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Abstract

Because of its strong association (r 0-85) with percentage of body fat determined by dual-energy
X-ray absorptiometry, hip circumference divided by heightl (the body adiposity index) has
recently been proposed as an index of body fatness among adults. We examined whether this
proposed index was more strongly associated with skinfold thicknesses and levels of CVD risk
factors (lipids, fasting insulin and glucose, and blood pressure) than was BMI among 2369 18- to
49-year-olds in the Bogalusa Heart Study. All analyses indicated that the body adiposity index was
less strongly associated with skinfold thicknesses and CVD risk factors than was either waist
circumference or BMI. Correlations with the skinfold sum, for example, were r 0-81 (BMI) v. r
0-75 (body adiposity index) among men, and r 0-87 (BMI) v. r 0-80 among women; P<0-001 for
both differences. An overall index of seven CVD risk factors was also more strongly associated
with BMI (r 0-58) and waist circumference (r 0-61) than with the body adiposity index (r 0-49).
The weaker associations with the body adiposity index were observed in analyses stratified by sex,
race, age and year of examination. Multivariable analyses indicated that if either BMI or waist
circumference were known, the body adiposity index provided no additional information on
skinfold thicknesses or risk factor levels. These findings indicate that the body adiposity index is
likely to be an inferior index of adiposity than is either BMI or waist circumference.

Keywords
Obesity; BMI; Children; Lipids; Skinfolds; Hip circumference; Waist circumference

Although the limitations of BMI are well known(3, this index remains widely used as a

simple indicator of adiposity, and adults with a BMI = 30 kg/m? are considered to be obese.

An alternative index, termed the ‘body adiposity index’, has recently been proposed():
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Hip circumference (cm)
Height (m)*?

Body adiposity index= —18.

This ratio was based on the correlations of percentage of body fat (calculated from dual-
energy X-ray absorptiometry) with hip circumference and height among 1733 Mexican-
American adults. The power of 1.5 was chosen to maximise the correlation with percentage
of body fat (r 0-79) and 18 was the estimated intercept of a regression model that predicted
percentage of body fat from hip circumference/height!®. It was concluded that this index
provides a ‘direct estimate of percentage of body fat” among both men and women without
the need for further adjustment(?),

The use of hip circumference in the numerator of an adiposity index, however, is somewhat
surprising. Persons with larger hip circumferences, relative to BMI, are at lower risk for
CHD and total mortality®. The use of hip circumference in the waist:hip ratio®), a simple
index of abdominal obesity, also suggests that at similar levels of waist circumference,
persons with a larger hip circumference are at lower risk for type 2 diabetes(® ~9) and
CHDG:10)_ It remains uncertain, however, whether the assessment of abdominal obesity
provides information on disease risk that is independent of BMI(7:10-12),

The purpose of the present study is to compare the usefulness of the body adiposity index,
BMI and waist circumference as indicators of adiposity. In the present cross-sectional study,
we examined associations among these measures, skinfold thicknesses and levels of CVD
risk factors (lipids, fasting glucose and insulin, and blood pressure) among 2369 18- to 49-
year-olds who participated in the Bogalusa Heart Study. If body adiposity index were a
better index of adiposity than BMI, it was expected that it would show stronger associations
with the skinfold sum (triceps plus subscapular) and with levels of CVD risk factors.

Study population

The Bogalusa Heart Study is a community-based (Ward 4 of Washington Parish, Louisiana)
study of CVD risk factors in early life3). The present study was conducted according to the
guidelines laid down in the Declaration of Helsinki and all procedures were approved by the
Tulane University Human Subjects Review Committee. Written informed consent was
obtained from all subjects.

Since 1973, several cross-sectional studies of schoolchildren and adults have been
conducted. The present analyses are based on adults who participated in three cross-
sectional studies (1995-6, 1998-2001 and 2001-2) in which hip circumference was
measured. A total of 3639 examinations were conducted, with data obtained from 2703
different persons.

We excluded 124 examinations because the subject reported having diabetes mellitus or
being pregnant, and another 218 because the participant reported taking medications for high
blood pressure or cholesterol. We also excluded subjects who were <18 years (n 114) or =
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50 years (n 5) of age, or if data were missing for circumferences, skinfolds (subscapular and
triceps) or BMI (n 13). We excluded nine observations because of implausible body size
values, such as a hip circumference below 25 cm or a BMI value of 23 kg/m? together with a
waist circumference of 177 cm.

These exclusions resulted in a total of 3156 examinations from 2380 different adults; 762
adults participated in two or more of the three studies. Because levels are correlated over
time within an individual, we selected only one examination for each individual. We chose
the examination with the largest number of valid risk factor measurements for TAG, LDL-
cholesterol (LDL-C), HDL-cholesterol (HDL-C), fasting insulin, fasting glucose and blood
pressure. We also required that that each subject had valid data for at least four of these
seven risk factors.

The final sample size was 2369. Of these subjects, 142 were missing data for fasting levels
of glucose, insulin or TAG, and were excluded from analyses of these variables as well as
from analyses of the risk factor sum (see ‘Risk factors’).

General examinations

Height was measured to the nearest 0-1 cm with an lowa Height Board, and weight to the
nearest 0-1 kg using a balance beam metric scale; BMI (kg/m?) was calculated as a measure
of relative weight. No adjustments were made for the weight of the gown, underwear or
socks that were worn during the examination.

Each skinfold thickness and circumference was measured three times, and the mean value
was used in the analyses. The thicknesses of the triceps and subscapular skinfolds were
measured to the nearest millimetre with Lange Skinfold Calipers (Cambridge Scientific
Industries, Inc.), and the sum of these two skinfolds was used in the analyses as an indicator
of overall body fatness. Circumferences were measured using a non-stretchable tape. Waist
circumference was measured midway between the rib cage and the superior border of the
iliac crest, and hip circumference was measured at the greater trochanters(14.15),

The body adiposity index was calculated as (hip circumference/height!®) — 18, with hip
circumference expressed in cm and height in m(@),

Risk factors

We focused on seven risk factors in the present analyses: TAG, LDL-C, HDL-C, glucose,
fasting insulin, systolic blood pressure (SBP) and diastolic blood pressure (DBP). Non-
fasting values of glucose, insulin and TAG were excluded from the analyses.

Serum concentrations of total cholesterol and TAG were determined, with enzymatic
procedures, in a centralised laboratory that met the requirements of the CDC Lipid
Standardization Program. LDL-C and HDL-C determinations were based on a combination
of heparin—calcium precipitation and agar-agarose gel electrophoresis(®). Glucose was
measured enzymatically as part of a multi-chemistry (SMA20) profile. Plasma insulin
determinations were performed by a RIA procedure (Phadebas Insulin Kit; Pharmacia
Diagnostic AB). Right arm, sitting SBP and DBP (5th Korotkoff sound) levels were
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measured six times by trained observers with a mercury sphygmomanometer
(Baumanometer)(7),

An overall measure of risk was obtained by summing each subject’s standardised residual
across six regression models that predicted levels of LDL-C, TAG, insulin, glucose, SBP
and DBP from race, sex, age and study period. The standardised residuals from a model
predicting HDL-C levels were then subtracted from this variable, resulting in the risk factor
sum having a mean of 0 and a standard deviation of 5-0. (The 10th and 90th percentiles were
-4-6 and 5-2.) Correlation coefficients between the risk factor sum and the various risk
factors ranged in magnitude from r 0-46 (LDL-C) to r 0-69 (insulin). The risk factor sum
was also highly correlated (r 0-97) with the first principal component(8) of the seven risk
factors.

Some analyses also examined the number of adverse risk factors. The cut-off points for this
analysis were: LDL-C (23:36 mmol/l), TAG (=1:68 mmol/l), HDL-C (<1-29 mmol/l among
women, <1-03 mmol/l among men), fasting glucose (= 5:55 mmol/l), SBP (130 mmHg),
DBP (85 mmHg) and a fasting insulin >90th percentile for a subject’s sex, race and age.

Statistical analyses

Analyses were performed using R (www.R-project.org)19), and first examined mean (or
median) levels of the body size measures (BMI, body adiposity index, waist circumference
and hip circumference) and the risk factor variables (lipids, glucose, insulin and blood
pressure). We then examined the intercorrelations among the body size measures.

The statistical significance of differences in the relationship of the skinfold sum to the body
adiposity index, BMI, waist circumference and hip circumference was examined using a test
for correlated correlations developed by Meng et al.(20) that incorporates Fisher’s Z-
transformation. (This test would assess, for example, whether the magnitude of the Z-
transformed correlation between the skinfold sum and the body adiposity index (rq) is equal
to that between the skinfold sum and BMI (r); Ho: rq =r.) To adjust for race, sex, age and
study differences, analyses were based on the residuals of regression models in which each
body size measure was predicted by these characteristics; age was modelled using cubic
splines with five knots(21),

Correlation coefficients were also used to examine the relationship of the body size
measures to the risk factor sum and to levels of the individual risk factors (Table 3). To
determine whether the body adiposity index provided additional information on risk factor
levels, we examined the proportion of men and women who had adverse levels of at least
three risk factors following the cross-classification of BMI and body adiposity index
categories (Table 4). Because the strong association between these two characteristics (r
approximately 0-8) resulted in few subjects with some combinations of these variables (e.g.
BMI = 35 kg/m? and a low body adiposity index), quartiles of the body adiposity index were
constructed within each sex and BMI category. The multiple R2 and likelihood values of
various regression models were also compared to determine whether any two-variable
combinations of body size measures could improve the prediction of risk factor levels
beyond that achieved by a single measure (Table 5).
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We also illustrate the joint relationship, based on regression models, of levels of BMI and
the body adiposity index to the risk factor sum (Fig. 1). For this analysis, the regression of
the body adiposity index v. levels of BMI, age, sex, race and study period was performed,
and the resulting residuals were used to represent levels of the body adiposity index relative
to BMI. Predicted levels of the risk factor sum were then plotted against levels of BMI and
the (relative) body adiposity index for men and women. If the body adiposity index were a
better indicator of adiposity than BMI, one would expect that at comparable BMI, persons
with a higher body adiposity index would have a more adverse risk factor profile.

The mean levels of various characteristics are shown in Table 1. The mean ages varied from
31 to 33 years across the race—sex groups, and 34 % of the subjects were obese (BMI = 30
kg/m?2). There were substantial differences in body size measures, with women having
higher levels of the skinfold sum and the body adiposity index than men, and black women
having higher levels than white women. (As assessed in regression models, most of the main
effects and sex x race interactions for the variables in Table 1 were statistically significant.)
There were also differences in risk factor levels across the race—sex groups, but these did not
necessarily parallel differences in body size. Black women, for example, had the highest
levels of BMI, skinfold sum and the body adiposity index, but they had the lowest levels of
LDL-C and TAG, along with the highest HDL-C levels.

Correlations among the levels of the body size characteristics are shown in Table 2, with
correlations among men in the, upper right triangle and those among women in the lower
left. The skinfold sum was highly correlated with all measures except height, with BMI
(men r 0-82; women r 0-87, women), waist circumference (r 0-81-0-85) and hip
circumference (r 0-79-0-84) showing the strongest associations. The skinfold sum was less
strongly associated with the body adiposity index (men r 0-75; women r 0-80) and showed
almost no association with height (r < 0-10). As assessed by a test for the equality of
correlations (Hg, rq = rp), the skinfold sum was more strongly (P<0-0001) related to BMI
than to the body adiposity index. (Similar results were obtained using Spearman’s
correlations and log-transformed skinfolds.) It should also be noted that whereas there was
little association between the skinfold sum and height in either sex, analyses of men and
women together indicated that height and the skinfold sum were inversely correlated (r —
0-19).

We then examined the associations between the anthropometric characteristics and levels of
the CVD risk factors (Table 3). In the entire sample, both BMI (r 0-58) and waist
circumference (r 0-61) were more strongly correlated with the risk factor sum than was the
body adiposity index (r 0-49); P<0:001 for both comparisons. With the exception of LDL-C
levels, the body adiposity index also showed significantly weaker associations with most of
the individual risk factors than did BMI or waist circumference; similar patterns were also
seen within sex and age categories. No comparison indicated that the body adiposity index
was more strongly associated with risk factor levels than was BMI or waist circumference.
For example, among persons younger than 25 years of age, levels of LDL-C showed
correlations of r 0-21 (body adiposity index), r 0-19 (BMI) and r 0-20 (waist circumference)
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with the measures of body size, but the P values associated with these differences were
>0-80. Additional analyses indicated that within each of the three cross-sectional studies
included in the present analysis, the body adiposity index was less strongly associated with
risk factor levels than was either BMI or waist circumference (data not shown).

To assess whether the body adiposity index could provide additional information on risk
factor levels, beyond that conveyed by BMI, we first examined the proportion of men and
women who had three or more risk factors according to categories of BMI and the body
adiposity index (Table 4). Because the strong correlation between BMI and the body
adiposity index resulted in small numbers of persons in the low/high and high/low
categories, quartiles of the body adiposity index were constructed within each BMI
category. After this adjustment for BMI, there appeared to be little association between the
body adiposity index and the prevalence of three or more risk factors. Among subjects who
had a BMI between 30-0 and 34-9 kg/m?, for example, the prevalence of three or more risk
factors was almost identical (40 %) among men who were in the lowest and highest
categories of the body adiposity index quartile, while among women, the prevalence was
slightly higher among those in the lowest body adiposity index quartile than among those in
the highest quartile (21 v. 15 %). There was also little difference in the prevalence of
multiple risk factors across quartiles of the body adiposity index among subjects who had a
BMI = 35 kg/mZ.

The independent effects of BMI and the body adiposity index in the prediction of the risk
factor sum, as estimated in regression models that included both characteristics, are shown
for men (Fig. 1(a)) and women (Fig. 1(b)). The three lines in each panel indicate the
predicted risk factor sum for a person who had a specified BMI (x-axis) along with a body
adiposity index at either the 10th, 50th or 90th percentile (three parallel lines). For example,
among men who had a body adiposity index at the 50th percentile, the predicted risk factor
sum increased by about 7 units (-4 to +3) as BMI increased from 20 to 35 kg/m2. As
indicated by the three curves in each panel, however, the effects of the body adiposity index
were substantially weaker, and when considered together with BMI, there was almost no
difference in predicted levels of the risk factor sum between men who were at the 10th or
50th percentile of body adiposity index. Among women, the predicted risk factor sum
increased by about 6 units as BMI increased from 20 to 40 kg/m?2, but decreased by about 1
unit (P<0-001) as the body adiposity index increased from the 10th to the 90th percentile.

The information provided by the body size measures in the prediction of levels of the
skinfold sum and risk factor levels is shown in Table 5. The combination of race, sex, age,
study period and BMI accounted for 78 % of the variability in the skinfold sum, for
example, whereas the R? value of a model with the body adiposity index (rather than BMI)
was 0-69. Interestingly, the multiple R2 value for a model with hip circumference was also
higher than that for the body adiposity index (0-74 v. 0-69). There were only very small
differences (R2 0-78-0-79) in the multiple R? values of the five models that included various
combinations of the body size measures, and none was substantially higher than the R? value
of a model containing BMI alone.
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For levels of the risk factors, the highest R? values were generally obtained by models that
contained waist circumference, but differences between models that contained either BMI or
waist circumference were generally small. For example, the multiple R2 values for models
predicting the risk factor sum were 0-39 (waist circumference), 0-36 (BMI) and 0-27 (body
adiposity index). Models containing the body adiposity index had the lowest R2 values for
almost all risk factors. Differences between the two-variable models were generally small,
with the highest R2 values typically seen for models that combined waist circumference with
either BMI or hip circumference.

Discussion

The present results indicate that among 18- to 49-year-olds, both BMI and waist
circumference are more strongly associated (P<0-001) with the sum of the triceps and
subscapular skinfold thicknesses and with CVD risk factors than is the recently proposed(?)
body adiposity index. Of the various measures, BMI was the strongest correlate of the
skinfold sum, but waist circumference showed slightly stronger associations with levels of
most risk factors than did BMI. The weakest associations were consistently seen with the
body adiposity index. Furthermore, in contrast to what would be expected if the body
adiposity index were a better indicator of adiposity, we found that this newly proposed index
provided very little (if any) information on the skinfold sum or levels of risk factors beyond
that conveyed by BMI. The apparent association between the body adiposity index and the
risk factor sum appears to be largely due to the association between BMI and the levels of
CVD risk factors.

We also found that hip circumference (alone) showed slightly stronger associations with the
skinfold sum and risk factor levels than did the body adiposity index. Among men,
correlations with the skinfold sum were r 0-79 (hip circumference) and r 0-75 (body
adiposity index), and among women, correlations were r 0-84 and 0-80, respectively. These
associations probably reflect the very weak relationship, that we and others(?2 -~ 24) have
observed, of height to body fatness among adults. Most, but not all(?®), investigators have
assumed that an optimal weight—height index of obesity among adults would show little
correlation with height(26),

In contrast to this weak association between body fatness and height, Bergman et al.(2)
reported that dual-energy X-ray absorptiometry-estimated body fatness was more strongly
associated with height (r — 0-52) than with weight (r 0-23). This inverse association formed
the basis for dividing hip circumference by height(®, but much of the inverse association
between height and body fatness may have been due to confounding by sex. Women are
generally shorter than men and have more body fatness, so a crude (non-stratified) analysis
would probably find that body fatness is inversely associated with height. For example,
among 12 957 adults in the National Health and Nutrition Examination Survey (NHANES)
1999-2004, dual-energy X-ray absorptiometry-calculated percentage of body fat is inversely
correlated (r — 0-50) with height; sex-specific correlations, however, between height and
body fatness are r — 0:02 (men) and r — 0-10 (women) (D. S. Freedman, unpublished results).
Furthermore, the difficulties in interpreting a ratio constructed on the basis of a positive
association with the numerator (hip) and an inverse association with the denominator
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(height) are well known("). Various regression models in the present study also indicated
that the use of hip circumference and sex as separate variables resulted in higher R? values
in the prediction of skinfold sum (0-70) and the risk factor sum (0-26) than did the body
adiposity index (RZ 0-63 and 0-18, respectively).

Some investigators have concluded that abdominal obesity, typically assessed by waist
circumference (either alone or divided by height or hip circumference), is more strongly
associated with CVD risk factor levels than is BM1(28.29), The present results provide some
support for this possibility, and levels of most risk factors showed slightly stronger
associations with waist circumference than with BMI. The high correlation (r approximately
0-95) between BMI and waist circumference, however, can make it difficult to disentangle
the effects of each measure. Furthermore, waist circumference is strongly correlated with the
skinfold sum, indicating that it is a measure of both overall and abdominal obesity(430). The
results of longitudinal studies of abdominal obesity have been inconsistent, with some
finding waist circumference to be more predictive of disease than BM1®-9:31) byt others
showing little difference between these two measures®7:12)._ |t is also difficult to reconcile
the use of hip circumference in the numerator of an adiposity index, with studies that have
found that, after controlling for BMI, larger hip circumferences are protective for CHD
mortality2) and are associated with beneficial lipid levels(®), possibly due to the protective
role of gluteofemoral fat(33). If the assessment of obesity-related risk by a circumference is
desired(®4=36) the results from the present study indicate that waist rather than hip
(buttocks) circumference should be used.

There are several potential limitations of the present study. The sample was not randomly
selected and is from a single community in Louisiana, with white adults (but not black
adults) in the present study having a higher prevalence of obesity than in NHANES 1999-
2003G7). Mean BMI levels in the present study, however, are comparable to those (29-5—
30-0 kg/m?) reported in the study of Bergman et al.(?). We also used the sum of two skinfold
thicknesses as an index of body fatness, and skinfold thicknesses have many limitations as
indicators of adiposity(38:39), The body adiposity index, however, showed the weakest
associations not only with the skinfold thickness sum, but also with levels of the CVD risk
factors. Another possible limitation is that hip circumference in the present study was
measured at the greater trochanters(4) rather than at the maximum extension of the
buttocks@), but the importance of this difference is uncertain. Among obese subjects,
measurements at both locations may include the anterior abdominal wall(2®); one-third of the
subjects in the present study had a BMI of 30 kg/m? or more.

In summary, we found that among 2369 18- to 49-year-olds, the body adiposity index was
less strongly associated with skinfold thicknesses and with levels of CVD risk factors than
was either BMI or waist circumference. These results were consistent across categories of
sex, race, age and time period, and were also observed in multivariable analyses. Although
these associations need to be confirmed in studies that have more accurate estimates of body
fatness, the present findings suggest that the division of hip circumference by height! is
unlikely to be a useful index of body fatness. If the accurate measurement of weight is
difficult or not possible, the measurement of waist circumference should be considered.
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Predicted levels of the risk factor sum among (a) white men and (b) white women at an age
of 32 years (overall mean) by levels of BMI (x-axis) and body adiposity index. Sex-specific
regression models included race, age, BMI and the body adiposity index; predicted levels of
the risk factor sum are shown for subjects who are at the 10th, 50th and 90th percentiles of
body adiposity index. The distribution of BMI levels is shown by the histogram along the x-

axis.
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