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ABSTRACT

Multi-compartment body-composition models that divide the body into its multiple constituents are the criterion method for measuring body fat
percentage, fat mass, and fat-free mass. However, 2- and 3-compartment body-composition devices such as air displacement plethysmography
(ADP), DXA, and bioelectrical impedance devices [bioelectrical impedance analysis (BIA)] are more commonly used. Accurate measures depend on
several assumptions, including constant hydration, body proportion, fat-free body density, and population characteristics. Investigations evaluating
body composition in racial and ethnic minorities have observed differences in the aforementioned components between cohorts. Consequently,
for racial/ethnic minority populations, estimates of body composition may not be valid. The purpose of this review was to comprehensively examine
the validity of common body-composition devices in multi-ethnic samples (samples including >1 race/ethnicity) and in African-American, Hispanic,
Asian, and Native American populations. Based on the literature, DXA produces valid results in multi-ethnic samples and ADP is valid for Hispanic
and African American males when utilizing race-specific equations. However, for DXA and ADP, there is a need for validity investigations that
include larger, more racially diverse samples, specifically including Hispanic/Latinx, Asian, Native American adults, and African-American females.
Technology has advanced significantly since initial validity studies were conducted; therefore, conclusions are based on outdated models and
software. For BIA, body-composition measures may be valid in a multi-ethnic sample, but the literature demonstrates disparate results between
races/ethnicities. For BIA and ADP, the majority of studies have utilized DXA or hydrostatic weighing as the criterion to determine validity; additional
studies utilizing a multi-compartment model criterion are essential to evaluate accuracy. Validity studies evaluating more recent technology in
larger, more racially/ethnically diverse samples may improve our ability to select the appropriate method to accurately assess body composition in
each racial/ethnic population. Adv Nutr 2021;12:1854–1862.
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Introduction
The high rates of obesity and cardiovascular and metabolic
disease in minority populations (1–3) require a re-evaluation
of our ability to assess and manage body composition
effectively. According to the US Census Bureau, within the
next 40 y, >50% of the US population will consist of indi-
viduals who identify as a racial/ethnic minority. However,
many previous body-composition validation studies have not
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included minority populations or have failed to adequately
report race/ethnicity of study participants. These omissions
are important to consider as compartments of the body may
vary depending on race and ethnicity (4), potentially leading
to inaccurate assessments.

Body-composition assessments were established to ac-
curately estimate the various components of body mass
such as fat tissue, lean soft tissue, bone mineral content,
and total body water (TBW). Multi-compartment models
are currently considered the gold standard for molecular-
level body-composition estimation and have the ability to
account for multiple constituents, yielding more accurate
estimates than simpler methods (5, 6). However, multi-
compartment models require a minimum of 2 devices to
measure additional compartments of the body and may not
be the most feasible or practical technique. Therefore, single-
device 2-compartment (2C) models [i.e., air displacement
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plethysmography (ADP), bioelectrical impedance analysis
(BIA), bioelectrical impedance spectroscopy (BIS), and hy-
drostatic weighing (HW)] and 3-compartment (3C) models
(i.e., DXA) are more commonly utilized to estimate fat mass
(FM) and fat-free mass (FFM). Due to the measurement
of fewer body compartments, several assumptions must be
met for accurate estimates of body composition by these
methods. Depending on the device, the validity of measures
may be influenced by hydration, fat distribution, body
proportions, and fat-free body density (6, 7). Investigations
evaluating body composition in racial and ethnic minorities
have observed differences in fat distribution (i.e., visceral
vs. subcutaneous, intramuscular fat, trunk vs. limbs) (8–
10), fat-free body density (4), and body proportions (4)
between cohorts. Consequently, for racial/ethnic minority
populations, estimates of body composition, especially by 2C
models, may not be valid. The purpose of this review was to
comprehensively examine investigations that evaluate valid-
ity of common body-composition devices in healthy, multi-
ethnic samples (i.e., samples including >1 race/ethnicity),
African-American/Black, Hispanic, Asian, and Native Amer-
ican populations. Results of this review may improve our
understanding of what gaps exist in the current literature
for body-composition assessment validity in racial/ethnic
minority cohorts. Understanding the limitations of validity
studies may also improve the ability of researchers and
clinicians to select the most accurate method (Supplemental
Figure 1) to assess body composition depending on the
racial/ethnic composition of their study population, poten-
tially leading to better classification of obesity-related disease
risk.

Assessment of Validity
Validity is often evaluated by a combination of statistical
analyses with the primary aim of evaluating the difference
and relation between 2 measurements, with one typically
serving as a criterion method. When evaluating group means,
common statistical outcomes include mean difference (MD)
± SD, correlation coefficients (the relation between the
2 scores; e.g., Pearson’s r or the concordance correlation
coefficient), the coefficient of determination (r2; the amount
of variance shared by the 2 outcomes), total error (TE;
the average deviation of individual scores from the line of
identity, also known as root mean square error and pure
error), and standard error of the estimate (SEE; the degree
of deviation of the individual data points around the line of
best fit). Evaluation of whether the intercept and slope of the
line of best fit significantly deviate from the line of identity
(intercept = 0, slope = 1) is also common. For individual-
level differences, Bland-Altman analysis with the calculation
of the 95% limits of agreement (LOA; representing the 95%
likely reference range for the difference between method
estimations) is often conducted. Simple linear regression
analysis often accompanies the Bland-Altman analysis to
determine if the level of agreement between methods varies
based on the quantity of the variable being assessed (i.e.,
proportional bias). Therefore, for assessment of validity,

this review will include all reported statistical procedures.
For interpretation, we will follow the prediction error
subjective rating scale outlined by Heyward and Wagner (11).
Additionally, due to the limited data presenting validity of
ADP and DXA in multi-ethnic samples, studies with small
sample sizes (n = 2–8) of minority individuals were included.

Validity of DXA
DXA is widely considered as a valid method for measuring
body composition. Although few recent studies have ex-
plored the validity of DXA within racial and ethnic minority
populations, DXA devices are commonly used in large-scale,
field-based studies (i.e., NHANES) as well as in clinical
and laboratory settings. DXA devices measure FM, lean
soft tissue, and bone mineral based on the attenuation
of a dual-photon-energy low-dose X-ray beam. For valid
measures, the DXA relies on proper patient positioning
and accurate proprietary algorithms estimating soft tissue
in body compartments containing bone (7). Bone content
within a compartment is measured preferentially; therefore,
the fat tissue and lean soft tissue overlying the bony structures
are not measured directly (7). The estimation assumes
uniformity of soft tissue distribution in the limb and trunk
regions. Higher fat content within a region may be underes-
timated by DXA, influencing validity, specifically in the trunk
region (12). A large previous study (n = 15,908) observed
racial differences in fat distribution, with African Americans
demonstrating greater fat mass in the limbs compared with
Hispanic and White cohorts and Hispanic individuals having
greater trunk fat mass (9). These variations may contribute
to error of the DXA in racial and ethnic minorities. Validity
results of investigations evaluating the DXA in racial and
ethnic minority populations are presented in Table 1.

Validity within multi-ethnic samples
In a multi-ethnic sample of 23 individuals (White, Black,
Puerto Rican), the DXA (Lunar DPX model) measures
of FM demonstrated an excellent validity (MD of 1.51 ±
1.1 kg, SEE of 1.73 kg, and r2 of 0.972) compared with
the 6-compartment criterion method (5). A follow-up
investigation in a similar population found no significant
difference in percentage of fat (%fat) estimates (MD: 0.54%
± 2.4%; r = 0.983) between DXA (Lunar DPX v. 3.6)
and the 5-compartment model (13). A study evaluating a
fan beam DXA (QDR 4500A; Hologic) compared with a
4-compartment (4C) model in an older population reported
an SEE of 1.6 kg for measures of FFM, and a strong
correlation (r = 0.99) (14); however, it should be noted
that only 10% of the sample was African American In a
college-aged sample (36% Black) there were no significant
differences between DXA %fat (QDR 1000W; Hologic) and
the 4C model (MD: 0.4% ± 2.9%; r = 0.94; SEE = 2.8%)
(14). In the multi-ethnic samples presented, DXA estimates
demonstrated very good to excellent validity compared with
multi-compartment models (6). However, the sample sizes
were small and African Americans and Puerto Ricans are the
only minorities represented, accounting for 10–47% of the
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study sample population. Small studies (n = 10–30) should
be evaluated with caution, particularly if conclusions indicate
a method is valid for multi-ethnic samples and the study only
included 2–5 individuals who are a racial/ethnic minority.

Validity by race/ethnicity
An investigation evaluating Native American females re-
ported that DXA (Lunar DPX) measures of %fat demon-
strated good to very good validity compared with a 3C
density model (r2 = 0.785, SEE = 3.28%, TE = 3.27%) (19).
Conversely, 2 studies in black males (n = 30–39) found
no significant differences between DXA (Lunar DPX) and
4C %fat estimates (MD = −0.28% to 0.20%) (16, 17). In a
broad sample of 291 Asian males and females [BMI (kg/m2)
between 16 and 40], DXA (QDR 4500; Hologic) estimates of
%fat were underestimated compared with the 4C (18). South
Asian individuals have been shown to have greater visceral
adipose tissue content (8), which may contribute to error in
the trunk region estimate, decreasing %fat estimated by DXA
in this population. To our knowledge, studies investigating
the validity of DXA in Hispanic populations (20) and in
larger multi-ethnic samples (21) have not been conducted in
adults. Future investigations should evaluate the validity of
DXA, particularly in adult Hispanic/Latinx populations, as
well as in cohorts including both sexes for Black and Native
American populations.

Validity of ADP
ADP consists of a dual-chamber, sealed compartment with
an oscillating diaphragm that enables the device to quantify
body volume utilizing Poisson’s law (7). ADP assumes
constant density of FM (0.9007 g/mL) and density of
FFM (1.100 g/mL), which may be violated in racial/ethnic
minority samples (22–24). Recently, it has been observed that
Black individuals have greater FFM density (1.134 g/cm3)
and a higher ratio of bone mineral content to FFM com-
pared with White individuals; Hispanic individuals’ FFM
characteristics may not vary significantly from those of
White individuals (24). Differences in FFM characteristics
may introduce error when estimating total body density
and %fat from body volume using ADP, especially if
utilizing general population equations [i.e., Siri (25) or
Brožek et al. (26)] as opposed to race-specific body-density
equations in African-American/Black cohorts. The body-
density equations established by Schutte et al. (27) and
Ortiz et al. (28) may improve estimates in Black males
and females, respectively, by accounting for body-density
differences. However, previous research has predominantly
utilized general population body-density equations with
ADP. Validity results of investigations evaluating ADP in
racial and ethnic minority populations are presented in
Table 2.

Validity within multi-ethnic samples
In a sample of Black and White males, race did not
affect the accuracy of ADP (BOD POD; Life Measurement
Instruments) %fat compared with a 4C estimate (White:

1856 Blue et al.
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SEE = 5.3%; Black: SEE = 4.7%) (17); however, ADP
demonstrated poor validity and underestimated %fat for
both races. In a study in females (7% Black), ADP %fat
demonstrated good validity compared with a 4C model
(r2 = 0.92, SEE = 2.68%), although the very small number
of Black females in the sample may limit the relevance of this
finding to multi-ethnic populations (29). Several investiga-
tions have evaluated the validity of ADP using DXA as the
criterion. However, there is not enough evidence to justify
utilizing DXA as a criterion method in multi-ethnic samples;
therefore, these evaluations must be interpreted with caution.
In a sample of overweight/obese females (29% Black), ADP
FFM and %fat estimates were not significantly different from
DXA measures (FFM: MD = 0.98 ± 2.92 kg, r = 0.90;
%fat: MD = 1.56% ± 3.75%) (31). An investigation of
White and Asian/Asian Americans individuals (n = 11.4%)
determined that ADP %fat utilizing the Siri and Brožek
et al. equations was significantly different compared with
DXA; however, differences varied based on BMI category
(underweight: MD = 7.3%; normal: MD = 2.4%; over-
weight: MD = −1.48%) (30). In multi-ethnic populations,
the validity of ADP is variable depending on the level
of body fat of the population, the body-density equation
selected, and criterion method utilized. Future evaluation
of ADP should investigate validity compared with a multi-
compartment model criterion in larger samples with im-
proved representation of racial/ethnic minorities across BMI
categories.

Validity by race/ethnicity
In older Mexican males and females, ADP %fat was not
significantly different than a 3C criterion [Siri et al. (25)]
and had excellent validity (r2 = 0.97, SEE = 1.39%); how-
ever, when evaluated by sex, males had significantly more
variability in individual differences between methods (LOA
= −4.4% to 2.5%) compared with females (LOA = −3.2%
to 1.13%) (33). Similarly, in a larger sample (n = 202)
of older Mexican adults, ADP FM estimates demonstrated
very good validity compared with a 4C estimate (r2 = 0.93,
SEE = 2.3 kg) (32). These results are supported by the
previous finding that no significant differences exist between
White and Hispanic FFM characteristics. A study of 30 Black
males determined that ADP had very good validity for %fat
measures compared with DXA (r2 = 0.86, SEE = 2.84%),
with ADP slightly overestimating %fat (35). A large study of
445 Singaporean adults found ADP to significantly under-
estimate %fat compared with DXA (MD = 3.9%); however,
adjusting for age, ethnicity, and BMI improved results
(36). An investigation of 50 Japanese males demonstrated
ADP and DXA tracked body-composition changes similarly
following a diet or exercise intervention (�% DXA: −3.9% ±
2.9%; �% ADP: −3.9% ± 3.3%) (37). Very few studies
have investigated race-specific validity of ADP in minority
populations residing in the United States. In addition, to our
knowledge, no studies have investigated the validity of ADP
in Native Americans or Hispanic/Latinx individuals not of

Body-composition validity across races/ethnicities 1857



Mexican descent. Future studies should aim to evaluate race-
specific validity of ADP compared with a multi-compartment
criterion including both male and female minority adults
residing in the United States.

Validity of BIA
Single- and multi-frequency bioelectrical impedance devices
quantify TBW by measuring the resistance of body tissue
as an electrical current passes through the body (7). FFM
can then be estimated by assuming a constant TBW to FFM
ratio of 0.732. BIA estimations of TBW have previously
been validated against isotope dilution as the criterion (38,
39). However, BIA devices, notably those that use a single
frequency, are dependent on population characteristics such
as age, race, sex, and training status, which may vary greatly
when assessing multi-ethnic populations. Multi-frequency
BIS devices do not depend on population characteristics
by utilizing Cole plot analysis of impedance (reactance and
resistance) at multiple frequencies; BIS assumes specific
coefficients for resistivity of tissue, body proportion, and
body density. Several investigations have evaluated the
validity of bioelectrical impedance devices, primarily focused
on the validity of regression equations (Supplemental Table
1) created in large populations [i.e., Segal et al. (40) and
Lukaski et al. (41)] for use in special populations, including
various races (42, 43), elderly (44), children (45, 46), over-
weight/obesity (47) and diseased states (48). Initial studies
validated BIA %fat and FFM measures utilizing HW as the
criterion method; however, more recent investigations have
used DXA or a multi-compartment criterion. BIA devices
are commonly used as a field-based technique within the
fitness industry and athletics as well as in laboratory and
clinical settings. Validity results of investigations evaluating
bioelectrical impedance devices in racial and ethnic minority
populations are presented in Table 3.

Validity within multi-ethnic samples
A large study in Native American (n = 247), Hispanic
(n = 111), and White (n = 244) adults evaluated the validity
of previously published BIA equations for estimates of FFM
and reported excellent to poor validity depending on the
equation (SEE of 2.22–5.21 kg, TE of 2.28–7.23 kg) compared
with the HW criterion (49). However, HW is no longer
considered a criterion for validation of methods; therefore,
this study may not be appropriate for determination of
validity in these samples. A recent investigation utilizing a
4C model criterion evaluated a multi-frequency BIA device
(Seca Medical) regression equation in a multi-ethnic US
population (n = 130; Hispanic, Asian, Black, and White)
and reported TE between 1.9–2.2 kg for FFM (43). More
recent investigations have aimed to establish and validate
regression equations in multi-ethnic (Black, White, Hispanic,
≥2 races, Pacific Islander, Asian) samples of adolescents (45,
46) and adults (50), and found including race as a predictor
variable improved accuracy. However, a consensus on the
most appropriate regression equation to minimize mean

and individual error has not been established. significantly
limiting the application of BIA use in research and clinic.

Validity by race/ethnicity
Several studies have investigated the validity of BIA in
Asian populations including Chinese, Indonesian, Malay,
Indian, Singaporean Chinese, and Japanese participants. In
45 Indonesian adults, BIA (Seca 700) demonstrated large
%fat MD (4.8–8.0%) when compared with the Siri (25) 3C
model (51). In addition, in 298 Asian adults, BIA (Omron
BF36) demonstrated fair validity (r = 0.87; SEE = 4.5%)
compared with a 4C criterion (52). A study in 162 Indian
males investigating the validity of %fat measured by leg-to-
leg BIA (Beurer BF 60) and handheld BIA (Omron) found
strong correlations (r = 0.741–0.817) with DXA measures
and no significant difference between the leg-to-leg BIA
estimates (MD = 0.72%) and DXA, but a significant differ-
ence for handheld estimates (MD = 4.44%) (53). As Indian
cohorts may demonstrate greater fat in the trunk region (8),
their distribution of fat supports utilizing tetrapolar devices
as opposed to bipolar (leg-to-leg, handheld) for accuracy.
A larger difference was observed in a study of 200 Indian
adults between BIA (MC-180MA, Tanita Corporation) and
DXA %fat values depending on the race-specific equation
utilized (MD = 5.4–8.3%); both the White and Asian
equations underestimated %fat (54). Studies that have created
BIA regression equations in Chinese and Southeast Asian
populations have determined excellent validity for lean body
mass (MD = 2.8 kg, r2 = 0.97, TE = 0.133) when validated
against DXA (55). Similar to multi-ethnic populations,
incorporating race-specific equations is important for valid
estimates in Asian populations, but a consensus on the most
accurate method may depend upon the country of origin and
type of device used (i.e., tetrapolar, handheld vs. leg-to-leg).

Previous investigations assessing the validity in individ-
uals of African descent have used a variety of criterion
methods, thus limiting translation of these findings. Previous
studies in Black males (n = 20–37) investigating BIA have
demonstrated inconsistent validity compared with HW (56,
57). More recently, a study including 250 North African
adults cross-validated (n = 125) a newly created regression
equation and previously published equations compared
with isotope dilution and reported variable error between
equations for estimates of FFM (TE = 2.46–4.10 kg, LOA:
−8.71–7.03 kg) (58). In a similar investigation, 5 BIA
equation estimates of %fat were cross-validated with DXA
estimates in a sample of 74 African-American females and
found poor validity for all equations (SEE = 4.20–4.70%,
r2 = 0.39–0.52) (59). It has been reported in anthropologic
studies that Black individuals have longer extremities and
shorter trunk regions (4), which is particularly important
for accuracy of bioelectrical impedance; regression equa-
tions utilize a standardized limb length to height ratio for
measurements. Overall, bioelectrical impedance estimates in
Black participants have demonstrated poor validity; however,
further investigations assessing validity compared with a
multi-compartment criterion are limited.
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In Hispanic populations, the validity of BIA estimates
of body composition has not been thoroughly evaluated.
A study investigating BIA estimates of FFM utilizing the
Lukaski et al. (41) equation determined a significant differ-
ence in Hispanic females (n = 14, MD = −3.4 ± 2.6 kg)
but not males (n = 70, MD = 0.54 ± 3.4 kg) compared
with the DXA criterion; this could also be influenced by
the small female sample size (48). In 29 Hispanic females,
several BIA equations were evaluated and demonstrated
very good to excellent validity for FFM (SEE = 1.4–2.0 kg;
r2 = 0.76–0.90) (42). Previous investigations did not use
race-specific equations for Hispanic participants; therefore,
a study in 155 adults from Mexico created (n = 78)
and cross-validated (n = 77) a regression equation and
found BIA FFM demonstrated good validity (r2 = 0.92,
MD = 0.87 ± 2.84 kg) compared with ADP (62). Similar to
other ethnicities, current literature in Hispanic individuals
suggests BIA race-specific equations should be validated
against a multi-compartment model.

Validity of BIA in Native American participants has not
recently been evaluated. Rising et al. (60) evaluated the
validity of BIA FFM estimates using the manufacturer (BIA-
103; RJL Systems, Inc.) software (SEE = 6.89 kg) and a
newly created equation in Native Americans (SEE = 3.22 kg),
and determined that the race-specific equation improved
validity from poor to acceptable compared with HW. A
follow-up study in 151 Native American females deter-
mined race-specific and general BIA equations overesti-
mated FFM (TE = 2.00–4.86 kg, SEE = 1.69–2.8 kg)
compared with a multi-compartment criterion (61). As
BIA equations are widely used in research and clinic,
it is vital that future research assesses validity against
a multi-compartment criterion and evaluates race-specific
equations more consistently to allow for adoption of the most
accurate race-specific equation within each racial/ethnic
cohort.

Validity of BIS
Few studies have investigated the validity of multi-frequency
BIS body-composition measures in minority populations. A
study evaluating Black, White, and Hispanic adults (n = 150)
reported that 2 tetrapolar BIS devices (Inbody 320 and
Inbody 770) demonstrated significant mean differences in
females (MD = 2.99%), but not males (MD = 0.36%), and
poor validity compared with a 4C criterion (TE = 5.0–
5.5%) (63). A study in African American college-aged adults
(n = 143) showed BIS estimations were strongly correlated
for FFM (r = 0.911–0.918) and %fat (r = 0.717–0.871) to
ADP; however, additional validity statistics were not reported
(64). Future studies should evaluate the validity of BIS
measures in minority populations compared with the multi-
compartment criterion; the usage of BIS would eliminate the
need for population-specific regression equations, like those
used in BIA. However, BIS body-composition estimates still
rely on assumed FFM properties (e.g., TBW to FFM ratio of
0.73).

Summary and Conclusions
Although the minority population in the United States
is increasing and is projected to become the majority by
2060 according to the US Census Bureau, racial/ethnic
minorities are still underrepresented in body-composition
investigations (65, 66). Due to the relation between body
composition and cardiometabolic disease risk (67, 68), it is
vital to thoroughly investigate this component of health in
minority populations and determine if current assessment
methods are valid. Differences in body proportion, fat-
free body density, and hydration may have a larger effect
on the validity of body-composition devices in minority
populations than previously assumed. Based on the review
of literature, DXA is a valid method in a multi-ethnic
sample, if individuals are Caucasian/White and African
American/Black. However, there is insufficient evidence to
recommend use in Hispanic/Latinx and Asian adults, Native
American males, or African-American/Black females. ADP
is valid for Hispanic and African-American/Black males
when utilizing race-specific equations; however, results are
inconclusive in other racial/ethnic groups and sexes. For BIA,
body-composition estimates may be valid in a multi-ethnic
sample, but the literature demonstrates disparate results
between races/ethnicities. BIA may provide valid results in
Hispanic and Native American populations, as well as Asian
populations utilizing race-specific equations. However, BIA
is still not recommended for African-American/Black indi-
viduals based on current data. The lack of validation using
a multi-compartment model criterion limits the certainty of
conclusions, particularly regarding the validity of ADP and
BIA.

Before continued widespread implementation of each
body-composition device, there are several gaps in the
existing body of research that should be addressed. For the
DXA and ADP, there is a need for validity investigations that
include larger and more racially diverse samples, specifically
including Hispanic/Latinx and Asian adults, Native Amer-
icans, and African-American/Black females. The evidence
to conclude that DXA is valid in multi-ethnic samples is
lacking; the sample sizes of racial/ethnic minorities are
likely too small to truly evaluate. For DXA, in particular,
technology has advanced significantly since the initial va-
lidity studies were conducted, and therefore conclusions are
based on outdated models and software. For ADP, future
validity investigations should utilize a multi-compartment
model as the criterion as opposed to DXA, especially for
Asian individuals. For bioelectrical impedance, additional
studies validating BIS against a multi-compartment model
are essential to ensure accurate results. Studies in more
recent and improved BIA and BIS technologies should
be conducted in Native American, Hispanic/Latinx, and
African-American/Black individuals. Additional validity in-
vestigations may improve our ability to select the appropriate
method to accurately assess body composition in each
racial/ethnic population. This is essential for understanding
disease risk in society as a whole and improving exercise
and diet recommendations for disease prevention and
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management, as well as tracking changes from lifestyle
interventions.
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