughout the critical period of 
development and may subsequently determine children’s 
healthy or unhealthy weight paths. This person-based 
approach is useful in identifying distinctive subgroups and 
understanding factors accounting for their distinctiveness. 
Such information may provide a basis for developing more 
targeted intervention programs and for testing the effects of 
the targeted programs.

Previous longitudinal studies [13–15] based on growth 
curve analyses found similar patterns of racial/ethnic dis-
parities in children’s development of obesity starting in early 
ages. Those studies estimated BMI trajectories by racial/
ethnic groups. Our analyses, however, identified groups of 
children who shared distinctive developmental trajectories 
for BMI-z. Follow-on analyses then revealed who these chil-
dren were in terms of their characteristics. This person-based 
approach provides information about (a) distinctive trajecto-
ries (obese or normal) and (b) characteristics of group mem-
bership. Therefore, while similar trajectory patterns and con-
clusions can be drawn from the results obtained using two 
different approaches, i.e., variable-based and person-based 

approaches, the present study provides additional informa-
tion to form a more comprehensive picture of BMI trajecto-
ries in childhood. Based on the person-based approach, our 
key findings can be summarized in the following manner: (a) 
one of the BMI trajectories remained in the obese category 
group consistently from early childhood through the begin-
ning of adolescence, and (b) children in the obese trajectory 
group were characterized by racial/ethnic and low socio-
economic status backgrounds. These findings help identify 
target populations for intervention strategies.

Notably, the BMI trajectories identified in this study do 
not markedly increase or decrease over age. The trajectories 
include groups of children who stayed in the obese category, 
and who stayed in two normal categories between ages 2 
and 11. Taken collectively, the HCS children maintained 
their BMI trajectory group membership from early child-
hood through the beginning of adolescence. Alarmingly, 
the Upper trajectory group fell in the obese category and 
was consistently high without any markedly increasing or 
decreasing trend. The Upper trajectory did not cross or over-
lap with the Mid or Lower trajectories. Even more concern-
ing, this study found membership in the Upper trajectory 
was highest among low-socioeconomic status and non-
Hispanic Black and Hispanic children. This means that the 
unhealthy BMI status of HCS children was established at an 
early age, continued in that unhealthy BMI category across 
childhood, and was characterized by racial/ethnic disparities 
and low socioeconomic status backgrounds.

Previous studies using longitudinal data estimating 
growth curves also concluded that racial/ethnic disparities 
in US children’s weight status and growth curves emerge at 
different ages for different racial groups, and the disparities 
are generally well established by kindergarten age [13–15]. 
In particular, a study by Isong and colleagues using the 
ECLS-Birth Cohort from age 9 months through kindergar-
ten age concluded that disparities in children’s weight status 
were already present at 24 months and progressed through 
kindergarten entry [14]. Specifically, their findings showed 
that mean BMI z-scores for Hispanic boys at 24 months and 
for Black girls at 36 months were significantly higher than 
their White counterparts, and those trends continued. Their 
findings provided valuable insights into obesity trends for 
particular racial/ethnic subgroups by boys and girls.

Our findings provide a comprehensive picture of child-
hood BMI trajectories based on group membership. The 
Upper, obese, trajectory group included not just Hispanic 
(56.4%) and Black (17.4%) children, but also White chil-
dren (17.9%) and children of “Other” racial group (5.9%). 
The Upper trajectory group was mostly characterized by low 
socioeconomic status. This means that although significant 
proportions of Hispanic and Black children are at risk of 
having a distinct obesity trajectory from early age through 
early adolescence, a non-insignificant proportion of White 
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children are at risk as well. They are likely from low socio-
economic status backgrounds. An additional analysis was 
conducted to show that disproportionately higher fractions 
of White children in the Upper obese trajectory group were 
from lower levels of parent education and family income 
(results not shown). As such, the value of our approach and 
findings is that both are “group-person” focused, which may 
be more informative in identifying targeted children groups 
based on their trajectories and in distinguishing them with 
their specific subgroup characteristics.

Additionally, the present study used longitudinal data cov-
ering ages 2 through 11, which revealed that while HCS chil-
dren developed their obese BMI trajectory as early as ages 
2–3, the trajectories of HCS children continued through early 
adolescence, maintaining similar levels of BMI z-scores. 
While previous studies using ECLS cohorts were also longi-
tudinal data, theirs included data from two different cohorts: 
ECLS-Birth Cohort which include children ages 9 months 
through kindergarten or ECLS-Kindergarten which included 
children from kindergarten to middle school [13–15].

Therefore, the findings from the present study, which 
are based on the rich longitudinal data from HCS using a 
person-oriented approach, not only provide an important 
confirmation of the evidence of early emergence as well as 
persistence of a BMI disparity throughout early adolescence, 
but also provide a comprehensive understanding toward a 
targeted obesity prevention strategy. Future studies that help 
identify distinct groups of BMI pathways throughout the 
life course would be informative to understand who remains 
obese throughout their adulthood, and who and when, if 
applicable, becomes obese later in their life.

Note that the use of extended BMI-z scores did not change 
the conclusions in the present study. Although the HCS chil-
dren were slightly heavier than the national population [1], 
the extended measure incorporating more recent NHANES 
surveys to increase the sample size did not influence our results 
significantly. An additional analysis was conducted to examine 
the extent of the changes in the BMI-z scores compared to the 
extended BMI-z scores. About 34% of children (754 from 2198 
children) had changes in at least one BMI-z score value when 
comparing standard BMI-z score values to extended BMI-z 
scores values, but only 71 children from the data changed their 
trajectory group membership in the extended BMI-z analysis 
as compared to the standard BMI-z analysis.

Previous research has reported childhood obesity pre-
dicts obesity in adulthood [3–5], and thus there are long-
term, potentially life-long health implications, particularly 
for the children of the Upper trajectory group with the high 
BMI-z scores. Since obesity disparities are associated with 
multiple factors, from biological, social, psychological, 
and behavioral, to geographic and social-environmental, it 
may also mean intervention strategies for healthy weight 
need to be multi-faceted and start as early as possible. 

Application of a life course approach [30] to the findings 
yields a combined view of the critical-period model and 
the accumulation-of-risk model. Such an approach could 
target a range of specific factors such as physical growth, 
social mobility, physical environment, and behavior changes 
with the emphasis on the timing of risk exposure. Our find-
ings support the observation that developmental trajecto-
ries of children’s BMI start early and do not change course 
significantly. Because the current study is mainly descrip-
tive using a limited number of demographic and socio-
economic characteristics, investigation of other potential 
factors underlying the complex mechanism lies beyond the 
scope of the current study goal. However, the information 
about these trajectories can identify subgroups that share 
these particular characteristics (e.g., non-Hispanic Black 
and Hispanic boys, children whose parents have less than 
college education), which could be useful in developing 
more targeted intervention programs. It may be that inter-
ventions that introduce protective factors at a very early age 
could help alleviate obesity risk in children, as well as help 
alleviate risk factors accumulating throughout childhood. 
Future research can expand to incorporate more extensive 
personal or environmental risk and protective factors that 
may further delineate their BMI trajectories.

Two important limitations of the present work are noted. 
First, the presented results might be limited in their gener-
alizability to the national population due to the sampling 
design being based on the community characteristics and 
the inclusion of higher proportions of Hispanic children in 
the HCS. This does not, however, change the interpretation 
of the findings that children maintained their BMI trajec-
tory group membership from early childhood through the 
beginning of adolescence. Second, although BMI was based 
on objective measurements, reporting errors may have been 
present such as confounding units of measure. This is not 
an uncommon problem in longitudinal BMI datasets. In the 
present work, a series of established steps were undertaken 
to ensure a robust longitudinal data set.

Overall, these results provide insights into childhood 
obesity trends that point to pathways determined early in 
life. The three most distinguishable trajectory groups iden-
tified for the HCS children showed no marked increase or 
decrease in standardized BMI over an age range of 2 to 11. 
One of the trajectory groups consisted of nearly 30% of 
children whose BMI-z scores were categorized as obese. 
While the patterns of BMI trajectory groups identified for 
boys and girls were similar, BMI-z scores for boys tended 
to be slightly higher than for girls. These BMI trajectories 
were characterized by racial/ethnic and socioeconomic sta-
tus disparities. The findings suggest that BMI disparities 
exist from the early years of childhood and persist across 
childhood, with higher BMI associated with non-Hispanic 
Black and Hispanic children and those who are from low 
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socioeconomic status backgrounds. Study findings under-
score the importance of longitudinal data of BMI history. 
Findings also highlight the importance of investigating the 
role of specific risk and protective factors at early ages so 
as to further understand, strategize, and implement policies 
that can impact the health of children over their life course. 
Future studies involving sub-populations of increasing or 
decreasing BMI trajectories might provide information on 
potential differences in risk and protective factors to inform 
intervention programs.
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