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Abstract

The body adiposity index (BALI; hip circumference (cm)/height (m)1-> — 18) has recently been
shown to demonstrate a stronger correlation with percentage body fat (%fat) than that between the
BMI and %fat in Mexican-American adults. Here, we compare the concordance between %fat
from dual-energy X-ray absorptiometry (DXA) and BAI, and between %fat and BMI, in
European-American adults (n = 623). Agreement between BAI, BMI, and %fat was assessed using
Lin’s concordance coefficients (pc), where values <0.90 are considered poor. In the sample as a
whole, the agreement between BAI and %fat (p; = 0.752) was far better than that between BMI
and %fat (pc = 0.445) but was nonetheless relatively poor. There were large mean differences in
%fat between the BAI and DXA %fat, particularly at lower levels of adiposity (<20%), and further
the BAI overestimated %fat in males and underestimated %fat in females. Optimizing the BAI
formula for our sample only marginally improved performance. Results of the present study show
that BAI provides a better indicator of adiposity in European-American adults than does BMI, but
does not provide valid estimates of %fat, particularly at lower levels of body fatness. Further
research is warranted to investigate the predictive ability of BAI for various health outcomes.

The BMI is used ubiquitously to assess weight independently of height, allowing
comparison of weight among individuals of different heights. The limitations of the BMI
have been well documented (1,2), yet it remains the principal measure used to predict excess
adiposity. Other anthropometric measures (e.g., waist circumference-to-height ratio) have
been developed (3), but none has received the same acceptance as BMI in the clinical or
research setting.
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A new measure, the body adiposity index (BAI), has recently been proposed by Bergman et
al. (4) to provide valid estimates of percentage body fat (%fat) in adults:

BAI(%fat)=Hip circumference(cm)/height(m)*® — 18 (1)

This equation was developed in a sample of Mexican-American adults. Percentage body fat
from dual-energy X-ray absorptiometry (DXA) was used as the criterion measure of body
fatness. The reported correlation of BAI with %fat (p = 0.790) was higher than that of BMI
(p = 0.569), although the authors did not test whether this difference in correlation
coefficients was statistically significant. Also, the agreement between BAI and %fat from
DXA was rather poor at lower levels of adiposity. Bergman et al. found similar results when
cross-validating the BAI in a sample of African-Americans (4).

The utility of the BAI in other populations relies on the assumption that it not only correlates
with but also accurately predicts %fat in those populations. The present study will test the
concordance of the BAI with measured %fat in a sample of European-American adults to
determine whether the BAI performs better than BMI as an indicator of adiposity. The BAI
formula will also be optimized for this population to see if this improves performance.

METHODS AND PROCEDURES

The sample consisted of 623 (332 females) European-American individuals born between
1942 and 1990 in Southwestern Ohio, and who were enrolled in the Fels Longitudinal Study
(5). The analysis sample was selected on the basis of having complete anthropometric data
(weight, height, and abdominal and hip circumferences) and total body fat from DXA
(Lunar DPX scanner; software version 3.4; Lunar, Madison, WI) at the same study visit (i.e.,
on the same day) between 20 and 50 years of age. The data presented here were collected
between 1990 and 2011.

BMI (weight (kg)/height (m)?), %fat, and BAI (equation 1) were calculated. To optimize the
BAI for the Fels Longitudinal Study sample (denoted BAIggs), @ number of exponent values
between 1.0 and 2.0 were tested to determine which of them resulted in an index (e.g., hip
circumference/height") that was best correlated with %fat. After deciding on the exponent,
linear regression of %fat on the index was used to estimate the best intercept and slope. The
resulting BAlgg|s equation is given as:

BAI,, (%fat)=1.26 x (hip circumference(cm)/height(m)**) — 32.85 (2)

The agreement between BAI, BAlges, BMI, and %fat was assessed using Lin’s concordance
correlation coefficient (pc) (6). The pc evaluates both the precision and accuracy of the
relationship between two measurement methods, and is the product of the correlation
coefficient (p) between paired measures and a bias correction factor (Cp) that measures how
far the best-fit line between them deviates from the 45° line. If the concordance correlation
coefficient equals one then there is perfect agreement between two variables; in this
particular study this would mean that BAI provides a perfect estimate of %fat. Hotelling’s t-
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test for correlated correlations was used to test whether the correlation between BAI (or
BAIgeis) and %fat was significantly different from that between BMI and %fat. Paired
sample t-tests were used to test differences in mean %fat between both BAI and BAIges and
measured %fat in the sample as a whole, within each sex, and also within specific ranges of
%fat. In addition, sex-specific general linear regressions of BAI, BAlggs, and also BMI on
measured %fat were performed to determine the amount of variance in %fat explained by
each anthropometric index.

The study sample varied greatly in adiposity. Mean (s.d., range) for BMI was 25.7 kg/m?
(5.1, 15.9-46.9), and mean (s.d., range) for %fat was 28.3% (9.3, 6.5-53.2). Compared to
the Mexican-American sample used to create the BAI (4), the mean BMI in the present

study was ~4.0 kg/m? lower and the mean age of 34.9 years was approximately the same.

In the sample as a whole, within each sex, and within most specific ranges of DXA %fat,
mean %fat estimated by both BAI and BAlss was significantly different from DXA
measured %fat (P values <0.001) (Table 1). Both the BAI and BAIlg s Overestimated %fat
in males and underestimated %fat in females. At lower levels of adiposity (<20%), BAI and
BAIges greatly overestimated %fat by as much as 20-50%, while at higher levels of
adiposity (>40%) they underestimated %fat by ~5-10%. Optimizing the BAI for this
population marginally improved its ability to predict %fat. At more typical and higher levels
of adiposity (20-55%), the mean difference in %fat between BAlgqs and DXA was within
~8%, compared to ~15% for BAI. The BAIggs performed better than BAI at higher levels of
adiposity. For example, within the most adipose individuals (45-55 %fat), when the DXA
measured %fat was compared to the estimated %fat using BAlggs or BAI, the BAlgg|s
underestimated %fat by only 2.4% (i.e., 45.5 vs. 47.9%), while BAI underestimated %fat by
6.8% (i.e., 41.1 vs. 47.9%).

The concordance of BAI to %fat in European-American adults in the present study was
0.752. Using the cutoffs proposed by McBride (7) this figure indicates poor agreement. The
BAIEg|s, expectedly, demonstrated a greater degree of concordance with %fat (p = 0.815)
than did BAI (pc = 0.752), although it was still less than the <0.90 cutoff used to define poor
agreement. The BAI and BAlgs performed similarly when predicting %fat when stratified
by sex. Both the BAI and the BAIgg s showed markedly better concordance with %fat than
did BMI (p¢ = 0.445), although when the analysis was split by sex, the correlation between
BAI (or BAlges) and %fat was not significantly different from that between BMI and %fat.
Also, when sex specific regressions were performed, the variance in %fat explained by BAI,
or BAlggs, or BMI were 51.9, 53.4, and 53.0%, respectively, for men and 56.8, 57.6, and
55.5, respectively, for women.

Discussion

In this short communication, we test the ability of the BAI to predict %fat in a sample of
European-American adults. Our primary finding was that, although the BAI is inaccurate at
low levels of adiposity and demonstrates generally poor agreement with %fat, in the sample
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as a whole it had a better concordance and significantly stronger correlation with %fat than
that between BMI and %fat.

By modifying the BAI to create a hip circumference-for-height index that best approximated
%fat in adults in the present study, a more complex equation was developed, although
agreement with %fat was only marginally improved. The formula of the BAI, therefore,
appears to be relatively robust, and at least in this sample of European-American adults a
more complex and therefore limited equation is unnecessary. The bias correction factor
between the BAI and %fat in the present study (Cy, = 0.908) was comparable to that between
BAI and %fat in the Bergman et al. study (Cy, = 0.986). The bias correction factor is not,
however, by itself a complete measure of agreement between two variables, and, as with the
present study, the agreement between BAI and %fat in the Bergman et al. study may have
also been poor.

Findings from both this study and from that by Bergman et al. show that the BAI greatly
overestimates %fat at lower levels of adiposity, provides better estimates between 20-35%
body fat, and underestimates %fat at higher levels of adiposity. Indeed, the original paper
also showed 95% limits of agreement of ~10% body fat, which denotes poor agreement.
More complicated equations that use anthropometry to predict %fat in adults also exhibit
significant error. For instance, BAI underestimated mean %fat by 6.8% within the most
adipose adults in the present sample, and this is not largely different from the 4.6%
difference found between the Jackson & Pollock (8) equation and DXA assessed %fat
reported by Clasey et al. 9), or between anthropometry predicted %fat and objectively
assessed %fat in other published studies (10,11).

Our conclusion here is that the BAIl may have an advantage over BMI for ranking
individuals in terms of adiposity, but it does not represent a surrogate measure of %fat in
European-American adults. In the current sample, BAI had a significantly stronger
correlation with DXA measured %fat than did the BMI, but the concordance with measured
%fat was poor. The BAI also overestimated %fat in men but underestimated in women, and
was particulary inaccurate at lower levels of adiposity.

Some would argue that %fat is not an ideal outcome as it includes the fat mass component in
both the numerator and denominator and therefore overadjusts for weight (12). Perhaps
development of a fat (kg)/height™ index that is uncorrelated with height would be a better
outcome. That approach would have, however, not allowed a direct comparison to the
Bergman et al. study. Rather than trying to improve the BAI, another option is to accept its
limitations as a predictor of total body adiposity, but recognize and test its strengths over
BMI as an indicator of excess adiposity and disease risk. The findings of this study suggest
that this is where BAI may have the most utility, and further research is warranted to
investigate the relationship of the BAI to depot specific fat and also the predictive ability of
BAI for various health outcomes compared to that of other measures, including BMI.
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