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ABSTRACT
Background: Data from the NHANES indicate that BMI has
increased in some subgroups of children and adolescents in the
United States over the past 20 y; however, BMI is an indirect measure
of body fatness.
Objectives: We assessed changes in DXA-derived measures of
adiposity in a nationally representative population of US children and
adolescents aged 8–19 y from 1999–2006 to 2011–2018.
Methods: Using data from the NHANES, we compared the means
and distributions of DXA-derived percentage body fat (%BF) and
fat mass index (FMI; fat mass/height2 in kg/m2) between 1999–
2006 (n = 10,231) and 2011–2018 (n = 6923) among males and
females by age group, race and Hispanic origin, and BMI cate-
gories. Estimates were standardized by age and race and Hispanic
origin.
Results: From 1999–2006 to 2011–2018, mean %BF increased
from 25.6% to 26.3% (change in %BF: 0.7%; 95% CI: 0.2%,
1.2%; P < 0.01) among all males, whereas mean %BF increased
from 33.0% to 33.7% (change in %BF: 0.7%; 95% CI: 0.2%,
1.2%; P = 0.01) and mean FMI increased from 7.7 to 8.0 fat
mass kg/m2 (change in FMI: 0.3 fat mass kg/m2; 95% CI: 0.0,
0.6 fat mass kg/m2; P = 0.02) among all females. Changes were
not consistent across all age, race and Hispanic origin, and BMI
categories. Both %BF and FMI increased among Mexican-American
children and adolescents, but not other race and Hispanic origin
groups.
Conclusions: Among US children and adolescents, DXA-derived
measures of adiposity increased from 1999–2006 to 2011–2018,
albeit not consistently in every age, race and Hispanic origin, and
BMI subgroup. These data reinforce the need to consider other
measures, besides BMI categories, when studying adiposity in
children and adolescents. Am J Clin Nutr 2021;114:1495–1504.

Keywords: US children and adolescents, adiposity, body fatness,
percentage body fat, fat mass index, DXA, dual-energy X-ray
absorptiometry, NHANES

Introduction
Obesity among children and adolescents in the United States

aged 2–19 y is defined by the CDC, based on expert committee
recommendations, as a BMI (in kg/m2) ≥95th percentile of the
2000 CDC growth charts (1, 2). Obesity is prevalent among
children and adolescents in the United States, affecting 19.3%
of those aged 2–19 y in 2017–2018, an increase from 13.9% in
1999–2000 (3). Childhood obesity is associated with immediate
health risks, including insulin resistance, cardiovascular disease
risk factors, and sleep apnea, among others (4, 5). Children
with obesity are also at risk of continued obesity as adults and
consequent associated health risks (6, 7).

BMI is used as a noninvasive proxy measure of adiposity,
utilizing weight relative to the square of height. However, because
BMI is an indirect measure of adiposity not reflective of the
distribution of fat and unable to distinguish between lean mass
and fat mass, it is imperfect. Although children with obesity as
defined by BMI generally have excess body fat, BMI is a poor
estimator of percentage body fat (%BF) in children with lower
BMI (8–11). Although some studies show that BMI and %BF
have similar associations with cardiovascular disease risk factors,
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there is also some evidence that %BF may be associated with
cardiovascular disease risk factors in children independently from
BMI (12–14). In addition, there are differences in %BF by self-
reported race and Hispanic origin groups within the same BMI
category (15).

Several measures have been used to assess adiposity more
directly, including %BF and fat mass index (FMI). FMI is
calculated as fat mass divided by height-squared (fat mass kg/m2)
(16). %BF gauges fat mass relative to total body mass. The FMI
provides useful adjunctive information to %BF by giving an
absolute measure of adiposity (16). Differences in FMI among
individuals reflect differences in absolute fat mass, whereas
differences in %BF among individuals could be due to differences
in fat mass, lean mass, or both (16). DXA can assess total-body
fat mass from which %BF and FMI can be calculated.

To assess changes in body composition over time, we
compared DXA-derived %BF and FMI between 1999–2006 and
2011–2018 in children and adolescents aged 8–19 y, examining
%BF and FMI in the entire group as well as according to sex, age,
race and Hispanic origin, and by BMI categories, using data from
the NHANES.

Methods
The NHANES is a nationally representative, cross-sectional

survey designed to monitor the health and nutrition of the
civilian, noninstitutionalized, resident US population (17). DXA
examinations were included in the NHANES in 1999–2006 and
again in 2011–2018. To improve the sample size in this analysis,
data were combined from 1999–2006 and compared with data
combined from 2011–2018. The NHANES was approved by the
National Center for Health Statistics Research Ethics Review
Board and signed consent from parents/guardians or participants
aged ≥18 y, as well as assent from minor participants, were
obtained. Demographic information was obtained during an in-
home interview. Participants aged ≥16 y and emancipated minors
were interviewed directly. An adult proxy provided information
for participants aged <16 y. Measurements of weight, height,
and total body fat from DXA scans were obtained in a mobile
examination center (MEC). Unweighted NHANES examination
response rates for children and adolescents aged 6–19 y during
the NHANES cycles ranged from as low as 54.3% in 2017–2018
to as high as 86.1% in 2001–2002.

Examination methods

Standardized procedures were used to obtain weight and
height to calculate BMI (17). Sex-specific BMI-for-age percentile
values were calculated according to the 2000 CDC growth charts
(18).

During 1999–2006, whole-body DXA scans were acquired
with a Hologic QDR-4500A fan-beam densitometer (Hologic,
Inc.). Each scan was reviewed and analyzed by the University of
California, San Francisco, Department of Radiology using Ho-
logic Discovery software, version 12.1 (1999–2004) or version
12.4 (2005–2006). The lean soft tissue mass was decreased by
5% and an equivalent kilogram weight of fat mass was added,
maintaining the same total body mass, based on an analysis from
7 research laboratories that found the QDR-4500A algorithm

underestimated fat mass and overestimated lean mass (19). DXA
data available in the publicly released data sets for 1999–2006
that were used in this analysis included imputed data, using
multiple imputation, for missing DXA values (19). Imputation
was performed because of the high percentage of missing values
and the missing data were related to age, BMI, weight, height,
and possibly other characteristics (20). Part of this missingness
is explained by weight and height limits of the DXA table,
requiring exclusion of those with a self-reported weight >300
pounds (>136.1 kg) or height >6′5′′ (>1.96 m). There was less
missing information among children and adolescents than among
adults. Other reasons for missingness included nonremovable
objects, noise, arm/leg overlap, body parts out of the scan region,
positioning problems, motion, missing limbs, and unknown
artifacts, or forms of nonparticipation such as insufficient time
to complete the examination, the pregnancy test not being
completed, participant refusal, and other medical concerns.
For those with any missing data, data were imputed. Of those
children and adolescents included in this study from 1999–2006,
11.5% had imputed DXA data. Briefly, the multiple imputation
procedures used sequential regression multivariate imputation
and were constructed from both available DXA variables and
non-DXA variables, such as demographic characteristics and
body measurements (19). Further information on the DXA data,
multiple imputation procedures, and evaluation of the imputed
values is included in documentation for the data files (19, 20).

During 2011–2018, whole-body DXA scans were acquired
with Hologic Discovery A densitometers (Hologic, Inc.). Each
scan was reviewed and analyzed by the University of California,
San Francisco, Department of Radiology using Hologic APEX
version 4.0 software with the NHANES Body Composition
Analysis option. The NHANES Body Composition Analysis
option was added in 2011 and utilizes the same correction factor
as in 1999–2006, subtracting 5% of lean mass and adding this
to the fat mass, to correct for underestimated fat mass and
overestimated lean mass. No publicly released DXA data from
2011–2018 were imputed given there was less concern about
missingness related to age, BMI, and other characteristics. The
weight limit for the Hologic Discovery model A densitometer
table (450 pounds; 204 kg) used in 2011–2018 was higher than for
the Hologic QDR fan-beam densitometer used in 1999–2006 as
explained in the accompanying technical documentation released
along with the data files (21, 22). During 2011–2018, 16.3%
of children and adolescents were missing DXA data; however,
sex-specific distributions of age group, race and Hispanic origin,
and BMI category were not meaningfully different among all
participants and those with DXA data available. Missing data
can be related to invalid scans due to the presence of removable
or nonremovable objects, noise, arm/leg overlap, body parts
out of the scan region, positioning problems, motion, missing
limbs, unknown artifacts, or other issues or due to forms
of nonparticipation such as insufficient time to complete the
examination, the pregnancy test not being completed, participant
refusal, and other medical concerns. Those with any missing data
during 2011–2018 did not have total-body adiposity measures
calculated and were excluded.

%BF was calculated as the DXA-derived fat mass divided by
the DXA-derived total body mass. FMI was calculated as the
DXA-derived fat mass (kg) divided by height (m) squared.
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Definitions

Age was calculated in months at the time of examination.
Age categories were defined as 8–11 y, 12–15 y, and 16–19 y.
Race and Hispanic origin were separately self-identified by
participants. Race and Hispanic origin responses were combined
into categories, as provided in NHANES public-use files: 1)
Mexican-American, 2) other Hispanic origin, 3) non-Hispanic
white, 4) non-Hispanic black, and 5) other non-Hispanic race
including non-Hispanic multiracial (23). Persons reporting other
Hispanic origin or other non-Hispanic race were included for
the total estimates but not shown separately. Sex-specific BMI-
for-age was divided into 3 categories: <85th percentile, 85th to
<95th percentile, and ≥95th percentile.

Statistical analyses

Analyses were performed using R version 3.6.0 (R Foundation
for Statistical Computing), including the R survey package (24).
All analyses used examination sample weights, encompassing
those who participated in an examination in the MEC. Weighting
procedures reflected the survey’s complex, multistage proba-
bility design and accounted for the differential probabilities of
selection, nonresponse, and noncoverage. The use of weights
allows for the production of estimates of statistics reflective
of the civilian, noninstitutionalized, resident US population
(23). Variances were calculated using Taylor series linearization
(23). The 1999–2006 study population was standardized to
the 2011–2018 study population by sex-specific race and
Hispanic origin, and 6-mo age interval, in order to control for
changes in these demographic characteristics when comparing
body composition between these 2 periods. Crude (unstan-
dardized) estimates are also presented in the supplementary
data.

Given some data were imputed for 1999–2006, effect estimates
and SEs were initially obtained separately for each imputed data
set. Calculated effect estimates for %BF and FMI included means
and mean differences between 1999–2006 and 2011–2018. These
means and mean differences were averaged across imputations.
SEs were pooled across imputations using within-imputation
and between-imputation variances as proposed by Rubin and
Schenker (25).

Significance testing was performed by comparing mean
differences to a null hypothesis of 0 (no change) using a t-
distribution with adjusted df calculated as suggested by Barnard
and Rubin (26). Similar to the approach of Flegal and Troiano,
changes to the distribution of %BF and FMI between 1999–
2006 and 2011–2018 were explored visually using Tukey mean-
difference plots (27). To create these plots, weighted quantiles
of %BF and FMI were calculated at even quantile values (2nd,
4th, 6th, etc., up to the 98th percentile) for each imputed data
set and then combined by averaging across the imputed data sets.
Each data point on the mean-difference plots represents a separate
quantile. To obtain the x-axis values, the %BF or FMI for each
quantile was averaged across 1999–2006 and 2011–2018. Y-axis
values were calculated by subtracting the %BF or FMI in 1999–
2006 from 2011–2018 for each quantile. The resulting plots give
a graphical representation of how the distributions changed over
time.

Analytic sample

Children and adolescents aged 8–19 y who participated in the
NHANES in 1999–2006 or 2011–2018 and had DXA, BMI, and
age at examination data available were included in the analysis
(Supplemental Figure 1). Given important known differences
in body composition by sex in children and adolescents, such as
higher %BF in females than in males and differential changes in
body fat during adolescence (28), results are presented separately
for males and females. Pregnant females did not have DXA
examinations and were excluded from this analysis. In 1999,
females aged 8–17 y did not have Ethics Review Board approval
for DXA examinations, so all data were imputed and combined
with data from females in 2000 in a restricted-use data set.
Given the high percentage of imputed data, females in 1999–
2000 (n = 1427) were excluded from the main analysis. An
exploratory analysis including these data was performed and
reported separately within the results. In 1999–2006, a total
of 10,427 children and adolescents aged 8–19 y (excluding
females from 1999–2000 and pregnant females) were examined
in the MEC among whom 10,231 had both BMI and DXA data
available (98.1%) and were included in this analysis. Data from
1999–2006 are available in imputed data sets, and a total of 1178
participants of these 10,231 participants (11.5%) in the included
sample had at least some missing DXA data that required
imputation (19). Adiposity estimates from the data during 1999–
2004 have previously been reported along with a description of
the imputation process (15, 19, 28). In 2011–2018, a total of
8289 children and adolescents aged 8–19 y were examined in
the MEC among whom 6923 (83.5%) had both BMI and DXA
data available and were not pregnant. Exclusion of children and
adolescents with missing BMI and DXA data did not significantly
change the sex-specific weighted distributions of age, race and
Hispanic origin, or BMI category.

Results
Table 1 reports sample sizes and weighted percentages of

age, race and Hispanic origin, and BMI status groups by sex
and survey period. In both 1999–2006 and 2011–2018, %BF
appeared higher among females than among males, and sex-
specific differences in mean %BF appeared larger starting above
approximately age 12 y (Figure 1A). FMI appeared higher in
females than in males in both 1999–2006 and 2011–2018 and,
as seen with %BF, sex-specific differences were larger above
approximately age 12 y (Figure 1B).

Table 2 shows mean %BF, FMI, and BMI during 1999–
2006 (standardized to 2011–2018) and 2011–2018 (crude) by
age group, race and Hispanic origin, and BMI categories. Crude
values for 1999–2006 were generally similar to standardized
values for 1999–2006 (Supplemental Table 1). Figure 2 shows
the change in these values over time (underlying values shown in
Supplemental Table 2). Among all males, mean %BF increased,
from 25.6% to 26.3% (change in %BF: 0.7%; 95% CI: 0.2, 1.2%;
P < 0.01), but mean FMI and BMI did not. Among all females,
increases were seen in mean %BF from 33.0% to 33.7% (change
in %BF: 0.7%; 95% CI: 0.2%, 1.2%; P = 0.01), FMI from 7.7 to
8.0 kg/m2 (change in FMI: 0.3 kg/m2; 95% CI: 0.0, 0.6 kg/m2;
P = 0.02), and BMI from 22.1 to 22.6 (change in BMI: 0.5; 95%
CI: 0.2, 0.9; P < 0.01).
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TABLE 1 Unweighted sample sizes and weighted percentages of the total among children and adolescents aged 8–19 y by sex, survey years, age group,
race and Hispanic origin, and BMI category—United States, 1999–2006 and 2011–20181

Males Females

1999–2006 2011–2018 2001–2006 2011–2018

All 5933 3584 4298 3339
Age group, y

8–11 1389 (32.6) 1387 (32.7) 1089 (32.7) 1347 (34.0)
12–15 2234 (34.4) 1164 (35.1) 1694 (34.6) 998 (33.5)
16–19 2310 (33.1) 1033 (32.3) 1515 (32.6) 994 (32.5)

Race and Hispanic origin group2

Non-Hispanic white 1525 (61.1) 987 (52.9) 1191 (62.1) 880 (54.3)
Non-Hispanic black 1952 (14.7) 897 (13.7) 1392 (14.7) 788 (12.8)
Mexican-American 2004 (11.7) 717 (15.6) 1372 (10.9) 745 (15.5)

BMI category
<85th percentile 3800 (66.1) 2223 (63.7) 2699 (66.6) 2049 (63.1)
85th–<95th percentile 925 (15.9) 582 (16.0) 729 (16.6) 603 (17.5)
≥95th percentile 1208 (18.0) 779 (20.3) 870 (16.8) 687 (19.3)

1Values are unweighted sample sizes (weighted percentages of the total). For the 1999–2006 time period, female data include only 2001–2006. Source:
National Center for Health Statistics, NHANES.

2Those with race and Hispanic origin defined as “other” were included in the total estimates but are not reported separately here.

Among males aged 8–11 y, there was a significant increase
in mean %BF (28.3% to 29.2%; P = 0.03) but not in mean
FMI or BMI. Significant increases among males aged 12–15 y
occurred in mean %BF (25.5% to 26.2%; P = 0.04), FMI (5.9
to 6.2 kg/m2; P = 0.04), and BMI (21.8 to 22.4; P = 0.03).
Among Mexican-American males, mean %BF (27.7% to 28.5%;
P = 0.02), FMI (6.7 to 7.0 kg/m2; P = 0.04), and BMI (22.8
to 23.5, P = 0.01) increased. Increases in mean %BF (23.2%
to 23.9%), FMI (5.5 to 5.8 kg/m2), and BMI (22.1 to 22.6)
among non-Hispanic black males were similar in magnitude to
those among Mexican-American males but were not significant.
Among males with BMI <85th percentile, mean %BF (21.4% to
22.0%; P < 0.01) and FMI (4.1 to 4.2 kg/m2; P = 0.03) increased
but not mean BMI.

Among females aged 12–15 y, mean %BF (32.4% to 33.5%;
P = 0.02), FMI (7.6 to 8.1 kg/m2; P = 0.04), and BMI (22.4 to
23.2; P = 0.02) increased. Mean BMI increased among females
aged 16–19 y (24.4 to 25.3; P = 0.02), but not mean %BF or
FMI. Among Mexican-American females, mean %BF (34.8%
to 35.9%; P < 0.01), FMI (8.2 to 8.7 kg/m2; P < 0.01), and
BMI (22.5 to 23.3; P < 0.01) increased. Mean %BF increased
among females with BMI <85th percentile (29.5% to 30.1%;
P < 0.01) and decreased among females with BMI ≥ 95th
percentile (43.0% to 42.4%; P < 0.05), whereas mean FMI and
BMI remained stable among these groups.

In exploratory analyses including data from females in 1999–
2000, FMI did not significantly increase among females aged
12–15 y and BMI significantly increased among non-Hispanic
white females. Other significant findings remained similar to the
analyses without females from 1999–2000.

As shown in the mean-difference plot in Figure 3A, differ-
ences in %BF and FMI from 1999–2006 to 2011–2018 among
all males were not consistent throughout their distributions.
Although increases in %BF and FMI over time were seen across
most of the distributions, these increases were generally largest
between the 50th and 90th percentiles. Changes in %BF and FMI
differed above the 90th percentile. Patterns within age groups and
race and Hispanic origin groups were generally similar to those

for all males, except for changes seen in FMI above the 90th per-
centile which varied across subgroups (Supplemental Figures 2,
3). As with males, differences from 2001–2006 to 2011–2018 in
%BF and FMI among females did not appear consistent through-
out their distributions, with differences in changes in %BF
and FMI most apparent above the 90th percentile (Figure 3B).
Increases in %BF over time were highest between the 30th and
50th percentiles and decreases in %BF over time were observed
above the 90th percentile. Increases in FMI over time generally
increased with increasing quantiles. Patterns within age groups
and race and Hispanic origin groups were variable (Supplemen-
tal Figures 4, 5). Of note, %BF decreased over time above the
90th percentile in all groups except females aged 8–11 y.

Discussion
To our knowledge, this is the first study to report how direct

measures of adiposity have changed over time in a nationally
representative sample of US children and adolescents. Recent
estimates from 1999–2000 to 2017–2018 showed increases in
obesity in US children aged 6–11 y and aged 12–19 y (29). In
this study, mean %BF increased among male and mean %BF
and FMI increased among female children and adolescents aged
8–19 y from 1999–2006 to 2011–2018. Across most age, race
and Hispanic origin, and BMI subgroups, changes in %BF and
FMI were in the direction of increase. Although changes were
generally small and statistically significant among only some
subgroups, small changes can have an important impact on
population health.

Studies that look exclusively at changes in BMI and obesity
prevalence over time do not account for the potential for changes
in adiposity independent of BMI. In this study, we found that
changes in mean %BF and FMI differed by BMI category
and were not always consistent with changes in mean BMI.
Significant increases in %BF were seen in males and females
with BMI <85th percentile. FMI increased significantly in
females with BMI <85th percentile. Conversely, %BF decreased
significantly in females with BMI ≥95th percentile. Given this
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FIGURE 1 Crude means of adiposity measures by sex, survey years, and 6-mo age intervals—United States, 1999–2006 and 2011–2018. (A) Mean
%BF, (B) mean FMI. Estimates were calculated using examination sample weights and accounted for the survey’s complex, multistage probability design. For
1999–2006, imputed data were included; means were averaged across imputations. Overall sample sizes: males during 1999–2006, n = 5933; males during
2011–2018, n = 3584; females during 2001–2006, n = 4298; females during 2011–2018, n = 3339. Source: National Center for Health Statistics, NHANES.
For the 1999–2006 time period, female data include only 2001–2006. FMI, fat mass index; %BF, percentage body fat.

decrease in %BF was not accompanied by a significant decrease
in FMI, increases in other components of total body mass (i.e.,
lean mass index) likely contributed to the change. In addition,
changes in %BF were not equal across quantiles, with the greatest
increases generally closest to the middle of the distribution.

This suggests that there are changes to adiposity in children and
adolescents over time not captured by cutoffs in BMI or adiposity
alone, such as standard BMI categories. Such variable changes
across the whole distribution may have important implications
for population health . For instance, several studies have found
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FIGURE 2 Change in mean %BF, mean FMI, and mean BMI among children and adolescents aged 8–19 y from 1999–2006 to 2011–2018 by age group,
race and Hispanic origin, and BMI category—United States. (A) Among males, (B) among females. Estimates were calculated using examination sample
weights and accounted for the survey’s complex, multistage probability design. Mean differences were averaged across imputations. SEs were pooled across
imputations using within-imputation and between-imputation variances. Significance testing was performed using a t-distribution with adjusted df. 95% CIs
are provided. Overall sample sizes: males during 1999–2006, n = 5933; males during 2011–2018, n = 3584; females during 2001–2006, n = 4298; females
during 2011–2018, n = 3339. Source: National Center for Health Statistics, NHANES. For the 1999–2006 time period, female data include only 2001–2006.
Data for 1999–2006 (2001–2006 in females) are standardized to the sex-specific, race and Hispanic origin–specific, and 6-mo age–specific distributions of
2011–2018 to allow for comparison across time frames. ∗,∗∗Significant change: ∗P < 0.05; ∗∗P < 0.01. FMI, fat mass index; %BF, percentage body fat.
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FIGURE 3 Mean-difference plots for the differences in distribution of %BF and FMI among children and adolescents aged 8–19 y between 1999–2006 and
2011–2018—United States. (A) Among males, (B) among females. Plots show the difference for each quantile across time periods compared with the average
of each quantile across time periods. For 1999–2006, imputed data were included; quantiles were averaged across imputations. Estimates were calculated using
examination sample weights and accounted for the survey’s complex, multistage probability design. The 10th, 50th, and 90th percentiles are marked by dotted
lines. Overall sample sizes: males during 1999–2006, n = 5933; males during 2011–2018, n = 3584; females during 2001–2006, n = 4298; females during
2011–2018, n = 3339. Source: National Center for Health Statistics, NHANES. For the 1999–2006 time period, female data include only 2001–2006. Data for
1999–2006 (2001–2006 in females) are standardized to the sex-specific, race and Hispanic origin–specific, and 6-mo age–specific distributions of 2011–2018
to allow for comparison across time frames. FMI, fat mass index; %BF, percentage body fat.

that among adults with normal weight, higher %BF is associated
with increased risk of cardiometabolic disease, suggesting that
BMI categories alone can miss important information about
body composition that influences disease risk (30–32). Less is
known about such findings in children and adolescents. One
study showed significant differences in visceral fat, trunk fat, and
waist circumference, but not %BF, in metabolically unhealthy
compared with metabolically healthy adolescents with obesity
(33).

The largest and statistically significant increases in mean %BF
and mean FMI among age groups in males and females were for
those aged 12–15 y. %BF also significantly increased in males
aged 8–11 y. The 12- to 15-y age group is notable for generally
having the most overlap with the ages of puberty (34). As seen
in Figure 1 as well as prior studies, body composition notably
changes during puberty, with males often reducing or stabilizing
body fat during mid-puberty and females continuing to accrue
adiposity steadily throughout puberty (28, 35, 36). In addition,
some evidence indicates that obesity may be causally related to
earlier onset of thelarche in girls (37, 38). A decrease in the

age of onset of puberty since the early 1900s has been noted in
both males and females with changes in the early to mid-1900s
presumed to be attributable largely to better nutrition that would
be expected to manifest as changes in body composition within
the population over time (39, 40). If there were any changes
in the age of puberty from 1999–2006 to 2011–2018, this may
explain some of the increases in %BF and mean FMI in females.
One study showed that the proportion of women aged 15–44 y
who reported having reached menarche between ages 8 and 12 y
increased from 1995 to 2013–2017, providing evidence that this
may be a possible explanation (41).

Mexican-American males and females had the largest increase
in mean %BF and FMI among the race and Hispanic origin
groups analyzed. This is consistent with changes among children
and adolescents in the United States by race and Hispanic
origin in previously reported obesity estimates from 1999–2000
to 2017–2018 (29) as well as mean BMI from 1999–2006
to 2011–2018 in this study. Disparities in the prevalence of
overweight/obesity have increased over time among foreign-
born Mexican-American children and have remained elevated
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among US-born Mexican-American children compared with
non-Hispanic white children (42). Increases in mean %BF and
FMI among non-Hispanic black males were similar to those seen
in Mexican-American males, although they were not statistically
significant. In contrast, there were no changes in mean %BF
and FMI among non-Hispanic black females. A previous study
showed an increase in obesity prevalence among combined male
and female non-Hispanic black children and adolescents aged
12–19 y from 1999–2000 to 2017–2018 (29).

Significant changes in %BF were not always accompanied by
changes in FMI, which suggests that differences in the fat-free
mass index (FFMI) contributed, in part, to changes in %BF. Fat-
free mass consists of appendicular muscle mass, internal organ
mass, and bone mineral content. Changes to FFMI over time
could reflect any of these components. Lean body mass may be
associated with cardiometabolic risk factors independently from
fat mass in children and adolescents (43), suggesting changes
to FMI and FFMI may both be important considerations for
population health. There are significant race- and sex-specific
differences in FFMI that may potentially affect the relations of
such risk factors to FFMI (44).

The effect of these changes in adiposity on health outcomes
at the population level are unclear. In contrast to these small
increases in adiposity measures, 1 study showed a decrease in
the prevalence of dyslipidemia and stable prevalence of high or
borderline high blood pressure between 1999–2000 and 2011–
2012 for children and adolescents aged 8–17 y (45).

This analysis is subject to several limitations. First, response
rates for NHANES have declined over time since the inception
of the continuous NHANES in 1999. NHANES weights are
adjusted for nonresponse to mitigate this concern. Second, the
NHANES did not oversample all Hispanic persons or non-
Hispanic Asian persons in 1999–2006, so estimates could not
be calculated for these populations during these years and race
and Hispanic origin categorization is limited to non-Hispanic
black, non-Hispanic white, and Mexican-American populations
in this analysis. Third, the 1999–2006 DXA data had missingness
related to age, BMI, weight, height, and possibly other character-
istics and thus relied on imputed data. During 2011–2018, there
was less concern for missingness related to age, BMI, weight,
and height, and therefore data were not imputed. In this study,
analyses were stratified by sex and weights were standardized
by age and race and Hispanic origin to improve comparability
across time, further limiting the impact of missingness. Fourth,
analysis is currently limited to whole-body measures of adiposity
and does not distinguish how adipose tissue is distributed in
the body. Significant evidence suggests that the distribution of
body fat may be more important to health outcomes than the
amount or proportion of total body fat. In adults, visceral adipose
tissue (VAT) has a stronger association with negative health
outcomes than total body fat or abdominal subcutaneous adipose
tissue (SAT) (46–48). In children and adolescents, this relation
is less clearly defined, with varying associations with health
outcomes seen for both VAT and abdominal SAT (49–52). VAT
and abdominal SAT vary by age, maturational status, race and
ethnicity, and sex, further complicating comparisons (50). Fifth,
the DXA data were captured using different machines in 1999–
2006 than in 2011–2018, which could lead to variability, although
the use of quality control scans should have kept such variability
to a minimum (19, 21–24).

In conclusion, DXA-derived measures of adiposity, including
%BF and FMI, generally increased in children and adolescents
aged 8–19 y in the United States from 1999–2006 to 2011–
2018, although the magnitude of such changes was small.
These changes were largest among Mexican-American males
and females and non-Hispanic black males had similar but
nonsignificant increases. Changes also varied by sex, age group,
and BMI category and were not always consistent with observed
changes in BMI. Because BMI does not always reflect underlying
adiposity, these findings reinforce the need to consider other
measures, besides BMI categories, when studying adiposity in
children and adolescents.
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