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Abstract

Objective The purpose of the present secondary analysis
study was to investigate the ability of the body adiposity
index (BAI) to detect changes in % body fat levels before
and after a weight loss intervention when compared to %
body fat levels measured using dual-energy X-ray
absorptiometry (DXA) and to examine the relationship
between the BAI with cardiometabolic risk factors.
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Methods The study population for this secondary analysis
included 132 non-diabetic obese sedentary postmenopausal
women (age: 57.2 + 4.7 years, BMI: 35.0 + 3.7 kg/m?)
participating in a weight loss intervention that consisted of
a calorie-restricted diet with or without resistance training.
We measured: (1) visceral fat using CT-scan, (2) body
composition using DXA, (3) hip circumference and height
from which the BAI was calculated, and (4) cardiometa-
bolic risk factors such as insulin sensitivity (using the
hyperinsulinemic-euglycemic clamp), blood pressure as
well as fasting plasma lipids, hsC-reactive protein (CRP),
leptin, and glucose.

Results  Percent body fat levels for both methods signifi-
cantly decreased after the weight loss intervention. In
addition, the percent change in % body fat levels after the
weight loss intervention was significantly different between
% body fat measured using the DXA and the BAI
(—4.5 £ 6.6 vs. —5.8 £5.9%; p = 0.03, respectively).
However, we observed a good overall agreement between
the two methods, as shown by the Bland—Altman analysis,
for percent change in % body fat. Furthermore, similar
correlations were observed between both measures of %
body fat with cardiometabolic risk factors. However,
results from the multiple linear regression analysis showed
that % body fat using the BAI appeared to predict car-
diometabolic risk factors differently than % body fat using
the DXA in our cohort.

Conclusions Estimating % body fat using the BAI seems
to accurately trace variations of % body fat after weight
loss. However, this index showed differences in predicting
cardiometabolic risk factors when compared to % body fat
measured using DXA.
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Introduction

Obesity is widely recognized as an important risk factor for
the development of metabolic complications such as insu-
lin resistance, hypertension, and dyslipidemia, which may
increase the risk of cardiovascular diseases and type 2
diabetes [8, 9]. The risk of developing obesity-related
complications could be proportional to the degree of
obesity and more specifically to android fat accumulation
[3]. Several methods have been developed to measure %
body fat such as the dual-energy X-ray absorptiometry
(DXA), which could be considered as the gold-standard
method in clinical research [16]. However, this method is
expensive and not practical in a clinical routine setting or
large epidemiological studies. Bioelectrical impedance
analysis is a noninvasive and simple method that has also
been used for the measurement of % body fat. However,
several studies have reported contradictory results with the
accuracy of bioelectrical impedance analysis for the mea-
surement of % body fat with the DXA in adults and chil-
dren [4-7, 14, 15], and thus health professionals may want
to proceed with caution. Finally, the body mass index is
routinely used as a clinical marker for the identification of
obese subjects; however, this method lacks accuracy for the
assessment of % body fat [13, 17, 18]. Therefore, other
simple, accurate, and inexpensive methods are needed to
estimate body fat percentage for clinical and epidemio-
logical research.

Interestingly, a potential method in estimating body fat
percentage using height and hip circumference has been
proposed by the study of Bergman et al. [1]. The authors
developed the body adiposity index (BAI) using the fol-
lowing equation to determine estimated % body fat:
BAI = Hip/Height 1.5-18. In that study, the BAI was
shown to be strongly associated with % body fat using
DXA (r = 0.85; p < 0.001) in a population of Mexican-
Americans and African-Americans. Moreover, the rela-
tionship between % body fat using DXA and the BAI was
comparable for men and women. In addition, the BAI
offers an additional advantage since the use of body weight
is not required, which strengthens the practical use of this
index.

However, to our knowledge, the possible association
between % body fat, estimated using the BAI, with car-
diometabolic risk factors and the ability to detect changes
in % body fat by way of weight loss has not been inves-
tigated. Such research may give us a better understanding
on the potential use of this index to examine health out-
comes such as cardiovascular diseases and type 2 diabetes.
Therefore, in order to provide additional essential elements
supporting the use of this surrogate measure of % body fat,
the purpose of the present study was (1) to examine the
ability of the BAI to detect changes in % body fat levels
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before and after a weight loss intervention when compared
to % body fat levels measured using a DXA and (2) to
determine if both measures of % body fat have comparable
associations with cardiometabolic risk factors in a popu-
lation of sedentary obese postmenopausal women, a group
at increased risk for developing metabolic complications.

Methods
Subjects

The present study is a secondary analysis of two 6-month
weight loss studies with identical interventions and
inclusion criteria [2, 10-12], i.e., the weight loss study
from the MONET group (n = 84) and the weight loss
study from the CAO group (n = 48). The study sample
consisted of 132 obese postmenopausal women aged
between 46 and 69 years old. Out of the 132 subjects, 100
were randomized in the calorie-restricted diet group and
32 in the calorie-restricted diet group with resistance
training. The studies were approved by the Universite de
Montreal ethics committee. After reading and signing the
consent form, each participant was invited to the Meta-
bolic Unit for a series of tests. Methods for body com-
position, anthropometrics (hip and waist circumference),
visceral fat, blood samples, blood pressure, and insulin
sensitivity were determined as previously described [2,
10-12]. Briefly, insulin sensitivity was measured using the
hyperinsulinemic-euglycemic clamp technique. A GE
High Speed Advantage CT scanner (General Electric
Medical Systems, Milwaukee, WI) was used to measure
visceral fat content. Serum concentrations of total-cho-
lesterol, LDL-cholesterol, HDL-cholesterol, triglycerides,
and glucose were analyzed using the COBAS INTEGRA
400 (Roche Diagnostic, Montreal, Canada). Serum levels
of high sensitivity C-reactive protein (hsCRP) were
assessed by immunonephelometry on IMMAGE analyzer
(Beckman-Coulter, Villepinte, France); the inter- and
intra-assay variations were below 5%. Serum leptin levels
were measured by a commercial radioimmunoassay (Linco
Research, St-Charles, MO, USA); the intra- and inter-
assay variations were below 10 and 15%, respectively. In
addition, weight loss intervention protocols that consisted
of a calorie-restricted diet with and without resistance
training were performed as previously described [2, 12].
Women were included in the study if they met the fol-
lowing criteria: (1) body mass index of 30 kg/m? or more,
(2) cessation of menstruation for more than 1 year and a
follicle-stimulating hormone level >30 U/L, and (3) free
of known inflammatory disease. On physical examination
or biological testing, all participants had no history or
evidence of: (1) cardiovascular disease, peripheral vascular
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disease, or stroke, (2) diabetes (fasting glucose
<7.0 mmol/L. and 2-h post 75 g OGTT < 11.1 mmol/L),
and (3) medications that could affect cardiovascular
function and/or metabolism.

Body fat percentage measurement and estimation
Body composition

Body weight, % body fat, and lean body mass were mea-
sured using dual-energy X-ray absorptiometry (General
Electric Lunar Corporation version 6.10.019, Madison,
USA).

Body adiposity index (BAI)

Percent body fat levels were also estimated using the BAI
[1]. This method uses hip circumference (in cm) and
height (in m) to estimate % body fat. The authors
developed the following equation to determine estimated
% body fat: BAI = Hip/Height 1.5-18. In that study, the
BAI was shown to be strongly associated with % body fat
using DXA (r = 0.85; p < 0.001). This index was vali-
dated in a population of Mexican-Americans (age:
35 years, BMI: 29.5 kg/mz, % body fat: 33.2%) and
African-Americans (age: 35 years, BMI: 30.0 kg/m?, %
body fat: 29.7%).

Statistical analysis

Data are expressed as the mean =+ standard deviation. A
paired t-test was performed to compare pre and post %
body fat values as well as percent change in % body fat
between the DXA and the BAI Pearson correlations were
performed to examine the relationship between percent
change in % body fat levels and percent change in
cardiometabolic risk factors. In addition, a stepwise multi-
linear regression analysis was performed to identify pre-
dictors of percent change in visceral fat, LDL-cholesterol,
HDL-cholesterol, triglycerides, insulin sensitivity, blood
pressure, hsC-reactive protein (hsCRP), and leptin. Inde-
pendent variables considered in the final model for all of
the previous cardiometabolic risk factors were percent
change in % body fat, visceral fat, LDL-cholesterol,
HDL-cholesterol, triglycerides, insulin sensitivity, blood
pressure, leptin, and hsCRP. It should be noted that we
used two separate models for each cardiometabolic risk
factor that either included % body fat from the DXA in
one model and the BAI in another model as an inde-
pendent variable. This analysis was performed in order to
examine if % body fat using both methods predicted
cardiometabolic risk factors similarly. Finally, Bland and
Altman analysis was performed to evaluate the extent of

agreement between both methods for % body fat. Statis-
tical analysis was performed using SPSS for Windows
version 19 (Chicago, IL, USA). Significance was accepted
at p < 0.05.

Results

Physical and metabolic characteristics of the 132 obese
postmenopausal women are presented in Table 1.

There were no differences in % body fat levels between
the calorie-restricted group with resistance training and the
calorie-restricted only group using both measures of %
body fat before and after the weight loss intervention (data
not shown). Therefore, we pooled all data from both
groups.

Table 2 shows % body fat values of both methods
before and after the weight loss intervention. Both % body
fat levels measured with the DXA and the BAI signifi-
cantly decreased after the weight loss intervention. In
addition, the percent change in % body fat levels after the
weight loss intervention was significantly different between
% body fat measured using the DXA and the BAI
(—4.6 £ 6.6 vs. —5.8 & 5.9%; p = 0.03, respectively).
Moreover, we noted significant differences in % body fat
levels between the DXA and the BAI before (48.0 4 4.0
vs. 41.2 £49%; p <0.001, respectively) and after

Table 1 Baseline physical and metabolic characteristics of the 132
participants

Variables Mean = SD  Range
Age (years) 572 £ 4.7 46.0-69.3
Body mass index (kg/m?) 35.0 £ 3.7 30.0-48.5
Lean body mass (%) 49.1 £ 4.0 39.7-59.8
% Body fat 48.0 £ 4.0 37.6-57.9
Body adiposity index (%) 412 £ 49 32.0-61.3
Waist circumference (cm) 101 £ 8.2 85.5-117
Hip circumference (cm) 121.1 £ 94 105.5-166.5
Visceral fat (cm?) 206 + 51 104-346
Insulin sensitivity (mg/min/kg LBM) 114 + 34 3.0-22.9
Total-cholesterol (mmol/L) 524+09 3.1-7.3
LDL-cholesterol (mmol/L) 3.1 £0.7 1.4-5.1
HDL-cholesterol (mmol/L) 1.4 £03 0.9-2.5
Triglycerides (mmol/L) 1.6 £0.8 0.5-5.1
Fasting glucose (mmol/L) 53+05 4.1-6.6
hsC-reactive protein (mg/L) 37+24 0.4-10.1
Leptin (ng/mL) 26.0 + 104 8.3-71.2
Systolic blood pressure (mmHg) 123 £ 13 93-167
Diastolic blood pressure (mmHg) 77.6 £ 7.6 60-100

Values are mean £ SD
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Table 2 Body fat values % before and after the weight loss
intervention

Body fat % % Body fat p value
(DXA) (BAI) (between
both methods)
Pre (%) (n = 131)  48.0 £ 4.0 412 + 49 0.000
Post (%) (n =84) 455 £5.1% 385+ 54* 0.000
Percent change —4.5+ 6.6 —58+59 0.03

(n = 84)

Values are mean £ SD
* Significantly different between pre values (p < 0.001)

Table 3 Bivariate correlations between percent change in % body fat
and percent change in cardiometabolic risk factors

Risk factors A % Body fat A % Body fat

(DXA) (BAI)
A % Body fat (BAI) 0.60%* -
A Body mass index 0.59%* 0.68%*
A Waist circumference 0.55%%* 0.70%*
A Visceral fat 0.49%%* 0.47%*
A % Lean body mass 0.34%* 0.30%
A Total-cholesterol 0.20 0.13
A LDL-cholesterol 0.17 0.12
A HDL-cholesterol —0.04 0.02
A Triglycerides 0.17 0.13
A Fasting glucose 0.07 0.11
A Insulin sensitivity —0.08 —-0.22
A hsC-reactive protein 0.22 0.29%%*
A Leptin 0.36%* 0.36%*
A Systolic blood pressure —0.13 0.05
A Diastolic blood pressure —0.10 0.09

*p < 0.05; ** p < 0.01

(45.5 £ 5.1 vs. 38.5 & 5.4%; p < 0.001, respectively) the
weight loss intervention.

A significant relationship was found between % body fat
measured using DXA and % body fat estimated by the BAI
at baseline (r = 0.54, p < 0.01) and after the intervention
(r=20.59, p<0.01). Pearson correlation coefficients
between the percent change in both measures of % body fat
and percent change in cardiometabolic characteristics are
presented in Table 3. We noted a significant relationship
between percent change in % body fat measured using
DXA and percent change in % body fat estimated by the
BAI (r =0.60, p <0.01). Both measures of percent
change in % body fat were similarly significantly corre-
lated with percent change in BMI, waist circumference,
visceral fat, % lean body mass, and leptin. Furthermore, no
associations were observed between both measures of
percent change in % body fat with percent change in total-
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cholesterol, LDL-cholesterol, triglycerides, fasting glucose,
insulin sensitivity, and blood pressure. Finally, the only
correlation that varied between both measures in % body
fat was with hsCRP.

We performed a stepwise regression analysis to iden-
tify independent predictors of percent change in cardio-
metabolic risk factors (Table 4). Our results show that the
change in % body fat using the BAI predicted cardio-
metabolic risk factors differently than the change in %
body fat using the DXA in our cohort. That is, the percent
change in BAI was an independent predictor of the per-
cent change in insulin sensitivity and hsCRP whereas the
percent change in % body fat using the DXA did not
predict the change in insulin sensitivity and hsCRP.
Furthermore, independent predictors for the percent
change in visceral fat, LDL-cholesterol, and triglycerides
were different when the BAI or % body fat using the
DXA were interchanged as an independent variable in the
model. In contrast, both methods in % body fat predicted
leptin similarly.

Finally, Bland-Altman plots were used to show the
mean overall differences and limits of agreement between
the DXA and the BAI for pre and post as well as percent
change in % body fat (Fig. la—c). The x-axis indicates the
mean of the results of the two methods, whereas the y-axis
represents the differences of the two methods. The overall
mean difference was 6.8 &+ 4.3 for pre % body fat,
6.9 £ 4.8 for post % body fat, and —1.4 + 5.6 for percent
change in % body fat. Furthermore, Bland—Altman analysis
showed a bias for pre % body fat and no biases for post %
body fat and percent change in % body fat.

Discussion

It is important in clinical research to develop simple and
accurate methods for the measurement of % body fat.
Thus, the purpose of the present study was to investigate
the ability of the BAI to detect changes in % body fat
levels before and after a weight loss intervention when
compared to % body fat levels measured using a DXA.
We also examined the relationship between measured or
estimated % body fat with cardiometabolic risk factors.
Such data could be essential to establish the validity of
this surrogate measure for routine clinical and practical
use in research protocols as well as in epidemiological
studies.

The present study extends the findings of Bergman et al.
[1] by examining the ability of this index to detect changes
in % body fat before and after a weight loss intervention
and by exploring its relationship with cardiometabolic risk
factors. Our results showed that % body fat values at
baseline were underestimated with the BAI compared to %
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sensitivity
A Insulin A BAI 0.08 0.08 —0.29 0.02
sensitivity*
A Visceral fat 1 A % Body fat 0.307 0.307 0.56 <0.01
2 A Blood pressure  0.084 0.391 0.27 0.04
3 A Triglycerides 0.035 0.426 0.19 0.05
A Visceral fat* 1 A BAI 0.256 0.256 0.51 <0.01
A LDL-cholesterol 1 A Triglycerides 0.08 0.08 0.28 0.02
A LDL- 1 A Leptin 0.078 0.078 0.28 0.02
cholesterol*
A Triglycerides 1 A Visceral fat 0.086 0.086 0.26 0.03
2 A LDL-cholesterol  0.059 0.145 0.25 0.03
A Triglycerides* 1 A Leptin 0.098 0.098 0.31 0.03
A hsCRP 1 A Leptin 0.074 0.074 0.27 0.02
A hsCRP* 1 A BAI 0.09 0.09 0.31 0.02
A Leptin 1 A % Body fat 0.161 0.161 0.37 <0.01
2 A Triglycerides 0.049 0.210 0.22 0.04
* The BAI was used as an A Leptin* 1 A BAI 0.140 0.140 0.33 <0.01
independent variable instead of 2 A Triglycerides 0.065  0.205 0.26 0.03

% body fat from the DXA

body fat values using DXA as shown by the Bland—Altman
analysis. However, we observed a good overall agreement
between the two methods for post % body fat and percent
change in % body fat. This suggests that the bias seems to
decrease after a weight loss intervention. Moreover, similar
relationships (significant or non-significant) were observed
between both measures of % body fat with cardiometabolic
risk factors. For example, we found comparable correla-
tions between percent change for both measures of % body
fat with percent change in BMI, waist circumference, vis-
ceral fat, % lean body mass, and leptin. Finally, results
from the multiple linear regression analysis showed that %
body fat using the BAI predicted cardiometabolic risk
factors differently than % body fat using the DXA in our
cohort.

Collectively, these results suggest that the BAI may lack
accuracy in measuring % body fat before a weight loss
intervention. This may be due to a lower correlation
observed between the BAI and DXA in the present study
(r = 0.54) compared to the study of Bergman et al. [1]
(r = 0.85). Furthermore, the population of the present
study was composed of only Caucasian obese postmeno-
pausal women whereas the study of Bergman et al. [1] was
composed of Mexican-Americans and African-Americans.
Therefore, the present results may be explained, at least in
part, by the differences in ethnicities used in both studies.
Additional research on the precision of this index may be

needed in other populations. However, this index appears
to have a good ability to detect changes in % body fat after
weight loss. Finally, this index showed inconsistencies to
predict cardiometabolic risk factors compared to % body
fat measured with DXA in our cohort of obese postmen-
opausal women.

This study has several limitations. Our findings are
limited to a cohort composed of Caucasian non-diabetic
sedentary obese postmenopausal women who participated
in a university-based research weight loss program. Further
research of this index should be performed in other popu-
lations. However, our results are strengthened by the use of
pre and post weight loss data as well as the use of gold-
standard techniques to measure body composition, visceral
fat, insulin sensitivity, and blood profile in a relatively
large sample size of well-characterized obese postmeno-
pausal women.

In conclusion, the BAI seems to underestimate % body
fat levels at baseline in Caucasian obese postmenopausal
women. Furthermore, changes in % body fat after a weight
loss intervention appeared to be well detected with this
index. Finally, this index showed differences in predicting
cardiometabolic risk factors when compared to % body fat
measured using DXA. Further research in obese postmen-
opausal women may be needed to support the usefulness of
this index for the surrogate measure of % body fat in
clinical research.
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