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Abstract: We examined the relationship between various body
mass indices (BMIs), skinfold measures, and laboratory measures of
body fat in 474 males aged 20-70 years. Evaluations included height,
weight, skinfold thickness, and hydrostatic measurements of adipos-
ity. The weight-height ratio (W/H), Quetelet index (W/H?), Khosla-
Lowe index (W/H3), and Benn index (W/HF) were calculated. The
correlations among the various BMIs were high, ranging from 0.91 to
0.99, and all were strongly correlated with weight (rs = 0.81 - 0.98),

while only W/H? (r = —.03) and W/HP (r = —.01) were not correlated
with height. The W/H? and W/HF had the strongest correlation with
hydrostatic and skinfold measurements, although all the BMIs were
significantly correlated with these measurements. Results suggest
that the Benn index and the Quetelet index are equally valid
estimates of body fat in respect to their relationship with hydrostatic
measures. (Am J Public Health 1986; 76:992-994.)

Introduction

Obesity and weight gain are associated with a variety of
conditions detrimental to health, well-being, and longevity.!
A recent National Institutes of Health (NIH) Consensus
Development Panel stated that obesity is an important
contributing factor in the prevalence of hypertension,
hypercholesterolemia, diabetes mellitus, coronary artery
heart disease, and various cancers.? Obesity, however, has
proved a difficult characteristic to quantify.

Body mass indices (BMIs) are frequently included in
epidemiologic studies as estimates of body adiposity. A
number of body mass indices have been developed, all
derived from body weight and height measurements. The
more popular BMIs include the weight-height ratio W/H,
Quetelet index W/H?, Khosla-Lowe index W/H3,? and Benn
index W/HP.* These indices are widely used in large epide-
miologic and health investigations because of their simplicity
of computation and cost effectiveness. More accurate and
precise laboratory measurements of adiposity exist, but are
costly and difficult to implement in large community studies.

The Quetelet index is the most widely accepted BMI,
and is generally correlated with skinfold thickness measure-
ments of body fat.>” Recent research suggests that the Benn
index possesses more desirable measurement characteristics
(i.e., unbiased by height and strongly correlated with weight)
in heterogeneous populations.® Garn and Pesick® believe the
choice of a particular index is arbitrary in light of the high
inter-correlation among the BMIs. However, there is some
question whether the different BMIs are in fact interchange-
able measures of obesity.!%!!

The main problem is that measures of relative weight are
unable to distinguish between adiposity, muscularity, and
edema.’ Skinfold measurements are usually used as the
criterion for evaluating the utility of various body mass
indices in estimating adiposity in adults and children.®'213
Although skinfold thickness measurements are the best
nonlaboratory method for estimating body fat, they represent
indirect estimates of body adiposity.®!3-14

This study examines the relationship between four
BMIs, W/H, W/H?, W/H3, W/HP, and skinfold thickness and
hydrostatic measures of body adiposity.
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Methods

A sample of 447 males from Greenville, North Carolina
aged 20 to 70 years were evaluated in the Human Perform-
ance Laboratory between July 1981 and December 1984. The
average age of the subjects was 38 years; 90 per cent of the
sample was White. Measurements were made of weight (Ibs),
height (inches), skinfold thickness, and hydrostatic body
density by a trained research assistant.

The skinfold procedure for determining body fat in-
volved seven skinfold sites taken on the right side of the
body: chest, axilla, triceps, subscapular, abdominal, suprail-
ium and thigh."> The skinfold was grasped firmly by the
thumb and index finger; the Harpenden caliper was placed
perpendicular to the fold approximately 1 cm from the thumb
and finger. The dial was read to the nearest 0.1 mm approx-
imately five seconds after releasing the grip. Two measures
were taken at each site. If a repeated measure varied by more
than 1 mm, a third measure was taken. The sum of seven
skinfold sites was calculated and applied to sex specific
regression equations to determine body density. '’ Per cent fat
was calculated from body density using the Siri equation. !¢

Per cent body fat was also determined hydrostatically.
Subjects reported with a swimsuit which was weighed dry.
Dry land weight was determined and converted to grams and
the swimsuit’s weight was subtracted from this value. While
suspended from a nine-kilogram Chatillon autopsy scale,
subjects were instructed to submerge themselves by flexing
at the waist and to expire all the air from their lungs. This
procedure continued until three identical readings were
recorded. No more than 10 consecutive hydrostatic weight
measurements were required to obtain dependable readings.

Body density was determined from the subject’s under-
water weight. Per cent body fat was calculated by Siri
formula.'® Residual volume was determined using proce-
dures described by Wilmore.!” A standardized correction
factor of 100 ml was added to the residual volume to adjust
for visceral gases. Potential sources of experimental error in
estimation of body composition based on hydrostatic weigh-
ing include consecutive trial testing, measuring residual
volume, and intestinal gas content. It was not possible to
obtain body fat estimates using this technique in 5.6 per cent
of the sample. For the most part, these subjects had difficulty
tolerating the underwater weighing procedure.

The BMIs W/H, W/H2, W/H3, and W/HF were calculated
from height and weight data. The exponent value, p, in W/H?
was determined using the method described by Benn:
B(H/W), where H was mean height and W was mean weight
for the sample.? The regression coefficient B results from a
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TABLE 1—Mean Body-Mass Indices, Height, Weight, Skinfold Fat Per
Cent and Hydrostatic Fat Per Cent

BODY MASS INDICES AND BODY ADIPOSITY

TABLE 3—Partial Correlations Adjusting for Age between Four Body
Mass Indices, Weight and Height

Body Mass Indices N Mean SD
W/H (x 10) 447 26.9 45
W/H2 (x 1,000) 447 38.3 6.3
W/H? (x 100,000) 447 54.7 9.2
W/HP (x 1,000) 447 58.8 9.6
Height (inches) 447 70.2 25
Weight (Ibs) 447 188.7 33.7
Skinfold Fat % 443 21.7 8.1
Hydrostatic Fat % 422 238 7.3

TABLE 2—Zero-order Correlations between Four Body Mass Indices,

Weight and Height
Body Mass Indices

Body Mass Indices W/H W/H? W/H? W/HP
W/H? 97
W/H3 91 .98
W/HP .98 .99 97
Weight (Ibs) .08 91 81 92
Height (inches) 19 -.03 -.24 -.01

linear regression of weight on height. The value of p was
1.8993.

The following computations were performed on the data:
zero-order correlation coefficients between the four BMIs
and weight, height, skinfold measures and hydrostatic labo-
ratory measures; partial-correlation coefficients,'® adjusting
for age, between the four BMIs and weight, height, skinfold
measures, and hydrostatic laboratory measures; and 95 per
cent confidence intervals (CI) for the correlations between
the BMIs, skinfold measures, and hydrostatic laboratory
measures.

Results

Mean height, weight, W/H, W/H?, W/H3, W/HP, skinfold
fat per cent, and hydrostatic fat per cent for the sample are
included in Table 1. The mean percentage of body adiposity
estimated using skinfold thickness and hydrostatic laboratory
techniques is comparable in magnitude.

The zero-order correlations between the four BMIs,
height, and weight are reported in Table 2; partial-correla-
tions among the BMlIs, weight and height adjusted for age are
included in Table 3. Table 4 contains the correlations,
partial-correlations and 95 per cent confidence intervals for
the BMISs and the body fat measures. The correlations among
the various BMIs are high, ranging from 0.91 to 0.99. The
average correlation among the indices is 0.97 which is
reduced to 0.93 when the effects of age are partialed out.

The correlation between hydrostatic and skinfold thick-
ness body fat measurements equals 0.84 (CI = 0.81, 0.87).
Skinfold thickness per cent body fat estimates are correlated
0.01 with height and 0.71 with weight. Comparable correla-
tions between per cent body fat estimated using laboratory
hydrostatic methods and height and weight are 0.02 and 0.66,
respectively.

It has been recommended that the most desirable BMI is
the one that correlates minimally with height and maximally
with weight.>'!° All of the BMIs are strongly correlated with
weight (see Table 2), but only W/H? and W/HF are not
significantly correlated with height. When age is partialed
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Body Mass Indices

Body Mass Indices W/H W/H? W/H? W/HP
W/H? .96

WH? .85 .96

W/HP .99 .97 .88

Waeight (Ibs) 97 .86 .69 .95
Height (inches) 15 -.13 -.38 .09

TABLE 4—Correlations, Partial Correlations Adjusting for Age, and 95%
Confidence Intervals between Four Body Mass Indices,
Skinfold Fat Per Cent and Hydrostatic Fat Per Cent

Body Mass Indices

Body Fat Measures WH W/H?2 W/H? W/HP
Correlations
(Confidence Intervals)
Skinfold Fat % 75 .76 .73 .76
(.71,.79) (.72,.80) (.68,.77) (.72, .80)
Hydrostatic Fat % .70 .7 .69 Nal
(.65, .75) (.66, .75) (.64, .74) (.66, .75)
Partial Correlations
(Confidence Intervals)
Skinfold Fat % .70 74 72 72
(.65, .74) (.70, .78) (.67, .76) (.67, .76)
Hydrostatic Fat % 52 58 58 54
(.45, .59) (.51, .64) (.51, .64) (.47, .60)

out, only the Benn index remains uncorrelated with height in
this sample.

The BMIs are strongly related to body fat determinations
based on skinfold thickness and hydrostatic weighing tech-
niques (see Table 4). The Benn index and Quetelet index had
the highest correlations with hydrostatic measures of body
fat, although there are minimal differences in the magnitude
of the correlations for all four BMIs. Similar, although
somewhat larger, correlations are found between the BMIs
and skinfold thickness body fat estimates. The partial corre-
lations controlling for age are attenuated but comparable for
skinfold thickness measurements. After age-adjustment, the
correlations between the BMIs and hydrostatic measure-
ments are lower and show that W/H? and W/H? have the
highest correlation. Inspection of the derived confidence
intervals in Table 4 suggests that there is a relatively small
degree of sampling error in the correlations and partial
correlations.

The sample standard error of estimate values for pre-
dicting skinfold fat per cent and hydrostatic fat per cent raw
scores from individual BMIs were calculated. In predicting
skinfold fat per cent measures, the standard error of estimate
was 5.36 for W/H, 5.26 for W/H?, 5.53 for W/H?, and 5.26 for
W/HP. Similar standard error of estimate values were com-
puted in the prediction of hydrostatic fat per cent from the
BMIs. The Quetelet and Benn indices both had standard
error of estimate values of 5.14, while corresponding values
for W/H and W/H? were 5.21 and 5.28, respectively. These
values indicate that there exists considerable error associated
with the prediction of body fat using the different BMIs.

Discussion

A good BMlI is one that correlates minimally with height
and maximally with weight.>' In general, the correlations
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between the body mass indices and weight and height from
this study support findings of previous research.3%"!* Con-
trary to the results reported by Lee, et al,> W/H? was no more
consistently unbiased than W/H? with and without age-
adjustment. Clearly this finding is due to the close similarity
between the exponent values in the two BMIs (e.g., 1.9
versus 2.0). The results suggest that estimates of body fat
using the Benn index and the Quetelet index are equivalent
insofar as their relationship to skinfold thickness and hydro-
static measurements are concerned.

Only a moderate proportion of variance is shared by the
BMIs and the more direct measures of body adiposity. The
proportion of variance shared with the skinfold thickness
measurements average 0.56 with a range from 0.53 to 0.58.
The proportion of shared variance with hydrostatic tech-
niques average 0.49 (range 0.48-0.50). These findings suggest
that there is considerable measurement error in using the
BMIs as surrogate estimates of body adiposity. The magni-
tude of the standard error of estimate values associated with
the prediction of hydrostatic derived measures of body
adiposity using the BMIs reflects this moderate relationship.

The usual definition of obesity is the amount of fat in an
individual’s body that exceeds some arbitrary percentage.’
Obesity has proved a difficult attribute to quantify. The use
of BMIs is likely to result in an unknown proportion of
individuals being identified as obese when in actuality they
possess large lean body mass in proportion to height and
subsequently a low percentage of body fat.

Inarecent study of the relation between obesity and lung
cancer, Lee and Kolonel found that the derived odds ratios
for lung cancer differed in magnitude and direction depending
on the BMI used. They concluded that the body mass indices
are not interchangeable in assessing obesity in case-control
studies.!! This finding may be explained, in part, by the
varying specificities associated with BMIs. Research by Lee
and Kolonel suggest that the different BMIs are not inter-
changeable indicators of obesity. !%-!!

Skinfold thickness determination of the percentage body
fat may provide a more acceptable estimate of obesity for
health surveys. The correlation between percentage fat
assessed by hydrostatic weighing and seven site skinfolds
was 0.84. The average time involved in obtaining accurate
skinfold thickness measurements for this study was five
minutes. Nevertheless, skinfold thickness is not a totally
reliable measure of obesity because of the considerable
variation in adipose tissue deposits in different body sites.?®
There is also some question whether skinfold thickness is
more closely related to laboratory estimates of fat body mass
than combinations of height and weight.?! Their utility in
large epidemiologic studies remains to be demonstrated.

Ideally obesity should be determined by direct measures
of the proportion of adipose tissue, such as somatyping,
hydrostatic, or total body potassium measurements.!?? In
this study, body fat determinations were obtained for over 94
per cent of the participants. Hydrostatic laboratory measure-
ments represent accurate and precise methods for estimating
body adiposity, but may be difficult and expensive to utilize
in large studies of community populations.

Health researchers should exercise caution in the utili-
zation of BMIs as indirect estimates of body fat. In this study,
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the BMIs were only moderately correlated with direct hy-
drostatic determination of body fat. Substantial error was
present in the prediction of hydrostatic measures from the
BMIs. Whenever feasible it is recommended that direct
assessment of body adiposity be used in studies of the
relationship between obesity and risk of disease. Although
skinfold thickness measurements are an acceptable compro-
mise, they may not represent a completely dependable
substitute for direct laboratory methods.
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