
High adiposity and high body mass index–for-age in US children and
adolescents overall and by race-ethnic group1–3

Katherine M Flegal, Cynthia L Ogden, Jack A Yanovski, David S Freedman, John A Shepherd, Barry I Graubard,
and Lori G Borrud

ABSTRACT
Background: Body mass index (BMI)–for-age has been recom-
mended as a screening test for excess adiposity in children and
adolescents.
Objective: We quantified the performance of standard categories of
BMI-for-age relative to the population prevalence of high adiposity in
children and adolescents overall and by race-ethnic group in a nation-
ally representative US population sample by using definitions of high
adiposity that are consistent with expert committee recommendations.
Design: Percentage body fat in 8821 children and adolescents aged
8–19 y was measured by using dual-energy X-ray absorptiometry in
1999–2004 as part of a health examination survey.
Results: With the use of several different cutoffs for percentage fat
to define high adiposity, most children with high BMI-for-age
(�95th percentile of the growth charts) had high adiposity, and
few children with normal BMI-for-age (,85th percentile) had high
adiposity. The prevalence of high adiposity in intermediate BMI
categories varied from 45% to 15% depending on the cutoff. The
prevalence of a high BMI was significantly higher in non-Hispanic
black girls than in non-Hispanic white girls, but the prevalence of
high adiposity was not significantly different.
Conclusions: Current BMI cutoffs can identify a high prevalence of
high adiposity in children with high BMI-for-age and a low preva-
lence of high adiposity in children with normal BMI-for-age. By
these adiposity measures, less than one-half of children with inter-
mediate BMIs-for-age (85th to ,95th percentile) have high adipos-
ity. Differences in high BMI ranges between race-ethnic groups do
not necessarily indicate differences in high adiposity. Am J Clin
Nutr 2010;91:1020–6.

INTRODUCTION

Epidemiologic studies often use body mass index (BMI; in kg/
m2) calculated from weight and height as an indicator of adi-
posity. For children and adolescents, definitions are based on
BMI-for-age from a reference population. In the United States,
the 2000 Centers for Disease Control and Prevention (CDC)
growth charts are commonly used as the reference for sex-
specific BMI-for-age percentiles (1–3). These CDC charts for
ages 8–19 y were constructed by using data from nationally
representative surveys covering the years 1963 through 1980.
Expert committee recommendations (4–7) for terminology for
BMI-for-age categories vary but consistently identify 2 levels of
concern by using the 85th and the 95th percentiles of BMI-for-
age from a reference population.

The underlying assumption for using BMI to assess adiposity
is that, at a given height, higher weight is associated with in-
creased fatness (8). However, BMI is an imperfect measure of
body fatness (9, 10) because it cannot discriminate between lean
mass and fat mass. The definition of obesity as “a condition that is
characterized by excessive accumulation and storage of fat in the
body” (11) has to do with fat, not weight or BMI. However,
obesity may also be used as a label for a range of weight rather
than of fat. To avoid confusion between different uses of the term
obesity, we refer to high ranges of BMI-for-age as high BMI-for-
age and to high values of percentage of body fat as high adiposity.

There are no widely accepted levels of body fatness that are
considered to define high adiposity for children (12). Because
expert committee reports on overweight children and obesity in
children reflect expert judgment on the probability of excess
fatness within BMI categories, we sought cutoffs of body fatness
that would be consistent with those judgments.

We quantified the performance of standard categories of BMI-
for-age relative to the population prevalence of high adiposity for
children and adolescents, overall and by race-ethnic group, in
a nationally representative US population sample by using
definitions of high adiposity that are consistent with expert
committee recommendations.

METHODS

In the 1999–2004 National Health and Nutrition Examination
Survey (NHANES), a representative cross-sectional sample of
the US civilian, noninstitutionalized population was selected by
using a complex, multistage probability design. The survey in-
cluded an interview in the household followed by an examination
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in a mobile examination center. NHANES 1999–2004 underwent
institutional review board approval, and participants gave written
informed consent to participate in the survey. This article uses
data from NHANES 1999–2004 for 8821 nonpregnant partic-
ipants, aged 8–19 y, who were measured for weight and height.

Age was calculated as the age in months at the time of the
examination. Race and ethnicity were reported by the partic-
ipants, and for the purposes of this study, race-ethnic groups were
classified as non-Hispanic white, non-Hispanic black, Mexican
American, and other. Weight and height (stature) were measured
by using standardized techniques and equipment (13). Sex-
specific BMI-for-age percentile values were calculated according
to the 2000 CDC growth charts.

Dual-energy X-ray absorptiometry (DXA) is one of the most
accurate and precise methods available to measure total body fat
and lean soft tissue mass directly. Whole-body DXA scans were
acquired with a Hologic QDR-4500A fan-beam densitometer
(Hologic Inc, Bedford, MA) (13). Whole-body percentage body
fat was calculated as the total body fat mass/total mass (from
DXA) · 100. The scan for each survey participant was reviewed
and analyzed by the Department of Radiology, University of
California, San Francisco. Hologic Discovery software (version
12.1; Hologic Inc) was used to analyze the scans. The Discovery
analysis algorithms automatically detect and measure very-
low-density bone in children weighing �40 kg. The NHANES
data were adjusted on the basis of on the results of an analysis of
QDR-4500A DXA data from 7 research laboratories indicating
that the QDR-4500A algorithm underestimated fat mass and
overestimated lean mass (14). On the basis of the results of the
analysis, the NHANES DXA lean mass was decreased by 5%,
and an equivalent kilogram weight was added to the fat mass so
that the total mass did not change. A detailed description of the
procedures that were followed is provided as part of the docu-
mentation of the data files (15).

For our analyses, we used the NHANES 1999–2004 DXA
multiple-imputation data files (15). The multiple imputations in
which 5 DXA values were imputed for each missing DXA value
reflect the uncertainty of the imputation procedure, and this
uncertainty is incorporated into the standard errors and P values
(16). The characteristics of the missing data and the imputation
process for the NHANES 1999–2004 DXA multiple-imputation
data files are both described in detail in the technical docu-
mentation (17). In 1999, women aged 8–17 y did not have in-
stitutional review board approval for DXA exams, and thus
DXA data for 610 women with measured weight and height data
in 1999 were imputed as part of the multiple-imputation project.
In total, 1352 of the participants aged 8–19 y with measured
weight and height data had some or all DXA data imputed.

BMI, obesity, and adiposity

According to the summary report of an American Medical
Association (AMA) expert committee (5), “The use of 2 cutoff
points, namely, BMI of 95th percentile and 85th percentile,
captures varying risk levels and minimizes both overdiagnosis
and underdiagnosis” (p S167).With the use of these outpoints, we
divided BMI-for-age categories into 3 ranges: normal, in-
termediate, and high on the basis of percentiles of BMI-for-age
from the CDC growth charts (Table 1). For descriptive purposes,
these ranges were sometimes subdivided further (Table 1).

To estimate sex-specific smoothed percentiles by age of
percentage body fat from children measured in 1999–2004,
a procedure consisting of a nonparametric double-kernel method
and automatic bandwidth selection was used to estimate per-
centile curves for the DXA data (18). This approach extends
a method of Yu and Jones (19) by incorporating sample weights
into the curve estimation and bandwidth selection.We considered
evenly spaced percentiles including the 65th, 70th, 75th, 80th,
and 85th percentiles. The range of percentage of body fat between
the 65th and 85th percentiles was 6 percentage points on average.
For boys, the smoothed values of the 70th percentile of per-
centage body fat were ’30% body fat at the youngest age (8 y)
and decreased to 26% body fat at the oldest age (19.5 y);
comparable values for girls were 35% and 40%, showing an
increase rather than a decrease with age. Similar values for other
percentiles of percentage body fat at the youngest and oldest
ages ranged from 32% to 28% for boys and 36% to 41% for girls
at the 75th percentile; 33–29% for boys and 37–42% for girls at
the 80th percentile, and 36–31% for boys and 39–44% for girls
at the 85th percentile. For both sexes at all ages, the overall
difference between the 10th percentile and the 90th percentile
was ’20 percentage points.

With the use of several percentile cutoffs for body fatness, we
calculated the prevalence of high adiposity overall and within
BMI-for-age categories. We also calculated the mean percentage
of body fat, fat mass, lean mass, weight, height, and BMI by race-
ethnic group overall and within BMI categories.

Statistical methods

Analyses were conducted with PC-SAS (version 9.1; SAS
Institute, Cary, NC) and SUDAAN (version 9.03; Research Tri-
angle Institute, Research Triangle Park, NC). All analyses used
sample weights and took into account the sample design and the
multiple imputations in calculating statistical tests. Estimates were
averaged over the 5 sets of imputations. Two-sample t tests were
used to compare values. Statistical significance was determined
on the basis of a 2-sided P value , 0.05 with Bonferroni ad-
justments. Results calculated without the imputed data were very
similar to those calculated with the imputed data. All results
presented in this report include the imputed data.

RESULTS

Basic descriptive information about the analytic sample is
shown in Table 2. During the last several decades, expert

TABLE 1

BMI categories and descriptors1

Designation

Percentiles of

BMI-for-age

from the CDC

growth charts

Percentile

subgrouping Nomenclature

High BMI �95 �97 Very high

95 to ,97 Moderately high

Intermediate BMI 85 to ,95 90 to ,95 High-intermediate

85 to ,90 Low-intermediate

Normal BMI ,85 75 to ,85 High-normal

,75 Low-normal

1 CDC, Centers for Disease Control and Prevention.
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committees on childhood-obesity assessment (4–7) consistently
expressed the opinions that most children with high BMI-for-age
are highly likely to have excess adiposity, children with in-
termediate BMI-for-age should be evaluated for excess adipos-
ity, and relatively few children with normal BMI-for-age have
excess adiposity. We calculated overall prevalence estimates
of high adiposity within BMI categories for percentile cutoffs
of 65, 70, 75, 80, and 85 for percentage body fat (Figure 1) to
identify percentile cutoffs for high adiposity that would give
prevalence estimates that approximately correspond to these
statements.

The 70th percentile and particularly the 65th percentile of
percentage body fat led to prevalence estimates for high adiposity
in the high-normal BMI category that were potentially too high to
be completely consistent with these expert committee statements.
For these cutoffs, a fairly large proportion of children with high-
normal BMI had high adiposity (35% of children with the 65th
percentile cutoff and 24% of children with the 70th percentile
cutoff.). The 65th percentile value would identify more children
with high adiposity than all the children with intermediate and
high BMI combined (33%).

We selected the 75th, 80th, and 85th percentiles of percentage
body fat in 1999–2004 to provide possible estimates of high adi-
posity that would be reasonably consistent with expert committee
recommendations. These percentiles covered a relatively small
range of values of percentage body fat, with the average difference
between the 75th percentile and the 85th percentile being 3.5
percentage points. Throughout this range of percentile cutoffs, the
proportion of childrenwith high adiposity at low-normal BMIwas
extremely low. For high-normal BMI, the prevalence of high ad-
iposity ranged from 16% by using the 75th percentile of body
fatness to 4%by using the 85th percentile of body fatness. For high
BMI, the prevalence of high adiposity ranged from 87% by using
the 75th percentile of body fatness to 69% by using the 85th
percentile of body fatness. For very high BMI, the prevalence of
high adiposity ranged from 93% by using the 75th percentile of
body fatness to 79% by using the 85th percentile of body fatness.
The choice of cutoff had the largest effects on the estimated
prevalence of high adiposity in the intermediate BMI category; in
that category, the difference in the prevalence of high adiposity
between the75th and85thpercentile cutoffs of percentagebody fat
was 29 percentage points (45% compared with 16%).

Race-ethnic comparisons of high BMI and high adiposity

Comparisons of prevalences of high BMI and of high adiposity
(on the basis of the 80th percentile of percentage body fat for this
example) by race-ethnic group are shown separately for boys and
girls in Figure 2. The patterns by race-ethnic group were dif-
ferent for high BMI and high adiposity.

For boys, the prevalence of high BMI-for-age did not differ
significantly between non-Hispanic whites and non-Hispanic
blacks (P = 0.10) but was significantly greater in Mexican
Americans than in either of the other groups (P , 0.0001).
Results for high adiposity at the 80th percentile range were
similar to those for high BMI-for-age. For high adiposity, the
differences between non-Hispanic whites and non-Hispanic
blacks were not significant (P = 0.12), and the prevalence for
Mexican Americans was significantly higher than for the
other groups (P , 0.0001). For the 65th, 70th, and 75th per-
centile cutoffs for adiposity (data not shown), estimates were

TABLE 2

Descriptive information (weighted estimates)

Boys Girls

Unweighted sample size (n) 4493 4322

Weighted percentage 51.0 49.0

Age group (% total)

8–11 y 32.9 32.4

12–15 y 34.1 36.6

.16–19 y 33.0 31.0

Race-ethnic group (% total)

Non-Hispanic white 61.0 60.4

Mexican American 14.8 14.9

Non-Hispanic black 11.1 11.1

Other 13.1 13.6

BMI (kg/m2) 21.8 6 0.141 22.1 6 0.15

Body fat (%) 25.4 6 0.24 33.1 6 0.21

Prevalence of BMI-for-age

categories (%)

�85th percentile 33.9 6 1.42 32.8 6 1.20

�95th percentile 17.7 6 0.98 16.6 6 0.93

�97th percentile 12.7 6 0.78 11.1 6 0.91

1 Mean 6 SE (all such values).

FIGURE 1. Overall prevalence (%) of high adiposity within BMI
categories by different percentile cutoffs for high adiposity.

FIGURE 2. Prevalence (%) of high BMI-for-age and high adiposity
(�80th percentile) by race-ethnic group in boys and girls. *Mexican
Americans were significantly different from non-Hispanic whites and non-
Hispanic blacks by 2-sample t test: P , 0.0001. **Non-Hispanic blacks
were significantly different from non-Hispanic whites and Mexican
Americans by 2-sample t test: P , 0.0001.
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significantly higher for non-Hispanic whites than for non-
Hispanic blacks (P , 0.001) and significantly higher for
Mexican Americans than for non-Hispanic whites or blacks
(P , 0.0001).

For girls, the prevalence of high BMI-for-age was significantly
higher for non-Hispanic black girls than for non-Hispanic white
girls (P , 0.0001) or Mexican-American girls (P , 0.0001) and
did not differ between Mexican-American and non-Hispanic
white girls (P = 0.22). The prevalence of high adiposity did not
differ significantly between non-Hispanic white and non-Hispanic
black girls at this cutoff (P = 0.50) or at lower percentile cutoffs.
The prevalence of high adiposity did not differ significantly be-
tween Mexican-American girls and non-Hispanic white girls (P =
0.07) or non-Hispanic black girls (P = 0.09).

Race-ethnic comparisons of high adiposity by BMI
category

The sex-specific prevalences of high adiposity within BMI-for-
age categories by race-ethnic group by the 70th , 75th , 80th , and
85th percentile cutoffs of percentage body fat are shown in
Table 3. These are positive predictive values showing the
probability that children within a given BMI category have high
adiposity. Within all BMI-for-age categories, for all percentile
cutoffs, non-Hispanic black children, both boys and girls, had
the lowest prevalences of high adiposity, although the differ-
ences were not always significant. Within BMI-for-age catego-
ries, there were no significant differences in the prevalence of
high adiposity between non-Hispanic white and Mexican-
American children.

Regardless of race-ethnic group, in the high BMI category
most children had high adiposity, and in the normal BMI category
relatively few children (ranging from 0.2% to 12.5%) had high
adiposity. However, in the intermediate BMI category there were
considerable differences by race-ethnic group; the prevalence of
high adiposity among non-Hispanic black children was only
about one-half of the prevalence among other children. These
differences were significant in all but one case (Table 3).

Examples of a more detailed breakdown by finer BMI cate-
gories for the 80th percentile cutoff of percentage body fat are
shown separately for boys and girls in Figure 3. With this cutoff,
fewer than half of non-Hispanic black boys or girls with high-
intermediate BMI-for-age (90th to ,95th percentile) had high
adiposity, and for those with low-intermediate BMI-for-age
(85th to ,90th percentile), the proportion was well under 25%.

Comparisons of body size and composition by race-ethnic
group

Comparisons of percentage of body fat, total body fat mass,
total body lean mass, height, weight, and BMI are shown by sex
and race-ethnic group in Table 4. To control for possible dif-
ferences in the age distribution by race-ethnic group, these
values were standardized to the age distribution of the sample in
6-mo age groupings. However, the age standardization had little
effect on the estimates. For boys, all 3 groups differed signifi-
cantly in percentage body fat, with non-Hispanic blacks having
the lowest percentage body fat and Mexican Americans having
the highest percentage body fat. Non-Hispanic whites and non-

TABLE 3

High adiposity by sex, BMI category, and race-ethnic group: National

Health and Nutrition Examination Survey (NHANES) 1999–20041

Smoothed percentile of

body fat, 1999–2004,

used to define high adiposity

Normal

BMI

Intermediate

BMI

High

BMI

Boys

70th

Non-Hispanic white 7.3 6 1.2 57.7 6 4.5 92.5 6 1.9

Mexican American 6.9 6 1.1 66.1 6 3.7 95.5 6 1.1

Non-Hispanic black 1.7 6 0.42 30.0 6 5.02 85.8 6 2.43

75th

Non-Hispanic white 4.5 6 0.8 43.1 6 3.4 87.2 6 2.4

Mexican American 3.8 6 0.7 46.9 6 3.1 91.9 6 1.1

Non-Hispanic black 1.1 6 0.42 20.5 6 3.92 77.4 6 3.03

80th

Non-Hispanic white 1.2 6 0.4 27.2 6 3.9 80.2 6 2.7

Mexican American 1.9 6 0.5 31.7 6 2.2 83.5 6 2.1

Non-Hispanic black 0.4 6 0.23 14.3 6 2.83 66.1 6 3.73

85th

Non-Hispanic white 0.4 6 0.24 17.1 6 2.8 69.1 6 2.7

Mexican American 0.6 6 0.24 17.3 6 2.9 72.2 6 3.1

Non-Hispanic black 0.2 6 0.14 9.5 6 2.5 57.0 6 3.9

Girls

70th

Non-Hispanic white 7.0 6 1.3 57.6 6 4.8 94.4 6 2.5

Mexican American 12.5 6 1.4 67.1 6 3.3 94.6 6 2.2

Non-Hispanic black 1.9 6 0.62 30.2 6 3.52 86.4 6 2.4

75th

Non-Hispanic white 3.6 6 0.8 50.3 6 4.3 91.6 6 2.9

Mexican American 6.7 6 0.9 57.4 6 4.2 90.6 6 2.7

Non-Hispanic black 0.9 6 0.52 20.2 6 2.92 78.6 6 3.12

80th

Non-Hispanic white 1.8 6 0.6 30.8 6 3.6 86.3 6 3.6

Mexican American 3.4 6 0.7 32.3 6 4.5 85.7 6 2.9

Non-Hispanic black 0.4 6 0.33 11.8 6 2.12 68.8 6 3.82

85th

Non-Hispanic white 1.0 6 0.44 18.3 6 3.5 74.1 6 4.8

Mexican American 1.7 6 0.64 17.0 6 2.7 79.3 6 2.7

Non-Hispanic black 0.3 6 0.24 5.5 6 1.82 56.6 6 3.82

1 All values are prevalences (6SE) of high adiposity. Participants were

aged 8–19 y and categorized according to different definitions of high adi-

posity on the basis of smoothed percentiles of percentage body fat.
2 Significantly different from non-Hispanic whites and Mexican Amer-

icans, P , 0.006 (2-sample t test).
3 Significantly different from Mexican Americans, P , 0.006 (2-

sample t test).
4 Estimates had a relative SE .30% and did not meet standards of

statistical reliability and precision.

FIGURE 3. Prevalence (%) of high adiposity (�80th percentile) by race-
ethnic group and BMI category in boys and girls.
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Hispanic blacks did not differ significantly in mean fat mass, but
non-Hispanic blacks had significantly higher average lean mass
than non-Hispanic whites. Mexican Americans were signifi-
cantly shorter on average and had significantly greater mean
BMI and higher average percentage fat than the other 2 groups
and significantly higher average fat mass and significantly lower
average lean mass than non-Hispanic blacks.

Among girls, non-Hispanic black girls had significantly higher
mean weights and BMIs than the other 2 groups. However, for
percentage body fat, non-Hispanic black girls had the lowestmean
percentage body fat of the 3 groups and did not differ significantly
from non-Hispanic white girls. Non-Hispanic black girls had
significantly greatermean fatmass andgreater leanmass than non-
Hispanic white girls. Mexican Americans were significantly
shorter on average than the other 2 groups and had significantly
lower average lean mass and a higher percentage of body fat.

DISCUSSION

We estimated the prevalence of high adiposity for children and
adolescents in a large nationally representative sample. Because
there are no standard values that are considered to represent high
adiposity, we examined cutoffs including the 65th, 70th, 75th,
80th, and 85th percentiles of percentage body fat as possible
definitions of high adiposity. On the basis of the reports of several
expert committees (4–7), we used the 2 broad assumptions that
children with high BMI (.95th percentile of BMI-for-age) were
likely to have high adiposity and that children with normal BMI
(,85th percentile of BMI-for-age) were relatively unlikely to
have high adiposity.

Body fatness percentiles from the 75th to 85th percentiles,
indicating a prevalence of high adiposity in the range of 15–25%,
approximately corresponded to those assumptions. However, the
65th and 70th percentiles of percentage body fat led to relatively
high prevalences of high adiposity among children with a high-
normal BMI-for-age, suggesting that those percentile cutoffs may
be too low, given that expert opinion identified children at this
range as being of little concern for having high adiposity. None of
the expert committees recommended any further BMI-based
screening or interventions for children with a BMI-for-age,85th
percentile. According to the summary report of an AMA expert

committee (5), “When BMI is , 85th percentile, body fat levels
are likely to pose little risk” (p S167).

A cutoff that gives a very high prevalence of high adiposity at
high BMI ranges may lead to an overdiagnosis at intermediate or
high-normal BMI ranges; conversely a cutoff that gives a low
prevalence at high-normal BMI ranges may lead to an under-
diagnosis at intermediate BMI ranges. The prevalence of high
adiposity in the intermediate category of BMI-for-age varied
considerably with the cutoff for high adiposity. According to
expert committees (4, 6), this intermediate category of BMI-for-
age was considered as being a group that should be evaluated for
excess adiposity but with a lower level of suspicion than the
category of high BMI. The difference in percentage body fat of
3.4 percentage points between the smoothed 75th and 85th
percentiles translated into large differences (from 45% to 16%) in
the prevalence of high adiposity for intermediate BMI ranges.
According to a plausible range of possible cutoffs for high ad-
iposity, fewer than half of children in the intermediate range of
BMI-for-age have high adiposity.

Studies of diagnostic patterns suggest that pediatricians can
clinically identify most children with high BMI as overweight/
obese but a much smaller proportion of children with in-
termediate BMI (20–27). In one study, in which half the par-
ticipants were African American, pediatricians identified 86% of
children in the high BMI range as overweight or obese but only
26% of children in the intermediate BMI range as overweight or
obese (20); the authors noted that “The appropriateness of the
26% identification rate between children with a BMI in the 85th
to 94th percentile range is difficult to judge.” The current data
may help explain this observation: between children with in-
termediate BMI, fewer than one-half appeared to have excessive
adiposity, and for African American children at this BMI range,
the prevalence of high adiposity was even lower.

Race-ethnic differences

Other studies (28–33) showed differences in body composition
between black and white children in smaller nonrepresentative
samples. In the current study, we showed that these differences in
body composition translated into notable race-ethnic differences
at the population level in the prevalence of high adiposity relative

TABLE 4

Age-standardized values by race-ethnic group: National Health and Nutrition Examination Survey (NHANES) 1999–20041

Fat Fat mass Lean mass Height Weight BMI

% kg kg cm kg kg/m2

Boys

All2 25.4 6 0.2 15.4 6 0.2 43.2 6 0.2 160.3 6 0.2 58.0 6 0.4 21.8 6 0.1

Non-Hispanic white 25.7 6 0.33,4 15.5 6 0.33,4 43.1 6 0.3 160.8 6 0.33 58.0 6 0.6 21.6 6 0.23

Mexican American 27.6 6 0.24 16.9 6 0.24 42.2 6 0.24 158.2 6 0.34 58.5 6 0.4 22.6 6 0.14

Non-Hispanic black 23.1 6 0.3 14.7 6 0.3 45.5 6 0.3 161.4 6 0.2 59.6 6 0.5 22.1 6 0.2

Girls

All2 33.1 6 0.2 18.9 6 0.2 35.5 6 0.1 154.5 6 0.2 53.9 6 0.4 22.1 6 0.1

Non-Hispanic white 32.9 6 0.33 18.5 6 0.34 35.3 6 0.23,4 155.0 6 0.23 53.2 6 0.54 21.7 6 0.23,4

Mexican American 34.7 6 0.24 19.5 6 0.3 34.1 6 0.24 151.8 6 0.24 53.1 6 0.44 22.5 6 0.24

Non-Hispanic black 32.2 6 0.2 20.3 6 0.3 38.7 6 0.2 155.6 6 0.2 58.4 6 0.4 23.6 6 0.1

1 All values are means 6 SEs standardized to the age distribution of the sample in 6-mo age groupings.
2 Includes race-ethnic groups not shown separately.
3 Significantly different from Mexican Americans, P , 0.017 (2-sample t test).
4 Significantly different from non-Hispanic blacks, P , 0.017 (2-sample t test).
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to BMI categories. In particular, although non-Hispanic black
girls had a significantly higher prevalence of high BMI-for-age
than non-Hispanic white girls, the prevalence of high adiposity
did not differ significantly between the 2 groups. Thus, obser-
vations of higher BMI between non-Hispanic black girls should
not necessarily be interpreted as reflecting higher adiposity.

Interpretation of the intermediate BMI category is particularly
affected by these race-ethnic differences. For the range of per-
centage body fat cutoffs considered in the current study, the
majority of non-Hispanic black boys or girls in the intermediate
range did not have high adiposity. Even when using the 70th
percentile definition of high adiposity, only ’30% of non-
Hispanic black boys and girls in the intermediate range of BMI
had high adiposity compared with almost 60% of non-Hispanic
whites.

For the purposes of this study, we defined high adiposity as
a high percentage body fat. However, the variations in percentage
body fat we observed for different race-ethnic groups are in part
due to variations in lean mass rather than in fat mass. Differences
in fat mass are less pronounced than differences in lean mass. For
instance, non-Hispanic black girls have slightly higher fat mass,
but considerably higher lean mass, than non-Hispanic white girls,
resulting in a higher body weight but a lower percentage body fat
on average. Comparisons between race-ethnic groups on the basis
of BMI will give different results than comparisons on the basis of
percentage of body fat.

Limitations

Our study has some limitations. Percentage body fat is based
only on DXA measurements and not on more complex body-
composition models such as a 4-compartment model (34).
Multiple imputation methods were used to adjust for missing
DXA data. As with any method that adjusts analyses for miss-
ing data, the validity of results depends on the validity of the
assumptions about the missing data (35). The race-ethnic cate-
gories that we used, on the basis of participants’ own descrip-
tions, should be interpreted with caution. We used percentage
body fat as the main metric, but some other variable, such as
absolute fat mass, may be a more important determinant of health
risks.We used percentile values relative to age and sex rather than
absolute values of percentage body fat as cutoffs. This is anal-
ogous to the use of BMI-for-age percentiles but, like BMI-for-age
percentiles, will not capture variations in high adiposity across
age and sex, although the variation in percentage body fat is not
large across age. Our values for percentage body fat are not
necessarily comparable with other published values. However,
because our comparisons are internal to the ranking within the
sample, our overall conclusions should not be affected by the
absolute levels of percentage body fat. Body fat itself is not
necessarily a precise measure of health risk. As stated by the
recent AMA expert committee (5), “High levels of body fat are
associated with increasing health risks. However, no single body
fat value, whether measured as fat mass or as percentage of body
weight, clearly distinguishes health from disease or risk of
disease. Even if the body fat amount could be measured easily,
other factors, such as fat distribution, genetics, and fitness,
contribute to the health assessment.” Thus, these estimates should
be interpreted cautiously in terms of an extrapolation to health
risks.

Conclusions

A narrow range of cutoff percentiles of percentage body fat to
define high adiposity identify a high prevalence of high adiposity
in children with a high BMI and a low prevalence of high adi-
posity in children with a low-normal BMI. However, relatively
small differences in the cutoff percentiles used to define high
adiposity lead to large differences in the prevalence of high adi-
posity at intermediate BMI ranges. Comparisons by race-ethnic
groups show that, at a given BMI range, non-Hispanic black
childrenhavea lower percentage body fat thannon-Hispanicwhite
or Mexican-American children and are less likely to have high
adiposity. In particular, although non-Hispanic black girls have
considerably higher prevalences of high BMI than non-Hispanic
white girls, the prevalence of high adiposity does not differ be-
tween the 2 groups. Thus, particular caution should be exercised
in interpreting comparisons of high BMI ranges between race-
ethnic groups in terms of adiposity and in interpreting the preva-
lence of intermediate BMI ranges in terms of high adiposity.
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