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Abstract
Aim—Equations for estimating % fat mass (%BF) and fat-free mass (FFM) from bioelectrical
impedance analysis (BIA) that work in adolescent girls from different racial/ethnic backgrounds are
not available. We investigated whether race/ethnicity influences estimation of body composition in
adolescent girls.

Principal procedures—Prediction equations were developed for estimating FFM and %BF from
BIA in 166 girls, 10–15 years old, consisting of 51 Black (B), 45 non-Black Hispanic (H), 55 non-
Hispanic White (W) and 15 mixed (M) race/ethnicity girls, using dual energy x-ray absorptiometry
(DXA) as the criterion method.

Findings—Black girls had similar %BF compared to other groups, yet were heavier per unit of
height according to body mass index (BMI: kg·m−2) due to significantly greater FFM. BIA resistance
index, age, weight and race/ethnicity were all significant predictors of FFM (R2 = 0.92, SEE = 1.81
kg). Standardized regression coefficients showed resistance index (0.63) and weight (0.34) were the
most important predictors of FFM. Errors in %BF (~2%) and FFM (~1.0 kg) were greater when race/
ethnicity was not included in the equation, particularly in Black girls. We conclude the BIA-
composition relationship in adolescent girls is influenced by race, and consequently have developed
new BIA equations for adolescent girls for predicting FFM and %BF.
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Introduction
Pediatric overweight and obesity have increased at alarming rates over recent decades [1].
Concern over this trend has led to several initiatives, including the recent Surgeon General’s
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Call to Action [2] and efforts by WHO [3] which have focused attention on the need for better
screening methods as well as more effective strategies for obesity prevention and treatment.

Bioelectrical impedance analysis (BIA) is a simple, portable, and inexpensive method for
estimating body composition. Numerous studies [4] have demonstrated the reliability of
impedance measures and validity of BIA equations for estimating FFM and %BF in children
and adults, in adults, age, gender, race/ethnicity, and fatness have been shown to influence BIA
estimates of body composition [4]. In children, age, gender and fatness also influence BIA
estimates of body composition [4]; however, surprisingly few studies have been completed in
populations with multi-ethnic samples [4–7]. Consequently, whether race/ethnicity confounds
the BIA – body composition relationship in children and adolescents remains uncertain.

The aim of the present investigation was to develop an equation that includes measures from
BIA together with height and weight to estimate body composition in adolescent girls of
different races and ethnicities. A limitation of past studies in children and adolescents has been
the use of criterion methods that require invalid assumptions of chemical constancy, thereby
inflating the error in the criterion [8]. To minimize this problem, DXA was used as the criterion
method. DXA is based on a three-compartment model of body composition, requires fewer
assumptions than methods based on two-compartments, and therefore should be a more
appropriate criterion method in adolescents.

Subjects and methods
Subjects

This study was conducted as part of the development and feasibility study of the Trial of
Activity for Adolescent Girls (TAAG) [9]. Participants were recruited and measured at three
sites across the USA: Tucson, AZ, San Diego, CA, and New Orleans, LA. Data from the three
sites were pooled for analysis. Approval for the study was obtained from the respective IRB
committees at each of the three study sites. Written parental consent and written participant
assent were obtained for all subjects. The University of North Carolina at Chapel Hill served
as the coordinating center.

One hundred and sixty-six Black, White and Hispanic girls volunteered to participate. Girls
were enrolled in grades 6 or 8 and were between 10–15 years of age. Girls with a wide range
of values BMI were recruited. All measurements were conducted during a single visit to each
site’s laboratory. The girls had not eaten for ≥3 hours and were asked to wear clothing free of
metal and hard plastic, and to remove their shoes, jewelry, and hair clips.

Race and ethnicity—Race and ethnicity were based on girls’ self-reported race/ethnicity
using White (non-Hispanic), Black, Hispanic, Asian/Pacific Islander, American Indian or
other.

Methods
DXA—The criterion estimates of fat-free mass (FFM) and %BF were obtained from whole-
body DXA. Pencil-beam absorptiometers from the same manufacturer (Lunar/GE DPX-NT or
DPX-IQ) were used at each site. To minimize differences across sites, a standard protocol was
developed and operators were centrally trained in the proper procedures for obtaining and
analyzing scans. All scans were conducted and analyzed by a single technician at each site.
The densitometers were calibrated daily against the manufacturer’s standard calibration block.
Precision for whole body FFM for all three machines used in the study was ~1.0%. Subjects
were positioned according to the standard manufacturer’s instructions for whole-body scans,
which require them to lie supine with their arms by their sides, palms down, with their knees
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and ankles held together with Velcro straps. They were instructed to lie still and to refrain from
talking during the scanning process. Total scan time was approximately 10 minutes. Scans
were analyzed using the manual mode, following the manufacturer’s standard procedures for
defining the cut-points for each body region.

Anthropometry—Standing height was measured in stocking feet on a Schorr Height board
(Olney MD), and body weight was measured on a portable digital scale (Seca, Hamburg,
Germany). Calibration of the Seca scale was conducted before each testing session using a 5
kg weight. Body weight was recorded to the nearest 0.1 kg; height was recorded to the nearest
0.1 cm. Both weight (WT) and height (HT) were measured twice and their respective averages
were used in the analyses. Body mass index (BMI) was calculated from WT and HT.

BIA—Resistance (R) and reactance (Xc) were measured with the RJL Systems, Model
Quantum II, a four terminal single frequency (800 μA at 50 Khz) impedance plethysmograph
(RJL Systems, Detroit, MI) with an internal calibration system. Subjects wore light clothing
and were barefoot (or removed the shoe and sock from the right foot). The subject reclined in
a supine position on a measuring table or a floor mat with arms adjacent to, but not touching
the body, palms flat against the table, and legs adjacent to each other but not touching. Four
surface, self-adhesive spot electrodes were placed on the dorsal surface of the right hand and
on the dorsal surface of the right foot. Prior to electrode placement the skin was cleansed with
alcohol at the four locations for electrode placement. Resistance (R) and reactance (Xc) values
were determined on the right side of the body. After the electrodes had been positioned, two
readings were recorded. Differences between readings were small, ranging from 0–5 Ω. The
mean of two readings for R and Xc was used in the analysis. Resistance index (RI = HT2/R)
was calculated from HT and R.

Statistical analysis—Body composition variables were compared by analysis of variance
(testing main effect of race/ethnic group). Linear regression parameter estimates (slope and
intercept) from the prediction of DXA FFM and %BF from BIA measures (RI and Xc), with
covariate adjustment for weight and age were compared between groups by testing the
significance of the main effect of race/ethnic group and its interaction with RI or Xc. The
hypothesis of a difference in regression parameters among all groups was tested at the 0.05
level. If this first step was statistically significant, then pairwise comparisons between groups
was tested. Estimates of FFM and %BF are based on the least squares means. Analyses were
done with SAS (version 8.2; SAS Institute Inc, Cary, NC).

Results
The physical characteristics of the sample are shown in Table 1. Black girls had significantly
greater FFM (10–13%) and significantly lower resistance (37–48% less) than Hispanic, White
and mixed race/ethnicity girls. There were no significant differences among groups in other
body composition measures. Percent body fat for the entire sample averaged 27.9±10.4%.

The results of the regression analyses with FFM and %BF as dependent variables are given in
Table 2. BIA resistance index (RI), age, weight, and race/ethnicity were all significant
predictors of FFM and %BF. BIA reactance was a significant predictor (P<0.02) of FFM only
when the race/ethnicity contrast was not included in the equation. The interactions of race/
ethnicity with RI and reactance were not significant. Of these predictors, the standardized
estimate for RI was the largest in the model predicting FFM. The standardized estimate for
weight, followed by RI, was the largest in the model predicting %BF. As shown in Figure 1,
the residuals from the model predicting FFM were significantly correlated (r = 0.27) with FFM,
and there was a trend to overestimate FFM at lower levels and underestimate FFM at higher
levels of FFM (Fig. 1). Similarly, residuals from the model predicting percent fat were
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significantly correlated (r = 0.46) with %BF (Fig. 2), and there was a trend to overestimate %
BF at lower levels and underestimate %BF at higher levels.

To estimate the effect of race/ethnicity differences on estimates of FFM, adjusted means from
the regression model with age, WT, RI and the race/ethnicity contrast were compared to the
unadjusted means shown in Table 1. The FFM adjusted means were 36.78 kg for Black girls
and 35.18 kg for the other groups. Thus, with age, weight and resistance index held constant,
Black girls had approximately 1.6 kg more FFM compared to Hispanic, non-Hispanic and
mixed race/ethnicity girls. Without the race/ethnicity contrast, the Black girls’ average FFM
would be underestimated by 0.8 kg whereas all other groups would be overestimated by 0.8
kg in comparison to the average criterion measure.

Given the curvilinear appearance of the plot of the residuals of predicted %BF against the
criterion (Fig. 2), we examined additional models for estimating %BF that included quadratic
terms. Models with 1) WT, WT2, RI and race, 2) WT, WT2, HT, resistance and race, and 3)
BMI, BMI2, resistance and race were tested. Of these models, model 3 gave the best prediction,
and BMI, BMI2, resistance and race were all significant (P<0.0001) predictors of %BF. The
regression equation was as follows:

% BF = 5.9358 (BMI) − 0.0739 (BMI2) + 0.0481 (R) − 2.6452
(race; Black = 1, non − Black = 0) − 94.0480

In comparison to the model with weight, age, RI and race (Table 2), the adjusted R2 was
improved from 0.77 to 0.88 and the root mean squared error (RMSE) was reduced from 4.97
to 3.55%. The correlation between the percent fat residuals and DXA %BF was reduced from
r=0.46 to r=0.34 (P<0.0001) and the slope from 0.04 to 0.03 (P<0.0001).

Discussion
The results of this study support the validity of BIA for estimating body composition in
adolescent girls, and demonstrate the advantage of including an adjustment for race in the
estimation equation. In this study, the addition of a race/ethnicity contrast improved the
estimation of FFM in Black girls. For the same age, weight and RI, Black girls had
approximately 1.6 kg more FFM compared to Hispanic, non-Hispanic and mixed race/ethnicity
girls. The effect was apparently one of race rather than ethnicity, as contrasts comparing
Hispanic and non-Hispanic girls were not significant. Ignoring the race effect would result in
under-estimation of FFM in Black girls, even with weight, age, and RJ in the equation, whereas
our findings suggest the relation of RI to FFM is similar in Hispanic and non-Hispanic girls.
Morison et al [5], in a study designed to develop equations for use in the NHLBI’s National
Growth and Health Study [10], also recommended race-specific equations to estimate FFM in
Black and White girls. Rather than including race as a predictor and testing its significance,
however, as we did, Morrison et al [5] developed separate equations in Black and White girls
and made their recommendations based on the findings of different regression estimates for
the predictor variables and differences in the best set of predictors. They also derived an
equation for White girls using the same variables that contributed to the best equation for Black
girls. Using that equation [7] with the mean values for predictors in White girls, we estimated
the FFM for a given RI was 0.8 kg greater in Black girls than White girls, which was less than
the 1.6 kg difference found in the present study although in the same direction.

Previous validation studies of BIA in children and adolescents have reported multiple
correlation coefficients (R2) ranging from approximately 0.85 to 0.95 and estimation errors
(RMSE) ranging from approximately 1.5 kg to 3.0 kg for FFM and 2.5% to 4.0% for %BF
[4–6,8,11,12]. Our multiple correlation coefficients and RMSE compared favorably with ones
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reported from other studies. Results among studies vary because of sampling differences and
sample sizes, selection of independent variables, and differences in criterion methods.
Typically RI is derived from height and bio-resistance because of its theoretical relationship
with body water and FFM, although in some equations they have been entered as separate
predictors. In some studies, BIA has been combined with anthropometric measures in addition
to height and weight (eg skinfolds) and the addition of these variables sometimes improves
prediction accuracy [5,7]. We did not introduce additional anthropometric variables since we
were interested in whether BIA measures, combined only with weight and height, predicted
body composition similarly in girls of different races and ethnicities. It is possible that the
prediction errors would be improved with the inclusion of additional anthropometric variables,
and that the race/ethnicity contrast would no longer be needed, although in practice it may be
simpler to include the contrast rather than undertake additional anthropometry. While the
accuracy of %BF estimation was improved when BMI and BMI2 were used as predictors, the
race/ethnicity contrast remained significant.

Few studies in adolescents have examined whether race and ethnicity influence the estimation
of FFM and %BF from BIA, although our finding of an important effect of race/ethnicity is
not without precedent. As noted above, Morrison et al [5] developed race specific equations
in Black and White girls, but did not directly test the race effect on BIA estimates of FFM and
did not study Hispanic girls. In a study of BIA in American Indian elementary age school
children, Lohman et al [7] cross-validated equations that had been developed primarily in White
boys and girls. All of the previously published equations applied in that sample under-predicted
%BF, suggesting that population-specific equations were needed to accurately estimate body
composition from BIA in American Indian children. In a heterogeneous sample of 125 Whites
and 89 Blacks with wide age (14–53 y) and BMI (18–50 kg·m−2) ranges, Schoeller and Luke
[13] found significantly different beta-coefficients modifying the resistance index for Blacks
and Whites and recommended separate regression equations for estimating total body water in
these groups. Other studies in adults have reported racial differences in the relationship between
body mass and bioelectrical impedance [14,15] and race-specific BIA equations are commonly
recommended in adults [4,8]. The reason for the significant effect of race on BIA-derived
estimates of composition is not clear. Racial differences in FFM composition (eg, water, protein
and mineral fractions of FFM) are known to exist that contribute to model error depending on
the criterion method that is employed [8,16–18]. Model error should not have been a significant
factor in this study because we used DXA and a three-component model of composition that
should minimize model error in adolescent girls. There are also racial differences in body
proportions. Blacks have a greater tendency toward mesomorphy and greater appendicular
skeletal muscle [19] and, on average, have shorter trunks and longer extremities [19–22] and
smaller bi-iliac and bi-trochanteric widths relative to stature [23] than Caucasians. These
anthropometric differences between races could have a significant effect on the estimation of
FFM and %BF by BIA since total body resistance is largely determined by segmental
resistances in the extremities [24]. Whether racial differences in electrical properties exist that
contribute to differences in BIA estimates of composition is uncertain. However, the results of
Schoeller and Luke [13] contradict this possibility. In their work, equations validated for
African-Americans did not work in Jamaicans of African origin and Nigerians, whereas
equations validated in Whites performed well. Thus, racial differences in BIA prediction
equations do not appear to be due to simply differences in electrical properties. Based on their
observation that race was a significant predictor (along with resistance index) of total body
water only when body weight was included in the regression equation, Schoeller and Luke
[13] suggested the racial effect was an effect of the composition of excess weight rather than
an effect of electrical properties.

Our finding of significant correlations between FFM and %BF residuals and the criterion
measures has been reported previously in adults and children and youth [5,7,25–27]. For
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example, both Morrison and Lehman reported that BIA equations were related to fatness in
Black and White [5], and American Indian [7] children and youth. In those studies, as in this
study, the performance of the equations was reasonable despite the correlations with the
residuals. Morrison et al. [5], suggested that total body water (the major constituent of FFM)
may predict FFM differently in obese and non-obese girls. Certainly hydration of FFM differs
between obese and non-obese persons [27], but whether hydration differences explain the effect
of body fatness on BIA prediction equations remains uncertain. In adults, fatness-specific
equations have been published [26,28]. To our knowledge, fatness-specific equations have not
been developed for children and youth. In American Indian children, Lohman et al. [7] found
a significant interaction between resistance index and triceps skinfold which may provide a
means of accounting for the potential change in the relationship of BIA to body composition
in fatter persons. The utility of incorporating skin-fold thicknesses and other anthropometric
measures for estimating body composition across a range of fatness levels in children and
adolescents deserves further investigation. While the use of BMI and BMI2 to predict %BF
along with bioresistance reduced the correlation between the %BF residuals and the criterion,
a significant correlation remained.

In summary, we conclude that population-specific equations are necessary to obtain the most
accurate estimates of body composition from BIA in Black and White adolescent girls. Whether
the need for different equations in these populations arises from differences in body
proportions, tissue electrical properties, or some other factors, remains to be determined. Future
studies designed to address this issue are needed. Studies recruiting different racial groups with
criterion measures based on multiple component models that account for racial differences in
FFM composition, and that include measures of body proportions along with whole body and
segmental BIA parameters, should help identify factors underlying racial differences in BIA-
body composition relationships, and, ultimately lead to more accurate prediction equations.
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Figure 1.
Plot of fat-free mass residuals against criterion fat-free mass from DXA (showing ± 2 × Root
mean standard error)

Going et al. Page 9

Int J Body Compos Res. Author manuscript; available in PMC 2007 September 11.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
Plot of percent fat residuals against criterion percent fat from DXA (showing ± 2 × Root mean
standard error
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Table 1
Sample descriptive statistics (X̄ ± sd)

Subjects
Characteristics Black Non-Black Hispanic Non-Hispanic White Mixed

n51 n45 n55 n15

Age (y) 12.0 + 1.1 12.3 + 1.1 12.1 + 1.3 12.5 + 1.0
Weight (kg) 56.4±18.4 52.1±14.9 50.0±14.3 51.6±14.7
Height (cm) 155.5±7.7 153.8±7.9 154.9±8.9 152.7±7.1
BMI (kg·m2) 23.1±6.4 21.8±5.3 20.6±4.8 21.9±5.1
DXA-FFM (kg) 38.3±7.1* 34.3±6.1 34.9±6.8 33.7±5.6
DXA-%BF 27.2±11.2 29.5±10.8 26.4±9.1 30.5±10.3
R(Ω) 608±81* 652±78 643±86 654±72
Xc(Ω) 62±8 62±5 61±8 65±7
RI(cm2·Ω−1) 40.6±7.5 37.1±7.1 38.2±7.5 36.2±5.9

Abbreviations: R, resistance; Xc, reactance; RI, resistance index (height2/R)

*
P<0.05 for comparison between Blacks and all other groups.
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Table 2
Parameter estimates from multiple linear regression analyses of DXA fat-free mass (FFM) and DXA-% fat (%
BF) among girls 10–15 years of age

Variable Parameter estimate(SE) P Value Standardized estimateb

Fat-free mass
Intercept −2.43 (1.550) 0.119 0
Race/ethnicitya 1.59 (0.323) <0.0001 0.11
Weight (kg) 0.15 (0.017) <0.0001 0.35
Age (y) 0.81 (0.136) <0.0001 0.14
RI (cm2·Ω−1) 0.52 (0.037) <0.0001 0.56
Adjusted R2, % 93
Root mean standard error (RMSE) 1.85

Variable Parameter estimate(SE) P Value Standardized estimateb

Percent fat
Intercept 22.87 (4.169) <0.0001 0
Race/ethnicitya −3.33 (0.870) <0.0002 −0.15
Weight (kg) 0.85 (0.045) <0.0001 1.31
Age (y) −0.82 (0.367) 0.0272 −0.09
RI (cm2·Ω−1) −0.76 (0.101) <0.0001 −0.54
Adjusted R2, % 77
Root mean standard error (RMSE) 4.97

a
Race/ethnicity contrast: African-American = 1, others = 0.

b
Standardized regression coefficient

Int J Body Compos Res. Author manuscript; available in PMC 2007 September 11.


