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Abstract

Objective—To examine the accuracies of body mass index (BMI) and skinfold thicknesses in
classifying the body fatness of 7365 8- to 19-year-old subjects in a national sample.

Study desigh—We used percent body fat determined by dual-energy x-ray absorptiometry
(PBFpxa) between 1999 and 2004. Categories of PBFpxa and the skinfold sum (triceps plus
subscapular) were constructed so that that numbers of children in each category were similar to the
number in each of 5 BMI categories based on the Centers for Disease Control and Prevention
growth charts.

Results—Approximately 75% of the children and adolescents who had a BMI-for-age = 95th
percentile (considered obese) had elevated body fatness, but PBFpxa levels were more variable at
lower BMIs. For example, only 41% of the boys who had a BMI < 25th percentile, had a similarly
low PBFpxa. The use of the skinfold sum, rather than BMI, slightly improved the identification of
elevated levels of body fatness among boys (P = .03), but not among girls (P > .10). A low sum of
the triceps and subscapular skinfold thicknesses was a better indicator of low PBFpxa than was a
low BMI, but differences were smaller among children with greater levels of body fatness. Among
girls who had a PBFpxa above the median, for example, BMI and the skinfold sum were
correlated similarly (r = 0.77-0.79) with body fatness.

Conclusions—Both BMI and skinfold thicknesses are fairly accurate in identifying children
who have excess body fatness. In contrast, if the goal is to identify children who have low body
fatness, skinfold thicknesses would be preferred.

Body mass index (BMI, kg/m?) is used as a screening tool for overweight and obesity in
various settings, and a high BMI among children is associated with adverse levels of various
cardiovascular risk factors, the initial stages of atherosclerosis, and adult obesity.1-3
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However, because BMI is based on weight and height, both of which change greatly during
growth, a high BMI can reflect a high level of either fat mass or fat-free mass.# A child with
a high BMI is likely to have elevated body fatness,> but lower levels of BMI are a poor
indicator of body fatness among children.® In addition, several investigators’:8 have reported
that the correlation between BMI and more accurate measures of body fatness among
children and adolescents is only moderate (r < 0.70).

The thickness of various skinfolds is thought to give a more direct indication of body fatness
than does BMI, and despite their large measurement errors,? skinfold thicknesses are widely
used.10-12 Most, but not all,13 studies have found that skinfold thicknesses are more strongly
associated with the body fatness of children than is BMI1.6:14-17 A stronger correlation,
however, does not necessarily mean that skinfold thicknesses can more accurately identify
children who have high levels of body fatness than can BMI. The greater correlation may
reflect the more accurate prediction of low levels of body fatness by skinfold thicknesses.

Our objective was to determine whether the sum of 2 (subscapular and triceps) skinfold
thicknesses is more strongly related to dual-energy X-ray absorptiometry (DXA)-calculated
body fatness than is BMI in a nationally, representative sample of 8- to 19-year-old subjects
(n =7365). We also assessed whether differences are caused by the identification of children
who have relatively low or relatively high levels of body fatness.

The 1999-2004 National Health and Nutrition Examination Survey (NHANES) is a
representative, cross-sectional sample of the US civilian, noninstitutionalized population.18
NHANES 1999-2004 underwent institutional review board approval, and parental
permission was obtained for minors younger than the age of 18 years. Children 7-17 years of
age also were asked to provide documented assent. Consent was obtained for all subjects 18
years and older. Age was calculated as age in months at the time of examination. Race and
ethnicity were self-reported, and in the current study, we classify subjects as non-Hispanic
white, non-Hispanic black, Mexican American, and other. The overall examination rate for
6- to 19-year-old subjects in NHANES 1999-2004 was 85%.

DXA scans were acquired in NHANES 1999-2004 for boys and nonpregnant girls who were
at least 8 years of age with the use of a Hologic QDR 4500A fan-beam densitometer
(Hologic Inc, Bedford, Massachusetts).1920 The scan for each survey participant was
analyzed using Hologic Discovery software (version 12.1) by the Department of Radiology
in the University of California, San Francisco. PBFpxa (ie, percent body fat determined by
DXA) was calculated as 100 x (DXA — estimated total fat mass/DXA — estimated total
mass). To protect patient confidentiality, the 1999-2000 DXA data for 8- to 17-year-old girls
are available only in the Research Data Center. The current analyses do not include girls
who were examined in the 1999-2000 cycle.

Our analyses used the NHANES DXA Multiple Imputation Data Files.20 Approximately
9.5% of the children and adolescents in the current study were missing at least one DXA
measurement, and because missingness was associated with BMI, body fatness, and other
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characteristics, an analysis of only nonmissing data could be biased.2> Multiple imputation,
performed by National Center for Health Statistics (NCHS) using sequential regressionZ°
with 5 imputations, was used to estimate missing DXA values from nonmissing DXA
measurements and other characteristics such as raceethnicity, age, BMI, and skinfold
thicknesses. Although it has been suggested that a larger number of imputations may be
necessary to arrive at accurate estimates of Cls and P values,?223 these imputations were
performed by NCHS before these reports were available.

Weight and height were measured using standardized techniques and equipment. BMI was
calculated as weight (kg)/height (m)2, and BMI-for-age z-scores (that account for sex and
age) were calculated relative to children who participated in national studies between
1963-1965 and 1988-1994.24 Overweight is defined as a BMI, relative to the 2000 Centers
for Disease Control and Prevention (CDC) growth charts,2 between the 85th and 94th
percentiles for a child’s sex and age; obesity is defined as a BMI = 95th percentile of this
reference population. On the basis of these cut points, 16% of children in the current study
were considered to be overweight, and 17% were obese. Because we were interested in
comparing the accuracies of BMI and skinfold thicknesses over the entire distribution of
body fatness, we also used the 25th and 50th percentiles of BMI in the CDC reference
population as cut-points in the analyses. Approximately 16% of subjects in the current study
had a BMI < 25th percentile, 18% had a BMI that was between the 25th and 49th
percentiles, and 33% had a BMI between the 50th and 84th percentiles.

The thickness of the triceps and subscapular skinfolds were measured to the nearest 0.1 mm
by the use of Holtain skinfold calipers. These values were missing for about 7%
(subscapular) and 4% (triceps) either because of measurement difficulties or because the
skinfold exceeded the capacity of the caliper (45.0 mm).2> Because the probability of a
missing data for the skinfold thicknesses was not random, with more than 70% of these
children having a BMI = 95th percentile, we used the “Amelia” package in R (http://cran.r-
project.org/web/packages/Amelia/index.html)26:27 to impute values for the missing
skinfolds based on levels of sex, race, age, BMI, PBFpxa, and other characteristics. The
skinfold thicknesses were log-transformed to avoid imputing improbably large values and to
linearize the associations with PBFpxa. We imputed one skinfold thickness value for each
of the 5 sets of imputed DXA values; each set contained (if originally missing) an imputed
value for the PBFpxa and the 2 skinfold thicknesses.

We focus on the ability of 5 categories (<25th percentile, 25th-49th percentile, 50th-84th
percentiles, 85th-94th percentiles, and =95th percentile) of BMI-for-age and the sum of the
triceps and subscapular skinfold thicknesses (SF sum) to correctly classify the body fatness
of children. Because there is little agreement on the classification of “excess body fatness”
among children or adults,2® we constructed 5 categories (low, low-normal, moderate,
slightly elevated, and elevated) for both SF sum and PBFpxa, With each category having a
similar number of children as the corresponding category of BMI-for-age.

This type of classification, with similar numbers of children in each BMI, SF sum, and
percent body fat category, eliminates a possible bias in comparing screening performance.
For example, if one compared extremely high values of the SF sum with less extreme values
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of BMI in identifying high levels of body fatness, the positive predictive value of the SF
sum would likely be greater. This could be true even if BMI was a more accurate indicator
of body fatness, and results from the differing prevalences of high levels of BMI and the SF
sum.

We used quantile regression?® to calculate sex- and age-specific cut-points for 5 categories
of the SF sum and percent body fat. For example, because 18% of the boys in the current
study had a BMI-for-age > 95th percentile, we considered boys with a PBFpxa at or above
the 82nd percentile to have an elevated level of PBFpxa, and boys with a SF sum at or
above the 82nd percentile to have an elevated SF sum. Age was modeled by the use of
restricted cubic splines to account for nonlinearity, and a similar process was used to
determine cut-points for other categories of the SF sum and body fatness. For example,
because 14% of the girls had a BMI-for-age below the CDC 25th percentile, low levels of
the SF sum and PBFpxa Were defined as values <14th (age-specific) percentile. Levels of
PBFpxa corresponding to each of the 5 categories of BMI-for-age, along with the
terminology used throughout the article (Figure; available at www.jpeds.com).

Statistical Analyses

All analyses were performed with the survey and mitools packages in R,27:30 and accounted
for the sample weights, sample design, and multiple imputations. We focused on the relation
of the skinfold thickness and BMI to PBFpxa, but additional analyses were performed that
examined associations with total fat mass (kg).

We incorporated the uncertainty of the multiple imputations (for PBFpxa and log skinfold
thicknesses) into all standard errors3! by analyzing each of the 5 imputation sets separately.
Estimates were then averaged over the 5 sets, and the total variance was calculated as the
within-imputation variance plus (1 + 1/5) times the between-imputation variance.20:32 The
accuracy of the imputations was assessed by overimputing; a process in which each
observed value was treated as if it had been missing. The correlation between the over-
imputed and actual values was strong (r ~ 0.93), and almost all of the observed values were
within the 90% Cls of the overimputed values.

Although the skinfold thicknesses were log transformed before the imputation process, BMI
levels, to a lesser extent, were positively skewed. However, as we did not impute any BMI
values, this variable was not transformed. It has been shown33 that even if the data are
highly skewed, the results of regression models are accurate if the sample is relatively large
(eg, >500).

The 15th, 50th, and 85th percentiles or proportions and SEs were used to summarize various
characteristics of the sample. Sex-specific regression models were used to predict levels of
PBFpxa from race, age, BMI, and the skinfold thicknesses; age and BMI were modeled
with restricted cubic splines. We focused on the sex-specific (weighted) correlations of
PBFpxa with BMI and SF sum. To control for the influence of age, these correlations were
based on the residuals of regression models in which each body size measure was regressed
on age. To determine the statistical significance of the observed differences (eg, the
correlation between PBFpxa and BMI minus the correlation between PBFpxa and SF sum),
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we calculated standard errors with the “withReplicates” function,3° which uses jackknife
replicate weights. The estimated variances were then combined across the 5 imputations,
and P values were calculated using t tests with 44 degrees of freedom.

The abilities of elevated levels of BMI and the SF sum to identify children with elevated
levels of PBFpxa Were examined using the: (1) positive predictive value (eg, the proportion
of children with an elevated BMI who had an elevated PBFpxa); (2) the positive likelihood
ratio (prevalence of an elevated BMI among children who had an elevated PBFpxa divided
by its prevalence among children without an elevated PBFpxa); and (3) the kappa
statistic,34 a measure of chance-corrected agreement. The variance of the differences
between kappa statistics also were calculated with the “withReplicates” function.30 A
similar process was used to compare the accuracies of BMI and the SF sum in the
identification of children with low PBFpxa levels.

Various characteristics of the sample are shown among boys and girls in Table | (available
at www.jpeds.com). The distributions of several variables were positively skewed, and we
focus on the 15th, 50th, and 85th percentiles; in a normal distribution, the 15th and 85th
percentiles would be about 1 SD from the mean. Overall, 14% of the children were non-
Hispanic black and 11% were Mexican-American. The median BMI-for-age level of these
children was 0.5 standard deviations greater than the median in the 1963-1994 CDC
reference population, but BMI levels did not differ between boys and girls. In contrast,
median levels of the SF sum and PBFpxa Were about 40% to 50% greater among girls than
boys.

As assessed by the multiple R2 values of various sex-specific models predicting PBFpxa
from race, age, and either BMI or the SF sum, the SF sum accounted for more of the
variability in PBFpxa than did BMI (Table 11). Multiple R? values for models that included
BMlI-for-age, in addition to race and age, resulted in R? values of approximately 0.75
(second row), but the use of skinfold thicknesses yielded R2 values of 0.86 (boys) and 0.81
(girls). As shown in Table I, even after we accounted for the information conveyed by
BMlI-for-age, the SF sum provided additional information on PBFpxa among both boys (R2
increases from 0.75 to 0.87), and girls (0.76 to 0.84).

Table 111 shows sex-specific correlations between BMI and the SF sum with PBFpxa. (We
accounted for age in these analyses by using the residuals of regression models that
predicted levels of PBFpxa, BMI and the SF sum from sex and age.) BMI was less strongly
correlated with PBFpxa than was the SF sum among both boys (r =0.83 vs 0.91, P <.001
for difference) and girls (r = 0.84 vs 0.89, P <.001). These differences varied somewhat by
age, with a smaller difference seen among 18- to 19-year-olds (boys: r = 0.87 vs 0.91; girls:
r = 0.89 vs 0.88). However, the magnitudes of the associations with PBFpxa, particularly
for BMI, were substantially weaker among children whose body fatness was below the
median for their sex and age. Among these thinner children, correlations ranged from r =
0.49-0.59 for BMI and from r = 0.68-0.75 for the SF sum. In contrast, among children with
greater levels of body fatness, correlations ranged from 0.76 to 0.84. Furthermore, there was
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little difference in the magnitudes of the associations with BMI and SF sum among girls
who had levels of PBFpxa above the median (r = 0.77 and r = 0.79).

Additional analyses of total fat mass (data not shown), rather than percent body fat,
indicated that fat mass was more strongly correlated with BMI (r = 0.94-0.96) than with the
SF sum (r = 0.85-0.87) among boys and girls. Furthermore, the SF sum did not convey
additional information on fat mass if the BMI level was already known.

Table IV shows a cross-classification of the 5 PBFpxa categories with those of BMI (top)
and SF sum (bottom). As assessed by the proportion of children along the diagonal, the SF
sum was a more accurate indicator of PBFpxa than was BMI among both boys (60% vs
48% along the diagonal) and girls (59% vs 51%). (Similar differences were seen for the
intraclass correlations across the 5 categories, with correlations of 0.65-0.66 for BMI among
boys and girls vs 0.76-0.79 for the SF sum.) These differences, however, were largely due to
the more accurate classification of thinner children by the SF sum. For example, whereas
only 41% of boys in the lowest BMI category were also in the lowest PBFpxa category, the
comparable proportion (row percent) for the SF sum was 61%. In contrast, differences in the
abilities of BMI and the SF sum to correctly identify children with elevated levels of
PBFpxa Were much smaller among both boys (75%, BMI vs 79%, SF sum) and girls (76%
for both BMI and SF sum). The classification of slightly elevated levels of PBFpxa
(category #4) was relatively poor for both BMI and SF sum.

Table V focuses on the screening performance of BMI and the SF sum in the identification
of elevated (left columns) or low (right) levels of PBFpxa based on the results of several 2
x 2 tables. In general, elevated levels of both BMI and SF sum were good indicators of
elevated PBFpxa levels (Table V) with positive likelihood ratios ranging from 14 to 18
among both boys and girls. (For example, boys with an elevated PBFpxa Were 14.3 times
more likely to have an elevated BMI than were those with a lower PBFpxa level.) As
assessed by kappa statistics (Hg: no difference in the abilities of BMI and SF sum to classify
body fatness), an elevated SF sum was a better indicator of an elevated PBFpxa level
among boys (kappas of 0.70 vs 0.75, P = .03) but not girls (kappas of 0.71 for both
measures). Kappa statistics varied somewhat across race-ethnicity groups, but the only
statistically significant difference between BMI and the SF sum was among non-Hispanic
black boys (0.68, BMI vs 0.77, SF sum). The positive predictive values, however, were
lower among non-Hispanic black girls, with values of 0.61 (BMI) and 1.64 (SF sum) versus
values of 0.79 or more among other girls.

In general, a low level of the SF sum was a much better indicator of a low PBFpxa level
than was a low BMI (Table V) among both boys (kappas of 0.28 vs 0.53) and girls (0.40 vs
0.55); P <.001 for both differences. Furthermore, BMI appeared to perform worse among
non-Hispanic black and Mexican-American girls (kappas of 0.34 and 0.29) than among non-
Hispanic white girls (kappa = 0.41). Only 28% of Mexican-American boys and girls with a
low BMI had a low PBFpxa.
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Discussion

It is frequently assumed that thickness of skinfolds at various sites, typically expressed as a
sum or as percent body fat based on published equations,® is a better indicator of body
fatness than is BMI.10:35 Our results indicate that although the SF sum (subscapular plus
triceps) is more strongly associated with PBFpxa than is BMI, with correlations of about
0.90 (SF sum) versus 0.84 (BMI), the importance of this difference may depend upon the
objective of the study. We found that the largest difference between BMI and SF sum was in
their abilities to correctly identify children with a low level of PBFpxa: a low BMI-for-age
could identify only 40% (boys) to 50% (girls) of these thin children, and the SF sum could
identify 75%. In contrast, differences between BMI and SF sum were greatly reduced among
children with elevated body fatness. Among boys, an elevated SF sum was slightly more
accurate than was an elevated BMI (kappas of 0.75 and 0.70) in identifying those with a
high PBFpxa level. Among girls, however, BMI and the SF sum performed equally well
(kappas of 0.71 for both measures).

It has previously been emphasized that although BMI is a useful surrogate for body
adiposity among fatter children, it is “almost useless” in assessing the body fatness of
normal-weight children.5-36 However, even when the goal is to identify children with low
levels of body fatness, BMI may be of some use. We found, for example, that boys with a
low (<16th percentile) PBFpxa were 3.3 times more likely to have a low BMI than were
other boys. This, however, should be contrasted with our findings that boys with an elevated
PBFpxa were 14 times more likely to have an elevated BMI than were other boys. It is
likely that these differing associations between BMI and body fatness may account for the
inter-study differences that have been observed between BMI and PBFpxa.’ 836 For
example, Kerruish et al® reported a correlation of only r = 0.46 between BMI and PBFpxa,
but they focused on girls with anorexia nervosa (mean PBFpxa, 14%). In contrast, we and
others37 have found multiple R2 values of 0.75 or greater for the prediction of PBFpx from
BMI (or 1/BMI), race, sex, and age in more representative samples.

It should also be realized that although approximately 25% of the children with an elevated
BMI did not have an elevated PBFpxa level, most (~80%) of these misclassified children
had a PBFpxa level considered to be slightly elevated, corresponding to BMls in the
overweight category (between the CDC 85th and 94th percentiles). Of the children with a
BMI-for-age = 95th percentile, only 5% had a PBFpxa corresponding to levels in the
moderate or normal range. However, there was a wide range of levels of body fatness among
children who had slightly lower, but still high, BMIs (85th-94th percentiles). Among these
overweight children, approximately 40%-50% had a body fatness that was in the expected
range, but about 20% had a greater-than-expected PBFpxa level and another 30% had a
PBFpxa corresponding to levels between the CDC 50th and 84th percentiles.

We also found that the screening ability of BMI for elevated body fatness varied across race-
ethnic groups, with BMI having a lower positive predictive value among non-Hispanic black
children. Whereas about 80% of non-Hispanic white and Mexican-American children with a
BMI = CDC 95th percentile had an elevated PBFpxa, these predictive values were 61%
(girls) and 65% (boys) among non-Hispanic black children. This difference is comparable
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with that observed by Flegal et al3® despite differences in the cut-points used for body
fatness. The authors of previous studies3”-39 have reported that at similar levels of age and
BMI, the mean PBFpxa of non-Hispanic black children is approximately 2%-3% lower than
that of non-Hispanic white children. If the 95th percentile of BMI is used to identify
children who have excess body fatness, these differences could result in a large number of
false positives among non-Hispanic black children.

Although we found that the use of skinfold thickness significantly improved the
identification of boys (but not girls) who had a high PBFpxa, it is not certain if the higher
positive predictive value (75%, BMI vs 79%, SF sum) would have a substantial impact on
screening and interventions. The errors associated with skinfold thicknesses measurements
can be large,%49 particularly among inexperienced observers, and these measurements, some
of which require disrobing, are generally more intrusive than are those for weight and
height. It is also known that the accuracy of skinfolds in predicting body fatness varies
according to the selected sites and the equation used. For example, Bray et al® found that
most skinfold thickness equations were better predictors of body fatness (determined from a
4-compartment model) than was BMI, but that one resulted in very poor prediction (multiple
R2 of 0.51). Furthermore, 29% of obese children in the current study had at least one
skinfold that could not be measured. We imputed these missing values, but in practice, it
may be difficult to use skinfold thicknesses to track the progress of extremely obese persons
over time.

There are several limitations of the current analyses that should be considered. DXA
estimates of body fatness are known to vary across machines, manufacturers, and software
versions.841-46 Because the Hologic QDR-4500-A (Hologic Inc, Bedford, Massachusetts) in
the current study has been found*”-° to overestimate lean mass among adults, the NCHS
decreased the recorded DXA lean mass values by 5% and added an equivalent weight to
each subject’s fat mass.?0 This adjustment may be the reason for the greater PBFpxa values
in this sample than in other studies of children who have similar BMI levels. However, if
this proportional adjustment was valid across the range of body fatness in the current study,
it is unlikely to have substantially influenced our findings concerning the screening
performances of BMI and skinfold thicknesses. Relying on a fixed cutpoint (eg, 30%) for
high body fatness would be influenced by a bias, but we used cut-points that resulted in
equivalent numbers of children with elevated levels BMI, SF sum, and PBFpxa. A
somewhat-similar approach has been taken by other investigators®:52 in the construction of
body fat reference curves. It should also be realized that we were primarily interested in
PBFpxa, rather than fat mass, as a measure of body fatness. Additional analyses of total fat
mass, however, indicated that this characteristic was: (1) more strongly correlated with BMI
than with skinfold thicknesses; and (2) that skinfolds provided no additional information
beyond that conveyed by BMI.

The results of the current study indicate that sum of the thicknesses of triceps and
subscapular skinfolds is more strongly associated with DXA-calculated body fatness of
children than is BMI. This stronger association, however, does not necessarily indicate that
skinfolds rather than BMI should always be used in the classification of body fatness of
children. If the objective is to identify children with low body fatness, which may be
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associated with slower bone development, 53 skinfold thicknesses are superior. However, if
the goal is to identify girls with elevated levels of PBFpxa, Who are at increased risk for
obesity-related complications, skinfold thicknesses and BMI perform equally well. If the
goal is to identify boys with elevated levels of percent body fat, skinfold thickness provides
some additional information concerning health risks and correctly identifies an additional 4
of 100 boys who have an elevated PBFpxa, but the importance of this additional
information is uncertain. The relatively small improvement obtained with the measurement
of skinfold thicknesses should be balanced with the additional training needed to standardize
these measurements and the difficulties in obtaining these measurements among obese
children.

Glossary

BMI Body mass index

CDC Centers for Disease Control and Prevention

DXA Dual-energy X-ray absorptiometry

NCHS National Center for Health Statistics

NHANES National Health and Nutrition Examination Survey

PBFpxa Percent body fat determined by dual-energy x-ray absorptiometry

SF sum Sum of the triceps and subscapular skinfold thicknesses
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Cut-points for the 5 categories of PBFpxa by sex (boys, left panel; girls, right panel) and
age. Within each sex, the 4 curves were estimated with the use of quantile regression (see
Methods)?® and represent the boundaries of the 5 body fatness categories. These cut-points
were chosen so that the number of children in each PBFpxa category would be similar to
the number of children in the corresponding BMI-for-age category. The names of these
categories are shown for boys, and the percentile cut points are shown for girls. The cut-
points for the 5 categories of body fatness among boys were the 17th, 35th, 66th, and 82nd

percentiles.

J Pediatr. Author manuscript; available in PMC 2015 October 06.



Freedman et al. Page 14

Table |
Descriptive characteristics of 8- to 19-year-old subject by sex: NHANES 1999-2004

1duasnuen Joyiny

Characteristic Boys Girls
n (unweighted) 4493 2872
Age, years 13.9 (9.8, 18.2)T 13.8(9.9,17.9)
BMI, kg/m? 20.8(16.8,26.9) 21.1(17.0,27.3)
BMI-for-agei 0.5(-0.8,1.8) 0.5(-0.6, 1.7)
0, 0,
%obese§ 18+ 1% 17+ 1%
0, 0,
% overweight or obese§ 34+1% 34+1%
% non-Hispanic white 61% 62%
% non-Hispanic black 15% 14%
% Mexican-American 11% 11%

Skinfold thicknesses, mm

1duosnuen Joyiny

Triceps
Subscapular

SF sum

DXA-calculated percent
body fat, PBFpxa

11.2 (7.0, 22.1)
9.1 (5.7, 19.4)
20.2 (13.4, 41.5)
23.6 (17.2, 34.6)

17.2 (10.4, 27.3)
12.4(7.2,23.7)
30.2 (18, 50.1)

32.3(25.6, 41.1)

*
Data for girls are from 2001-2004 rather than 1999-2004.

TWith the exception of the sample size, values are medians for continuous variables or percents for categorical variables. The distribution of each
characteristic is indicated by the 15th and 85th percentile (for continuous variables) or by the SE (for categorical variables). The 15th and 85th
percentiles are about 1 SD from the mean for a normally distributed variable.

iz-score (SD score) of subjects in the current study relative to those who were included in the 2000 CDC growth charts.24

§Obesity is defined as a BMI-for-age = CDC 95th percentile, and overweight is a BMI-for-age between the 85th and 94th percentiles.
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Multiple R2 values for various regression models predicting PBFpxa

Predictors’ Boys Girls

Race, age (baseline) 0.11 0.04
+BMI 0.75 0.76

+ triceps skinfold thickness 085 0.77

+ subscapular skinfold thickness  0.78  0.73

+ SF sum 0.86 0.81
Race, age, and BMI (baseline) 075 0.76
+ triceps skinfold thickness 0.86 0.83

+ subscapular skinfold thickness  0.81  0.80

+ SF sum 087 0.84

Table Il

Page 15

*
All models include race and age (top rows) or race, age, and BMI (bottom rows). Age, BMI, and the skinfold thicknesses were modeled with the

use of restricted cubic splines.
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Table llI

Stratified correlations between PBFpxa, BMI, and SF sum

Boys Girls

BMI SFsum BMI SFsum

Overall 083" 091° 084" 089"
Age group, years
8-11.9 086" 092° 084" 090"
12-14.9 078" 091" g’ o0
15-17.9 084" 090" gt og7f
18-19.9 0s7T  o0gf 089 088

Race
Non-Hispanic whites 0.83* 0_91* 0.85* 0.89*
Non-Hispanic blacks 0.84* 0‘92* 0.85* 0_91*

Mexican-Americans 0.86* 0_93* 0.82* 0_90*

Body fatness¢
<Median 049° 068° 059° 075"
>Median 0.76* 0.84* 0.77 0.79

P values assess whether the correlation between PBFDX A and BMI is equal to the correlation between PBFDX A and the SF sum.
*

P <.001;
TP <.05. In a random sample of 3500, a correlation of 0.055 would be statistically significant (HQ: r = 0) at the 0.001 level.

¢Body fatness was categorized into 2 groups on the basis of the median PBFDX A for a child’s sex, age (year), and imputation number.

J Pediatr. Author manuscript; available in PMC 2015 October 06.

Page 16



Page 17

Freedman et al.

'ssaure} Apoq Jo A1oBayed paiyioads ul ate oym A106a1e0 Wins 4S Jo |ING pai1oads ayl ut uaipliyd jo uonodold ayy Bunuasaidal ‘sjusdsad mod ase sanjeA

1

‘1063180 86e-104-1|N'G Y98 Ul UBIP|Iyd JO Jaquinu 8y se awes ay) aq pinom A1oBered yoes Ul UsIpjIyd 4O Jaquinu eyl 8y} 0s PaloniIsuod alam wns 4 ayl pue VXd4gd Jo ssuiobared
*

Author Manuscript

%9. %0z %v 0 0 %6. %0C %I 0 0 (PeTeAsIa) §
%2Z %97 %IE %I 0 %Te %ES  WSCT %I 0 (perenays Apubils) v
%2 %9T %S9 %IT  %C %l %ET  %EY  %IT %S (avesapowr) €
0 0 %EE  %0Y  %LT 0 0  %0E %Iy %8 (rewou-mor) g
0 0 %9 %€ %29 0 0 %T %8  %I9 (mor) T
A10691ed wins 43

%9, %02 %Y 0 0 %SL %Iz %Y 0 0 (8s9q0) 8nUBIRd YIGEZ
%02 %EY  %GE %I %1 %eZ %Iy %BZ %P 0 anusosad Uire-uise
%2 %9T  %YS %IZ %l %Z %rT %08 %0 %Vl 8nusasad Yaye-ui0g
0 %l %6E  %0E %6 0 %E  %LE %8  %eE alnusaJad Ylep-Uisz
0 %l %6T  %IE %8 0 wz ez wse 470V anusdsad yisz>
(pereroR)s v € Z  (monpT (pereMep)s v € ¢ (wopT  AuoBoyesabe-ioj-| NG

AiobBared YXd4gd 51119

AJoBeres YXd4gd shog

wns 4S 10 aBe-104-1Ag Jayna yum YXd4gd Jo  sa1i06a1ed Jo uoiedlfIsse|d-sso1)

Al 3lqel

Author Manuscript

Author Manuscript

Author Manuscript

J Pediatr. Author manuscript; available in PMC 2015 October 06.



Page 18

Freedman et al.

‘70°>d
t

‘50" > d
1
:syBiam ayeorjdas aytuypioel Buisn uonendwi Yyoes 10y Palenafed aiem pue ‘wns 4S sy pue |G 104 sonsiels eddey ussmiag SaouaIajIp 8yl UO Paseq aJe sanjeA-d

'0,°0 40 onsiels eddey e Ylm G/°0 Sem ||NG PateAs|a Ue Jo anjeA aARdIpald aanisod ayl yeyl paredipui (i3] dol ‘mod 1si1y) sAog Buowre VY XA4gd pue |G JO S|9AS] PaleAs]a JO UOIIeIIJISSe|I-SS04
e ‘g)dwexa o4 *(apis yb611) VX A4gd Jo s|ans| moj o (apis Yal) VXA-49d 40 S|aA8] paleAa]a UM UaIp|1yd O UOIIedIJ1Iuspl 8yl Ul Wins 4S a8y 10 G JO So1Is1Ia1oeleyd Buluaslas snolieA Juasaidal sanjeAx

§'50 86 Sv0 A1) €0 €12 180 910 wns 4
§6¢0 8Y 820 €10 0.0 8.1 180 LT0 INg  SUEdLIBWY UBDIXBIA

95°0 . _ ) ) ) . .
§ 09T 180 €10 690 6'8 ¥9°0 vZ'0 wns 4
§7€0 9L 190 0T0 990 ] 190 920 NG S{oe|g d1uedsiH-UON

G50 . _ . ) ) . .
t 06 650 ST €L°0 78T 6.0 910 wns 4
70 9'g 170 ST0 €L°0 66T 080 910 ING  S8MUM OluedSIH-UON  SHID
§5¢S0 56 050 €10 €L°0 G9T 680 €20 wns 4
§°¢0 L€ 820 970 210 LTt 280 ¥20 INg  SUBdLIBWY-UBDdIX3
§%50 AN 980 v2°0 440 v'iT SL°0 LT0 wns 4
§6¢0 s TL0 LT0 1890 01T 590 6T°0 ING  $2e|g dluedsiH-UoN

150 . _ ) ) ) . .
§ 1L 50 LT0 9.0 0cT 080 910 wns 4
§6¢0 o€ 1€°0 910 0 89T 100 910 NG SSHUM OluedsiH-uoN  shog

G50 . _ ) ) ) . .
§ 00T 290 Y10 A L'ST LL0 LT0 wns 4S
5070 L'S 870 vT°0 1.0 €6T 9,0 LT0 INg IleI9AO S
§¢50 L'l 190 LT0 45L0 08T 6.0 8T°0 wns 4
§8¢0 €€ 70 LT0 10£0 €Yl GL°0 4810 INg llessn0  shog

oIslfes ol pooyipX| anfeA  solBeASld OISl OlfeJ pooyip| anfeA  soudereld  BInsEB N Aipluye-s0ey xS
edde | AAI1S0d anpiIpa.d edde ) aAI1IS0d anpipaid
aA1}s0d aANsod
(Y¥A4gd mo ) ueJp|Iyo Uy L vXd4gd pererse yum uep(iyd

VXd4gd JO S|9A3] MO| puB PaleAd|a Joj wins 4S pue |G J0 sonslialorleyd Bulusaios

A 3lgeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Pediatr. Author manuscript; available in PMC 2015 October 06.



1duosnuey Joyiny 1duosnuepy Joyiny 1duosnuey Joyiny

1duosnuepy Joyiny

§P <.001.

Freedman et al.

J Pediatr. Author manuscript; available in PMC 2015 October 06.

Page 19



