Development of general and central obesity from childhood into
early adulthood in African American and European American males

and females with a family history of cardiovascular disease
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ABSTRACT

Background: Obesity is associated with multiple health problems,
often originating in childhood.

Objective: The objective was to investigate differences in the de-
velopment of adiposity from childhood to adulthood as related to
race, sex, and socioeconomic status (SES).

Design: Individual growth curve modeling for waist circumference,
body massindex, and sum of skinfold thicknesses (tri ceps, subscap-
ular, and suprailiac) was performed in an 11-y cohort study of 622
African Americans and European Americans aged 4.2-27.5y. We
examined the development of adiposity in 2 ways: 1) differences
related torace, sex, and parents' education (SES), and 2) differences
between obese, overweight, and normal-wei ght personsat theend of
their childhood (> 17y of age).

Results: Thesum of skinfoldthicknesseswasgreater infemalesthan
inmales, with alarger increasewith age. Race, sex, and SES showed
a complex relation with body mass index and the sum of skinfold
thicknesses. The low-SES group showed the fastest increase in waist
circumference with age. The obese group showed the most rapid in-
creaseinthe3measuresof adiposity. Growth curvesfor theobesegroup
were distinguishable from those for the normal-weight persons at an
earlier agefor African Americansthan for European Americans.
Conclusions: The development rate of adiposity from childhood
into early adulthood is influenced by sex and SES but not by race.
However, race, sex, and SES had joint effects on adiposity levels.
The development of obesity can begin to be distinguished in mid-
childhood, but the age at which this distinction becomes apparent
depends on race. Am J Clin Nutr 2004;79:661-8.

KEY WORDS Body massindex, sum of skinfold thicknesses,
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INTRODUCTION

The prevalence rates of obesity in both adults and childrenin
the United States have significantly increased over the past de-
cade and continueto increase (1), particularly among minorities
such as black Americans (2). Obesity is associated with compli-
cations such as dydlipidemia, hypertension, and insulin resis-
tance and is an important risk factor for cardiovascular disease
(CVD), type 2 diabetes, and cancer (3-5). Because obesity in
childhood is a major risk factor for adult obesity (6), greater
insight into the development of adiposity from childhood into
adulthood in different demographic groups and early identifica-
tion of children at risk would be beneficial to prevention efforts.

A limited number of pediatric longitudinal studies on the de-
velopment of obesity have been performed (7-13), and only a
few of these studies have evaluated race and sex effects. More-
over, only one of these longitudinal studies explored the devel-
opment of measures of both general and central adiposity (11).
Studies from the early 1980s (14, 15) observed that central obe-
sity wasmore strongly associated with cardiovascular morbidity
and mortality than was general obesity, and later studies identi-
fied visceral adipose tissue as the culprit (16).

In addition to race and sex, the prevalence of obesity also
varieswith socioeconomic status (SES), although thisrelationis
complex and poorly understood (17, 18). Only 2 studies ad-
dressed the effect of SES on the development of obesity from
childhood into early adulthood and showed that youth with a
lower SES had the largest increase in body massindex (BMI; in
kg/m?) 6 or 7y later (13, 18).

Tothebest of our knowledge, thisisthefirst longitudinal study
to report the development of both general and central adiposity
from childhood to early adulthood withinthe context of race, sex,
and SES. We approached thisissue from 2 different angles. We
tested whether the devel opment from childhood into early adult-
hood of BMI and sum of skinfold thicknesses as measures of
general adiposity and of waist circumference as a measure of
central adiposity wereinfluenced by race, sex, and SES. Wea so
investigated what distinguished the development of general and
central adiposity between obese (BMI = 30), overweight (BMI
= 25.0—-29.9), or normal-weight (BMI < 25.0) subjects at the
end of their childhood (> 17 y). To this end, we used growth
curve modeling, which is particularly suited for the analysis of
longitudinal data (19), to explore interindividual differencesin
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the development of general and central obesity over timein a
sample of 622 European American (EA) and African American
(AA) males and females aged 4.2-27.5y.

SUBJECTS AND METHODS

Subjects

A total of 748 subjects (166 AA males, 186 AA females, 205
EA males, and 191 EA females) participated in this study. The
subjectswere participantsin an ongoing longitudinal study of the
development of CVD risk factors in which annual evaluations
were conducted from 1987 to 1998 (20—22).

Participants had a verified positive family history of CVD,
including essential hypertension, premature myocardia infarc-
tion (< 55y of age), or both in one or both biological parents or
in one or more grandparents (20). A family history of CVD was
verified by the subjects’ physician or medical records. On the
baseline evaluation, the subjects were normotensive for age and
sex and were apparently healthy on the basisof parental report of
thechild smedical history. ThesubjectswereclassifiedasAA or
EA according to the criteriadescribed previously (20). Informed
consent was obtained from one of the parents and from the chil-
dreninaccordancewith proceduresapproved by the Institutional
Review Board at the Medical College of Georgia.

Recruitment and evaluation of subjects began in 1987 and is
described elsewhere (23, 24). The annualized attrition rate has
been < 4%ly, which has been primarily due to some of the
subjectsmoving out of theregion. Therehavebeen no significant
differencesinage, race, or sex distributionsbetween thedropouts
and the subjects that remained in the study.

Anthropometric measures

Anthropometric evaluations were conducted at each annual
laboratory visit over an 11-y period. Height was measured to the
nearest 0.1 cm while the subjects were shoel ess and weight was
measured to the nearest 0.1 kg while the subjects were wearing
shorts and a shirt with amedical scale that was calibrated daily.
Skinfold thicknesses (ie, triceps, subscapular, and suprailiac)
were measured on the right side of the body with Lange calipers
according to established protocols (25). Three sets of readings
were recorded and averaged. Waist circumference (in cm) was
measured twiceat the center of theumbilicusand thevalueswere
averaged. From these primary measures, BMI (wt/ht?) and the
sum of 3 skinfold thicknesses were calculated as measures of
general adiposity. Waist circumference was used as the measure
of central adiposity (26).

Socioeconomic status

SESwasrepresented by parental education level, ie, themoth-
er's or father's education level, because these measures re-
mained highly stable across the years of the study. Thus, the
parental education level at the midpoint of the study was consid-
ered representative of the entire study period. Parental education
level was measured in years on a 7-point scale that ranged from
less than high school to postgraduate education and was subse-
quently divided into 3 categories: low (< 12y), medium (= 12
and < 16y), and high (= 16 ).

Statistical analyses

The aims of our study were twofold: 1) to test whether the
development of general and central adiposity from childhood

into early adulthood isinfluenced by race, sex, and SES; and 2)
toinvestigatethe development of general and central adiposity in
personswho were obese (BMI = 30), overweight (BMI = 25.0—
29.9), or of normal weight (BMI < 25.0) after age 17y, at which
agethe prediction of adult overweight isreported to bevery good
(27). To achieve these 2 aims, we used individual growth curve
modeling (28, 29). Thisstatistical techniqueisparticularly suited
for the analysis of longitudinal data and has several advantages
over traditional methodsfor analyzing longitudinal data(19, 22).

Theanalysisof individual growth curveswasimplemented by
using mixed linear modelsin PROC MIXED of the SAS/STAT
software package (release 8.02, 1999; SAS Institute Inc, Cary,
NC). Three dependent variableswere analyzed separately: BMI,
waist circumference, and sum of skinfold thicknesses. BMI was
log transformed, and waist circumference and sum of skinfold
thicknesses were square root transformed to eliminate conver-
gence problems. Only subjects with = 3 observations were in-
cluded because the analyses depend on fitting polynomial re-
gression curves to each subject’s data. Six hundred forty-nine
subjects(144 AA males, 168 AA females, 173 EA males, and 164
EA females) met this criterion.

For the analysis of thefirst aim, each dependent variable was
analyzed by using amixed linear mode! that included age, age?,
age®, race, sex, SES, and theinteractions among these factors as
fixed effects. To avoid computational problems, age was
rescaled and centered by using age = (age/mean age) — 1, where
mean age is the average age of the entire group. Age” and age®
were calculated from this rescaled age. Rescaled age, age?, and
age® were included as continuous variables, wheress race, sex,
and SES wereincluded as categorical variables. Effects of race,
sex, SES, and their interactions represent effects on the growth
curve level. Effects on the rate of change of central and general
adiposity measureswere modeled asinteractionswith age, age?,
and age®. Additionally, the intercept, age, age?, and age® were
included asrandom effects, with separate coefficientsfor each of
these independent variables being fit to each subject’ sdata. Sig-
nificant variability in these coefficients indicated that growth
rates differed between the subjects. Mother's education was
never found to have asignificant effect, so this variable was not
included in any further analyses. Only 622 subjects (136 AA
males, 156 AA females, 169 EA males, and 161 EA females)
were used in this analysis because 27 subjects had no record of
father’ seducation. Mean (£ SD) valuesfor characteristicsat the
subjects’ first visit (mean age: 11.4 y; range: 4.2-23.9y) are
shown in Table 1. The data set is complicated because not all
subjects had the same number of visits and because the subjects
were recruited into the study at different ages and in different
years. However, > 80% of all 622 subjectshad = 5visits, which
made this data set very informative for the study of adiposity
changes over time.

To compare the development of general and central adiposity
among subjects who were obese, overweight, or of normal
weight after age 17y, the 3 dependent variableswereincludedin
amixedlinear model that included age, age?, age®, race, sex, BMI
category, and the interactions among these variables as fixed
effects. The average BMI for al visits at which a subject was =
17y of agewascal culated for each subject, and thisaverage BMI
wasthen used to categorize the subjects as obese, overweight, or
of normal weight. Father’s education was never significant in
these analyses and was therefore removed from the model. Age,
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TABLE 1
Characteristics at the subjects’ first visit*
AA males AA females EA males EA females
(n = 136) (n = 156) (n = 169) (n=161) P for race P for sex
Demographics
Subjects with = 5 visits (%) 87.5 85.9 76.3 80.1 <0.01 NS
Age(y) 11.9 + 3.6° 114 +32 114+ 4.1 11.0+ 4.1 NS NS
Anthropometic measures
Height (cm) 151.1 + 204 1484 + 17.7 148.1 + 24.8 142.4 + 22.3 <0.01 < 0.05
Weight (kg) 504 + 22.1 51.8 + 24.1 462+ 225 439+ 22.0 <0.001 NS
BMI (kg/m?) 208+ 53 223+72 19.7+50 20.1+58 < 0.001 < 0.05
Waist circumference (cm) 704+ 151 712+ 16.4 684 + 15.1 66.6 + 15.6 <0.01 NS
Sum of skinfold thicknesses (mm) 385+ 29.8 532+ 36.3 36.1 + 26.2 46.2 + 28.2 NS < 0.0001
Socioeconomic status measures
Father’s education level (y) 125+ 21 130+ 21 138 + 2.6 137+ 22 < 0.0001 NS
Mother’s education level (y) 136+ 1.8 133+ 19 137+ 21 138+ 21 < 0.05 NS
1 AA, African American; EA, European American.
2% + SD (all such values).
age?, and age®wererescaled and centered asabove. A total of 510 RESULTS

subjectswereincludedinthisanalysisbecause 139 subjectswere
not = 17y of age by the end of the study.

The significance of fixed effects was determined by using an
F test based on the method of Kenward and Roger (30) to cal-
culatetheappropriatedf. All random effects (intercept, age, age?,
or age®) were tested by using a likelihood ratio test, which
asymptotically has a chi-squared distribution.

In our study, 123 of the 622 subjects were siblings. Siblings
share genes and environment and consequently will be more
alike than will subjects from different families. Although this
dependency between siblings does not lead to biased estimates,
it may result in an overestimate of the significance of observed
effects (31). However, when siblings were excluded from the
analyses, the pattern of significant resultswasvirtually identical,
so the results for the entire sample are reported here.

TABLE 2

Effects of race, sex, and socioeconomic status on growth
curves

BMI ranged from ~12 to 20 in children < 7 y of age and
increased to arange of 15to > 50 in subjectsin their late teens.
Both waist circumference and the sum of skinfold thicknesses
showed similar general patterns of increase. Analyses of indi-
vidual growth curvesindicated that the intercept and the linear,
quadratic, and cubic components of the growth curves for al
variables differed between subjects (the random components
were significant for all variables). The pattern of significant
results of the fixed effects on the growth curves was similar for
the 3 individua skinfold-thickness measures that made up the
sum of skinfold thicknesses (Table 2). As such, the 3 skinfold-

Summary of growth curve modeling for BMI; waist circumference; triceps, subscapular, and suprailiac skinfold thicknesses; and sum of skinfold
thicknesses with amodel that included race, sex, and socioeconomic status (SES), as categorical variables'

Skinfold thickness
Variable BMI Waist circumference Triceps Subscapular Suprailiac Sum of skinfold thicknesses
Race < 0.05 NS NS NS NS NS
Sex < 0.05 NS < 0.0001 < 0.0001 < 0.0001 < 0.0001
SES < 0.05 <001 NS NS NS NS
Race X sex < 0.05 < 0.05 < 0.05 < 0.05 NS < 0.05
SES X race NS NS NS NS NS NS
SES X sex NS NS NS NS NS NS
SES X race X sex <001 NS <001 < 0.05 < 0.05 < 0.05
Age < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.001 < 0.0001
Race X age NS NS NS NS NS NS
Sex X age NS < 0.05 < 0.0001 < 0.075 < 0.05 < 0.001
SES x age < 0.075 <001 NS NS NS NS
Age? < 0.0001 < 0.0001 NS < 0.0001 NS NS
Race X age? NS NS NS NS NS NS
Sex X age? NS NS <001 < 0.001 < 0.05 <001
SES x age? NS NS NS NS NS NS
Age® NS < 0.05 < 0.0001 NS < 0.0001 < 0.0001
Race x age® NS NS NS NS NS NS
Sex X age® NS < 0.05 < 0.05 NS NS NS
SES x age® NS NS NS NS NS NS

1 The 3- and 4-factor interactions that were not significant are not shown.

0202 ¥snBny g1 uo 1senB AQ 91.069/1.99/7/6 L /81014e/udle/W0d dno"olWwapese;/:sdRy Wol) POPEOJUMOQ



664 DEKKERS ET AL

100

-
w

5]
o

Waist circumference (cm)

= = = Males
' Females

25 — . -
3 6 9 12 15 18 21 24 27

Age (y)

100

=
w

w
(=]

(o]
w

Sum of skinfold thicknesses (mm)

. —— Females

3 6 g9 12 16 18 21 24 27
Age (y)

FIGURE 1. Estimated growth curvesfor waist circumference and sum of
skinfold thicknesses by sex. Males and females differed in their linear and
cubic components of growth curvesfor waist circumference (significant sex
X ageand sex X age’ interactions; Table 2) and in the linear and quadratic
componentsfor sum of skinfold thicknesses (significant sex X ageand sex X
age? interactions; Table 2). Age distribution of measurements. < 10 v,
11.6%; 1115y, 34.2%; 16-20y, 43.2%; > 20y, 11%.

thickness measures are well summarized by the results for the
sum of skinfold thicknesses.

Growth curves for both waist circumference and the sum of
skinfold thicknesses, but not for BMI, differed between males
and females (Figure 1). For waist circumference, the linear and
cubic components (significant sex X age and sex x age® inter-
actions) weresignificantly different between the sexes(Table 2).
Thelinear, quadratic, and cubic coefficients reported below per-
tain to rescaled age, age?, age®, and the transformed dependent
variables. The linear increase for males (slope = 1.681, SE =
0.1066) was greater than that for females (slope = 1.368, SE =
0.1021), whereas the cubic change did not differ significantly
from zero for males (coefficient = 0.006, SE = 0.4116) and was
much larger for femal es (coefficient = 1.340, SE = 0.0402). For
the sum of skinfold thicknesses, the linear and quadratic com-
ponentsfor the growth curve differed between the sexes (signif-
icant sex X ageand sex X age? interactions; Table2). Thelinear
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FIGURE 2. Mean (£ SE) BMI valuesand sum of skinfold thicknessesby

race, sex, and socioeconomic status (SES). AA, African American; EA,
European American.

increase of females (slope = 2.3394, SE = 0.2968) was greater
than that of males (slope = 0.7773, SE = 0.3108). Thecurvefor
femalesleveled off with age (quadratic coefficient = —1.6026,
SE = 0.5033), whereas the curve for males showed greater in-
creaseswith age (quadratic coefficient = 0.5749, SE = 0.4828).

The growth curves for waist circumference aso differed
among the SES categories (significant SES X age interaction;
Table 2), with subjects in the lowest SES category having the
greatest linear increase in waist circumference (slope = 8.9533,
SE = 0.07228) and the other 2 SES categories having similar
increases (mid-SES: slope = 8.7305, SE = 0.03504; high-SES:
dope = 8.6648, SE = 0.07226). The difference in slopes be-
tween the low-SES and the other 2 SES categories was highly
significant (Fy; 460 = 11.12, P = 0.0009). Thegrowth curvesfor
BMI showed a similar pattern, with marginally significant dif-
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FIGURE 3. Estimated growth curves for BMI by race, sex, and average BMI after age 17 y. AA, African American; EA, European American.

ferences among the SES categories (SES X age interaction;
Table2). For BMI, thedifference betweenthelow-SESslopeand
the other 2 SES categories was also significant (Fy 501y = 5.26,
P = 0.022).

The mean for each variable reflects the relative level of each
growth curve. Assuch, the positioning of the growth curveswas
affected by the specific combination of race, sex, and SES for
both BMI and sum of skinfold thicknesses (SES X race X sex
interaction, Table 2). BMI was|owest in the high-SES group for
EA males and EA females, but was highest in the medium-SES
groupfor AA malesandlowest inthemedium-SESgroupfor AA
females (Figure 2). The sum of skinfold thicknesses showed a
similar pattern (Figure 2). Waist circumference differed among
the 4 race and sex categories (race X sex interaction, P < 0.05;
Table 2); EA males (x: 78.6 cm) had larger waists than did EA
females (x: 75.1 cm), and AA females (x: 78.6 cm) had larger
waiststhandid AA males(x: 76.4 cm). Waist circumferencewas
also inversely related to SES (main effect: P < 0.01; Table 2),
withindividualsinthelow-SEScategory having thelargest waist
circumference (x: 80.2 cm) and subjectsinthehigh-SES category
having the smallest waist circumference (x: 75.1 cm).

Effects of body mass index category on growth curves

Subjectswho were of normal weight after reaching adulthood
(average BMI of < 25.0 after 17 y of age) began with average
BMIs of ~15 (children aged < 7 y), and their mean BMI in-
creased to ~24 by early adulthood (Figure 3). Subjects who
were overweight after reaching adulthood (average BMI of
25.0-29.9 after 17 y of age) began with average BMIs of ~16,

which increased to ~27 by early adulthood. Subjects who were
obese once they reached adulthood (average BMI of = 30 after
17y of age) began with an average BMI of ~18, whichincreased
to =37 by early adulthood. The growth curvesfor BMI differed
in acomplex way between the race, sex, and final BMI catego-
ries: BMI category X race X sex X age? and BMI category X
race X sex X age® interactions were significant (Table 3 and
Figure 3). Regardless of race or sex, the increase in BMI was
directly related to the final BMI categories; subjects who were
obese asadults showed thefastest increasein BMI, subjectswho
were overweight showed a moderate increase in BMI, and sub-
jectswho were of normal weight showed the slowest increasein
BMI (Figure 3). Thus, the general pattern wasthat differencesin
BMI betweenthe3final BMI categoriesincreased with age. Race
and sex together withfinal BM1 category al so affected thegrowth
curves. Thegrowth curvesfor EAswere not significantly differ-
ent between the final BMI categories at early ages, whereas the
growth curvesfor AAs showed differencesin BMI at early ages
between those who were obese and those who were of normal
weight at the end of the study; the initial BMI values for the
middle (overweight) group, relative to the other 2 groups, dif-
fered between AA males and females.

Waist circumference and sum of skinfold thicknesses showed
similar patterns, with growth curves differing in a complex way
betweentherace, sex, andfinal BMI categories: BMI category X
race X sex and BMI category X race X sex X age’ interactions
were significant (Table 3). The growth curves for both waist
circumference and sum of skinfold thicknesses showed increas-
ing differences between the 3 final BM|I categorieswith age and
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TABLE 3

DEKKERS ET AL

Summary of growth curve modeling for BMI; waist circumference; triceps, subscapular, and suprailiac skinfold thicknesses; and sum of skinfold
thicknesses with amodel that included race, sex, and BMI category after age 17 y as categorical variables*

Skinfold thickness

Variable BMI Waist circumference Triceps Subscapular Suprailiac Sum of skinfold thicknesses
Race NS <001 < 0.0001 NS < 0.0001 < 0.001
Sex NS < 0.0001 < 0.0001 < 0.0001 <0.01 NS
BMI117 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001
Race X sex NS NS NS NS NS NS
BMI17 X race NS NS NS NS NS NS
BMI17 X sex NS NS NS NS < 0.05 NS
BMI17 X race X sex NS < 0.05 < 0.075 < 0.05 < 0.05 < 0.05
Age < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001
Race X age NS NS NS NS NS NS
Sex X age < 0.075 <001 < 0.0001 NS NS <001
BMI17 X age < 0.0001 < 0.0001 < 0.05 < 0.075 NS NS
Race X sex X age NS NS NS NS NS NS
BMI17 X race X age NS NS NS NS NS NS
BMI17 X sex X age NS NS <0.01 < 0.075 <0.01 < 0.05
BMI17 X race X sex X age NS NS NS NS NS NS
Age? < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001
Race X age? NS NS NS NS <0.01 < 0.075
Sex X age? NS < 0.05 NS < 0.05 NS NS
BMI17 x age? < 0.001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001
Race X sex X age? NS NS NS NS NS NS
BMI17 x race X age? < 0.05 < 0.05 < 0.075 < 0.05 < 0.01 < 0.05
BMI17 x sex X age? < 0.05 NS NS NS NS NS
BMI17 X race X sex X age? <0.01 < 0.01 <0.01 <0.01 <0.01 < 0.01
Age® NS < 0.001 < 0.001 < 0.05 < 0.0001 < 0.0001
Race x age® NS NS NS NS NS NS
Sex X age® NS < 0.075 NS NS NS NS
BMI17 x age® NS NS NS NS NS NS
Race X sex X age® NS NS NS NS NS NS
BMI17 x race X age® NS NS NS NS NS NS
BMI17 X sex X age® < 0.05 NS < 0.05 < 0.075 < 0.075 < 0.075
BMI17 X race X sex X age® < 0.05 < 0.075 NS NS NS NS

1BMI17, BMI category after age 17 y [obese: BMI (in kg/m?) = 30; overweight: 25.0-29.9; norma weight: BMI < 25.0].

showed discrimination between BMI categoriesat earlier agesin
AAsthanin EAs, aswas observed for BMI. For sum of skinfold
thicknesses, males of a normal weight showed no increase on
average, whereas females did (data not shown).

DISCUSSION

The main objective of this study was to assess the effects of
race, sex, and SES on the development of BMI and sum of
skinfold thicknesses (as measures of general adiposity) and
of waist circumference (as a measure of central adiposity) from
childhood into early adulthood. Our results showed that both
general and central adiposity measuresincreased from childhood
through early adolescence, with males and femal es showing dif-
ferent trajectories for sum of skinfold thicknesses and waist cir-
cumference but not for BMI. Increases in general adiposity (7,
10, 12) aswell asin central adiposity (11) were reported previ-
ously in childhood and adolescence. Our finding of different
growth curves for sum of skinfold thicknesses for males and
femalesis consistent with the different male and female trajec-
toriesfor percentage body fat observed by Labarthe et a (7). In
contrast with our findings for waist circumference, Huang et a
(11) did not find sex differences in the growth rates of visceral

and subcutaneous abdominal fat during childhood and early ad-
olescence, possibly because of their relatively small samplesize
(n = 138) and short follow-up period of 3-5.

Theshapeof thegrowth curvefor general and central adiposity
was unaffected by racein our study, although race, sex, and SES
had joint effectson general adiposity levels. Huang et al (11) also
observed no race differences for growth rate in subcutaneous
abdominal fat but did find such differencesfor growthinvisceral
fat. Partly in line with our findings, Kimm et a (12) found that
racial differencesin sum of skinfold thicknesses and BMI were
relatively stableduring early adolescence, with black girlsshow-
ing higher level sthanwhitegirlsfromage 12y onward; however,
BMI and sum of skinfold thicknesses increased at a greater rate
in black girlsin their late teens.

One unique feature of this study was the evaluation of the
influence of SES on the development of general and central
adiposity from childhood into early adulthood. SES is usually
strongly confounded with race, and our study was no exception
inthat it overrepresented EAsinthe high-SES category and AAs
inthelow-SES category. However, inclusion of both variablesin
our modelsallowed usto assesstheir independent effectsaswell
as their potential interactions. Our results showed that SES did
affect the level of general adiposity (BMI and sum of skinfold
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thicknesses) in combinationwith raceand sex. Asexpected, BM|
was lowest in the highest SES group in EA males and females.
This result agreed with the generally observed inverse relation
between SES and obesity risk in white men and women (32).
Unexpectedly, we found general adiposity to be highest and
lowest in the medium-SES group for AA males and females,
respectively. The differential relation of BMI and sum of skin-
fold thicknesses with SES between AA and EA femalesis par-
ticularly striking and similar to the findings of Burke et a (33),
who noted a negative association between education and body
sizeinwhite but not in black women aged 18—30y. Body image
(or satisfaction) is known to be different in black than in white
femalesand hasbeen shown to vary with SES (34). The complex
relation between race, SES, and body image (or self-perceived
body weight) may, therefore, offer apossible explanation for the
differencein therelation of SESwith general adiposity between
black and white women (17, 34).

The association of SES with central adiposity was more
straightforward, with waist circumference inversely related to
SES irrespective of race and sex. Not only did subjects in the
low-SES category have the largest waist circumference, they
also showed the strongest increase in this measure over time (as
didBMI toalesser extent). Interestingly, EA femaleshad smaller
wai st circumferencesthan did EA males, but this pattern wasthe
reversein AAs.

A second aim of our study wasto investigatethe differencesin
development of general and central obesity between personswho
were obese, overweight, or of normal weight after age 17y. We
chose this cutoff point because Guo and Chumlea (27) showed
that the prediction of adult overweight isexcellent at 18y of age,
and later cutoff points would have resulted in progressively
smaller sample sizes because subjects would not have reached
the cutoff age by the end of our study. Only small differencesin
growth curves between subjectsin the 3 final weight categories
werefound beforeage 10y, especialy in EAs. However, differ-
encesbecameprogressively larger asthe subjectsaged; theobese
subjects showed the most rapid increase in al 3 adiposity mea-
sures. Growth curvesin the obese subj ects coul d bedistinguished
from those of the normal-weight subjectsat an earlier agein AAs
thanin EAs. Although not explicitly addressed in our study, this
observation implies that the prediction of adult obesity islikely
to bemore accuratein early childhood in AAsthanin EAs. This
resultispromising giventhehigher prevalenceof overweight and
obesity anditsrelated morbidity and mortality in AAsingeneral,
particularly females, than in EAs (2, 12). Early identification of
childrenwho are at risk of becoming obeseisimportant for many
reasons. Preventive lifestyle changes, such asincreasesin phys-
ical exercise, reductionsin television viewing, and the consump-
tion of healthier and smaller portions of food, are easier to im-
plement in childhood. Furthermore, prevention efforts must be
started in childhood before obesity-rel ated health problemshave
had the chance to become established.

Participantsin our study had averified positive family history
of CVD, which may have increased their risk of developing
obesity (35). This seemsto be supported by the observation that
alargepercentageof AA (> 45%) and EA (> 30%) subjectswas
either overweight or obese when they reached adulthood in our
study. However, we have no reason to believe that the relative
effectsof race, sex, SES, and final BMI category in our high-risk
cohort were different from those in the general population.

Although the prevalence of obesity in American children has
sharply increased over the past few decades, evidence for acon-
comitant rise in food intake is scarce (36). This apparent para-
doxical finding suggests that the high prevalence of adiposity is
at least partly due to adecreasein physical activity (ie, a seden-
tary lifestyle). Indeed, the amount of physical activity in Amer-
icanyouthislower thantherecommended level, and asignificant
decreasein reported physical activity has been found in the high
school years (37). Kimm et a (38) reported an even more dra-
matic decrease in physical activity during the teen years among
American girls, especially AAs. Thus, the observed increase in
central and general obesity from childhood into early adulthood
in our study may have been due, at least in part, to the strong
decrease in physical activity observed in American children.
Unfortunately, reliable measures of physical activity and televi-
sion viewing were not available for the entire duration of this
longitudinal study, so such influences could not be assessed. Ina
recent cross-sectional analysis of the same subjects, we found
only asmall effect of self-reported physical activity on adiposity
(39). However, careful experimental manipulation of the phys-
ical activity level in randomized clinical trials, as done in many
studies conducted by our research group, has been shown to
reduce adiposity in children (40, 41).

In conclusion, our results suggest that the rate of development
of adiposity from childhood into early adulthood isinfluenced by
sex and SES but not by race. However, race, sex, and SES have
joint effects on adiposity levels. AA females and persons from
low-SESbackgroundshavethe highest risk of becoming obesein
adulthood. The development of obesity can begin to be distin-
guished in midchildhood and is often established by early adult-
hood, but the age at which the distinction becomes apparent
depends on race. Therefore, prevention efforts should start in
childhood. AAs should be targeted at an earlier age than should
EAs, and the focus should be on the most vulnerable groups—
such as those from alow-SES background—to yield the highest
benefit. |
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