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How Useful Is Body Mass Index for Comparison of Body Fatness across
Age, Sex, and Ethnic Groups?

Dympna Gallagher,1 Marjolein Visser,2 Dennis Sepulveda,1 Richard N. Pierson,1 Tamara Harris,3 and
Steven B. Heymsfield1

This study tested the hypothesis that body mass index (BMI) is representative of body fatness independent
of age, sex, and ethnicity. Between 1986 and 1992, the authors studied a total of 202 black and 504 white men
and women who resided in or near New York City, were ages 20-94 years, and had BMIs of 18-35 kg/m2. Total
body fat, expressed as a percentage of body weight (BF%), was assessed using a four-compartment body
composition model that does not rely on assumptions known to be age, sex, or ethnicity dependent.
Statistically significant age dependencies were observed in the BF%-BMI relations in all four sex and ethnic
groups (p values < 0.05-0.001) with older persons showing a higher BF% compared with younger persons
with comparable BMIs. Statistically significant sex effects were also observed in BF%-BMI relations within
each ethnic group (p values < 0.001) after controlling first for age. For an equivalent BMI, women have
significantly greater amounts of total body fat than do men throughout the entire adult life span. Ethnicity did
not significantly influence the BF%-BMI relation after controlling first for age and sex even though both black
women and men had longer appendicular bone lengths relative to stature (p values < 0.001 and 0.02,
respectively) compared with white women and men. Body mass index alone accounted for 25% of between-
individual differences in body fat percentage for the 706 total subjects; adding age and sex as independent
variables to the regression model increased the variance (r2) to 67%. These results suggest that BMI is age
and sex dependent when used as an indicator of body fatness, but that it is ethnicity independent in black and
white adults. Am J Epidemiol 1996; 143:228-39.
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The hallmark of obesity is excess adipose tissue. At
present the quantification of adipose tissue mass in
vivo requires costly equipment (1-3). Some methods
involve radiation exposure (2-5), and many tech-
niques are not practical for epidemiologic studies.

Body weight adjusted for stature is often used as an
alternative to the measurement of adipose tissue mass
in the evaluation of individuals or populations for
obesity (6). One such measure now in widespread use
is Quetelet's index, which is body weight (in kg)
divided by stature (in m2) (6). Better known as body
mass index (BMI), this measure was an attempt by the
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19th century mathematician Lambert Adolphe Jacques
Quetelet to describe the relation between body weight
and stature in humans (7).

The recent use of BMI represents an effort to derive
a measure of adiposity by adjusting body weight for
individual differences in stature. Many studies have
shown that BMI is a reasonable measure of adiposity
(6, 8-12) given that body weight and stature are
simple, inexpensive, safe, and practical measurements
to acquire.

A major assumption is that BMI represents adipos-
ity independent of age, sex, and ethnicity. In other
words, the use of BMI assumes that after adjusting
subjects' body weights for stature2, all subjects have
the same relative fatness regardless of their age, sex, or
ethnicity. There have been few investigations of the
validity of this assumption. Moreover, studies that
examined the relations between BMI, fatness, aging,
sex, and ethnicity usually relied on potentially biased
methods for estimating fatness. Bias can be introduced
into adipose tissue/fat measurements if a method
makes assumptions related to body composition pro-
portions and characteristics that are inaccurate across
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different populations. Among these methodological
concerns are the following observations: hydration of
fat free body mass changes with age and differs across
ethnic groups (13-15); the density of fat free body
mass changes with age and differs between men and
women (16, 17); and total body potassium decreases
with age (15) and fatness (18) and differs between
blacks and whites (19, 20). These between-group dif-
ferences influence the absolute accuracy of methods
for estimating fatness such as the two-compartment
total body water, underwater weighing, and total body
potassium methods (21).

Another concern is that body weight may be asso-
ciated with relative extremity length independent of
total stature, and this is hypothesized to influence the
association between fatness and BMI (22, 23). Due to
kyphosis and osteoporotic degeneration of vertebral
bodies, older subjects reportedly have a higher propor-
tion of stature contributed by the lower extremities and
pelvis than do young subjects (24-27). Similarly, the
lower extremity to stature ratio is reportedly greater in
blacks than in whites (14, 20).

This study used modern methodology to quantita-
tively test the hypothesis that BMI is representative of
fatness independent of age, sex, and ethnicity in adult
black and white men and women across a wide age
spectrum. In addition, the influence of relative extrem-
ity length on the association between BMI and body
fatness was investigated.

METHODS

Experimental design and protocol

Four studies were completed in each subject—an-
thropometry, hydrodensitometry, tritium dilution vol-
ume measurement, and dual photon absorptiometry.
These studies provided the measurements needed to
calculate BMI, total body fat, relative extremity
length, and waist to hip circumference ratio. The ratio
of waist to hip circumference was used as a measure of
adipose tissue distribution (28). Fatness was examined
in relation to age, sex, ethnicity, and waist to hip ratio
after controlling first for BMI.

Body mass index is traditionally calculated as body
weight divided by the square of total subject height. If
a subject decreases in stature due to loss in vertebral
bone with age, there would be a corresponding in-
crease in BMI. A change in the relation between BMI
and fatness would occur due to this loss in stature,
assuming that body weight and fatness remained con-
stant. The linear dimensions of appendicular bones
such as the tibia do not change with aging as do
vertebrae (24-27). We therefore explored the fatness-
BMI relation with aging and also examined an alter-

native index not influenced by stature loss, the ratio of
body weight to absolute tibia length squared.

Black and white subjects of similar age and stature
differ significantly in relative extremity lengths (14,
20). We examined the proportion of total stature as
tibia length in the current study and compared the tibia
with stature ratio between black and white groups
within each sex. The availability of the tibia to stature
ratio also allowed us to examine the potential effects
of relative lower extremity length on any observed
black-white differences in the relation between body
fat percentage and BMI.

All measurements were carried out on the same day
with each subject clothed in a hospital gown and
wearing foam slippers. After fasting overnight, sub-
jects reported for testing to the Body Composition
Core Laboratory of the New York Obesity Research
Center. The four experimental studies were then com-
pleted over 4 hours.

Subjects

A total of 202 black and 504 white subjects who had
participated in a larger (ongoing) multiethnic body
composition investigation (20, 29) were included in
this study. There were 312 men (98 black and 214
white) and 394 women (104 black and 290 white).
Subjects with an empirically set BMI of ^35 kg/m2

were excluded from the present analysis due to meth-
odological concerns such as ability to complete the
underwater weighing procedure and technical limita-
tions of dual photon methods in markedly overweight
subjects (30). The subjects were recruited from 1986
to 1992 through advertisements in local newspapers,
on radio stations, and in flyers posted in the commu-
nity. Inclusion in the study required that subjects be
ambulatory with no orthopedic problems or medical
conditions known to affect any of the variables under
investigation. Race was determined by self-report.
Black subjects had to report both parents and all
grandparents as non-Hispanic black. Likewise, white
subjects had to report both parents and grandparents as
non-Hispanic white. The study was approved by the
Institutional Review Board of St. Luke's-Roosevelt
Hospital, and all subjects gave written consent to par-
ticipate.

Body composition

Anthropometry. Body weight was measured to the
nearest 0.2 kg (Weight Tronix, New York, New York)
and height to the nearest 0.5 cm using a stadiometer
(Holtain, Crynych, Wales). Waist circumference was
obtained with a measuring tape at the level of the
narrowest part of the torso as viewed anteriorly. Hip
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230 Gallagher et al.

circumference was measured at the level of maximum
extension of the buttocks as viewed from the side.

Hydrodensitometry. Body density and volume
were determined by hydrodensitometry as previously
described (31). The hydrodensitometry system re-
quires that the subject kneel onto a platform supported
by four force transducers (Precision Biomedical Sys-
tems Inc., University Park, Pennsylvania). Each sub-
ject wore a bathing suit and performed five to 10
submersions with maximal exhalation. The greatest
weight recorded twice was considered the underwater
weight. Prior to submersion, residual lung volume was
estimated using the closed circuit oxygen-dilution
technique (32), and body volume was adjusted accord-
ingly. The within-person day-to-day coefficient of
variation in our laboratory is 0.33 percent for body
volume (33).

Tritium dilution. Total body water (TBW) was de-
termined using 0.19 Bq 3H2O (32). Blood samples
were collected before and 3 hours after an oral 3H2O
dose. Tritium concentration in prepared blood samples
was analyzed by scintillation counting. Loss of isotope
in urine was accounted for, allowing for the calcula-
tion of dilution volume. A correction of 5 percent was
made in the dilution volume for nonaqueous hydrogen
exchange (2), and TBW was calculated as follows:
TBW (in kg) = 3H2O dilution space (in liters) X 0.95
X 0.99371. The within-person day-to-day coefficient
of variation for the TBW method is 1.5 percent (34).

Dual-photon absorptiometry. Total body bone
mineral mass (TBBM) was measured by either a
whole body 153Gd dual-photon (44 and 100 KeV)
absorptiometer (DP-4, Lunar Radiation Corporation,
Madison, Wisconsin) or by a whole body dual-energy
(40 and 70 KeV) x-ray absorptiometer (DPX, Lunar
Radiation). Previous results from our laboratory
showed a mean difference of 0.7 percent and a high
correlation (r = 0.98) for TBBM measured by the
DP-4 compared with the DPX system in 81 subjects
(35). Total body bone mineral values derived from the
DP-4 system were converted to DPX values using the
following regression equation (31): TBBMDPX =
0.0430 + (0.96 X TBBMDP-4). All DPX measure-
ments were analyzed with Lunar software version 3.4.
The within-person day-to-day coefficient of variation
for TBBM is 1.0 percent by DP-4 and 0.5 percent by
DPX (35).

Skeletal dimensions were measured in centimeters
by a single reader using an engineering caliper
(Staedtler Corporation, Frankfurt, Germany). The
skeletal planogram generated by the dual photon scan
was used to measure tibia length, from the lateral
condyle to the medial malleolus, and total subject
skeletal length, from the apex of the cranium (skull) to

the plantar surface of the feet. The ratio of tibia to total
subject skeletal length was used as a measure of the
proportion of total stature accounted for by the lower
extremities. Absolute tibia length was calculated from
the subject's tibia length to total length ratio measured
in the dual photon scan and their actual height as

X actual height.

Calculations and statistical analyses

Total body fat was quantified in all subjects using a
four-compartment model (33) that requires measure-
ments of body volume, TBW, TBBM, and body
weight. The method provides fat estimates that are
independent of major age-, sex-, and ethnicity-related
assumptions (33). We used the following equation: fat
mass = 2.513 X BV - 0.739 X TBW + 0.947 X
TBBM - 1.79 X BW, where BV is body volume and
BW is body weight (36). The propagated measurement
error for this method is 3.0 percent of fat weight or < 1
percent of body weight (36).

Differences between ethnic groups were tested us-
ing Student's t test. Pearson's correlation coefficients
were calculated to investigate the relations between
BMI, age, and body composition variables. Multiple
linear regression analysis was used to investigate the
possible influence of age, sex, and ethnicity on the
relation between body fat percentage and BMI. Per-
centage of body fat was used as the dependent vari-
able, and BMI, sex, age, ethnic group, and their inter-
action terms were used as independent variables.
These analyses were repeated using body weight, stat-
ure, and fat mass instead of body fat percentage as
dependent variables. Two-sided p values were consid-
ered significant at p < 0.05. Pooled subject data are
expressed as the mean with standard deviation. Data
were analyzed using the SAS statistical program (Sta-
tistical Analyses System, SAS Institute, Inc., Cary,
North Carolina).

RESULTS

Baseline group characteristics

Baseline characteristics for the study population are
presented in table 1 for women and in table 2 for men.
Age and height were similar for black and white
subjects within each sex. Body weight, BMI, fat mass,
body fat percentage, and fat free body mass were all
significantly greater (p = 0.0001) in black compared
with white women. Black men had a greater waist to
hip ratio than white men (p = 0.0001) but were
similar for all other characteristics.
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TABLE 1. Group characteristics of black and

Age (years)
Body weight (kg)
Height (m)
Body mass index (kg/m2)
Body fat

%
kg

Fat free body mass (kg)
Circumference (cm)

Waist
Hip

Waist/hip
Tibia/total body length

* SD, standard deviation.
t For black vs. white women.

I

Mean

49.6
71.2

1.62
27.0

35.6
26.0
45.2

83.4
97.4

0.85
0.233

TABLE 2. Group characteristics of black and

Age (years)
Body weight (kg)
Height (m)
Body mass index (kg/m2)
Body fat

%
kg

Fat free body mass (kg)
Circumference (cm)

Waist
Hip

Waist/hip
Tibia/total body length

Mean

47.5
79.6

1.75
25.8

21.7
17.7
61.9

89.6
92.9

0.96
0.233

white women,

Black
;n=104)

(SD*)

(16.2)
(12.3)

(0.06)
(4.3)

(8.5)
(9.5)
(6.0)

(11.8)
(11.5)

(0.06)
(0.011)

New York City,

Women

(/

Mean

50.3
61.8

1.63
23.3

30.3
19.3
42.5

74.8
93.0

0.80
0.227

1986-1992

White
1 = 290)

(SD)

(18.7)
(10.0)

(0.07)
(3.7)

(8.6)
(8.0)
(5.2)

(9.5)
(9.4)
(0.05)
(0.012)

white men, New York City, 1986-1992

Black
(n = 98)

(SD*)

(16.1)
(12.2)

(0.07)

(3.3)

(7.9)
(8.1)
(8.6)

(10.1)
(9.5)
(0.05)
(0.012)

Men

(r

Mean

47.8
77.4

1.75
25.2

21.2
16.8
60.6

87.5
93.1

0.94
0.229

White
> = 214)

(SD)

(18.0)
(11.0)

(0.07)
(3.1)

(7.8)
(7.7)
(8.0)

(9.2)
(8.7)
(0.04)
(0.021)

p
valuef

0.73
0.0001
0.72
0.0001

0.0001
0.0001
0.0001

0.0001
0.0008
0.0001
0.0001

p
valuef

0.88
0.11
0.91
0.08

0.65
0.34
0.19

0.07
0.85
0.0001
0.02

* SD, standard deviation,
t For black vs. white men.

BMI relations

BMI versus age and body composition. The corre-
lation coefficients for BMI versus age and body com-
position variables are shown in table 3. Body mass
index increased significantly with age in black and
white women and in black men. Body mass index was
significantly correlated with height in white women
only. Body mass index was highly correlated with
body weight, body fat percentage, and fat mass in all
four subgroups.

Percentage of body fat versus BMI. There was a
significant linear correlation between body fat percent-
age and BMI in both black and white women (figure
1). Squaring body mass index did not contribute sig-
nificantly to a model containing BMI as an indepen-

TABLE 3. Correlation coefficients for body mass Index
versus age and body composition, New York City, 1986-1992

Age
Height
Body weight
Body fat (%)
Body fat (kg)
Fat free body

mass (kg)

Women

Black

0.23*
-0.07

0.89***
0.75***
0.89***

0.42***

White

0.21 • * •
-0 .19* *

0.87***
0.72***
0.87***

0.33***

Men

Black

0.25*
0.02
0.85***
0.63***
0.78***

0 .48***

White

0.07
-0.04

0.84***
0.58***
0 .75 ' * *

0.44***

• p < 0.05; •* p < 0.01; ••* p < 0.001.

dent variable in women (p values = 0.34 and 0.08 for
black and white women, respectively).
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FIGURE 1. The relation between body fat percentage and body mass index (BMI, kg/m2) in black (O) and white (•) women ages 20-89
years.

In men, there was also a statistically significant
linear relation between body fat percentage and BMI
(figure 2). In addition, as with women, squaring BMI
did not contribute significantly to the model (p values
= 0.57 and 0.99 for black and white men, respective-
iy).

Addition of age to the model. To investigate
whether the relation between fatness and BMI was
independent of age, multiple regression analyses were
performed with body fat percentage as the dependent
variable and BMI and age as independent variables.
The analyses were performed separately for each sex
and ethnic group (table 4).

Age contributed significantly to the model in all
four subgroups, indicating a relatively greater body fat
percentage in older versus younger persons of compa-
rable BMI. The interaction term between BMI and age
(and between BMI2 and age for women) did not con-
tribute significantly to the model {p values for the
interaction terms were greater than 0.14) in the four
sex/ethnic groups. The combination of body mass in-
dex and age explained 58 and 56 percent of the vari-
ance in body fat percentage in black and white women,
respectively. In men, the explained variance was low-

er—44 and 52 percent for blacks and whites, respec-
tively. The difference in the body fat percentage-BMI
relation between young (<35 years) and older (>65
years) subjects is shown in figure 3 for women and
figure 4 for men.

The ratio of tibia length to total stature tended to
increase with age; however, none of the correlations
were statistically significant within each sex and eth-
nic group. In addition, the strong influence of age on
the relation between BMI and body fat percentage
persisted in all subject groups when body weight/tibia
length2 was substituted for BMI. Age contributed sig-
nificantly to the model with body fat percentage as the
dependent variable and body weight/tibia length2 as an
independent variable (p = 0.0001 for white men and
women, p = 0.07 for black women, and p = 0.008 for
black men).

Addition of sex to the model. An analysis investi-
gating whether the relation between body fat percent-
age and BMI is significantly different between men
and women was carried out for each ethnic group
(table 5). Because the association between fatness and
BMI was shown to be age dependent, age was con-
trolled for in the model prior to adding the sex term. A
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BMI
FIGURE 2. The relation between body fat percentage and body mass index (BMI, kg/m2) in black (O) and white (•) men ages 20-94 years.

TABLE 4. Multiple regression analysis
York City, 1986-1992

Coefficient

Intercept
Body mass Index
Age
/•2t

of body fat percentage versus body mass

Women

Black

Mean ± SEt

-6.254 ± 3.595
1.419 ±0.131***
0.072 ± 0.035*

0.58 ± 5.53

White

Mean ± SE

-11.666 ±2.229***
1.591 ±0.095***
0.096 ±0.019***
0.56 ± 5.75

Black

Mean ± SE

Index and age, New

Men

White

Mean ± SE

-18.624 ±4.774** -22.519 ± 3.145***
1.367 ± 0.187*** 1.402 ±0.121***
0.105 ±0.039* 0.177 ±0.020***
0.44 ± 5.95 0.52 ± 5.43

• p < 0.05; •* p < 0.01; • • • p < 0.001.
t SE, standard error; r2, explained variance of the model.

significant negative regression coefficient was found
for sex in both black and white subjects, thereby
indicating that for the same BMI and age, men had a
lower body fat percentage compared with women. The
r2 values for the body fat percentage model containing
BMI, age, and sex as independent variables were 0.72
for black subjects and 0.64 for white subjects (table 5).

The ratio of tibia length to stature was not signifi-
cantly different between men and women in either
black (p = 0.97) or white (p = 0.12) subjects. Thus,
the observed differences in the relation between fat-
ness and BMI between men and women cannot be

explained by sex differences in lower extremity stature
proportions.

Addition of ethnicity to the model. Multiple regres-
sion analysis was performed for all subjects pooled
with body fat percentage as the dependent variable and
BMI, age, sex, and ethnic group as independent vari-
ables (table 6). The r2 values for the body fat percent-
age models that include BMI, BMI + age, and BMI +
age + sex as independent variables are 0.26, 0.34, and
0.67, respectively. No significant additional variance
was explained by the addition'of ethnicity {p = 0.66)
or its interaction terms to the model.
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BMI
FIGURE 3. The relation between body fat percentage and body mass index (BMI, kg/m2) in all young (<35 years, O) and elderly (>65 years,
• ) women.

The ratio of tibia length to stature was significantly
greater in blacks of both sexes relative to whites (ta-
bles 1 and 2; p = 0.02 for men and p = 0.0001 for
women). Despite these skeletal differences, there were
no significant ethnic differences in the fatness-BMI
relation within each age and sex group.

Black subjects of both sexes had significantly (p =
0.0001) greater waist to hip circumference ratios than
did white subjects (tables 1 and 2). Waist to hip ratio
did not add significantly to the model in either black or
white subjects (table 5). The addition of waist circum-
ference to the model presented in table 5 (which in-
cluded BMI, age, and sex) marginally increased the
explained variance in black and white subjects (0.72-
0.73 and 0.64-0.66, respectively). Thus, although
black and white subjects clearly differed in adipose
tissue distribution, waist to hip ratio and waist circum-
ference did not influence the relation between body
fatness and BMI between the two ethnic groups after
controlling for age and sex.

Other analytical approaches

When body fat percentage was used as the depen-
dent variable and body weight and height as separate

independent variables in the model, results were sim-
ilar to those obtained when BMI was used as the
independent variable. The influence of age and sex
was very significant (p < 0.001) in the alternative
model, and no ethnicity effect was observed. How-
ever, the explained variance of body fat percentage
was lower when body weight and height were used as
separate independent variables (r2 = 0.53) compared
with the model in which BMI was an independent
variable (r2 = 0.67). When fat mass (in kg) was used
as the dependent variable, the relation between fat
mass and BMI was comparable with those observed
when body fat percentage was used as the dependent
variable.

DISCUSSION

The present study investigated a cohort of adult
subjects using a multicomponent body composition
model to estimate total body fat. Results suggest that
the relation between fatness and BMI is significantly
influenced by age and sex but is independent of eth-
nicity in black and white adults of BMI <35 kg/m2.
These results have implications for the use of BMI as
an index of body fatness.
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15 20 25 30
BMI

40

FIGURE 4. The relation between body fat percentage and body mass index (BMI, kg/m2) in all young (<35 years, O) and elderly (>65 years,
• ) men.

TABLE 5. Multiple regression analysis of body fat
percentage versus body mass Index, age, and sex, New York
City, 1986-1992

Subjects

Coefficient

Intercept
Body mass index
Age
Sex*
r2t

Black

Mean ± SEt

-6.489 ± 2.949*
1.399 ± 0.108"
0.088 ± 0.026**

-12.156 ±0.814**
0.72 ± 5.71

White

Mean ± SE

-11.520 ± 1.799**
1.506 ± 0.075**
0.133 ±0.014**

-11.481 ±0.530**
0.64 ± 5.66

*p<0.05; •• p< 0.001.
t SE, standard error; r2, explained variance of the model.
i 0 = female; 1 = male.

BMI-age relations

Our findings indicate that when comparing young
and old subjects who have similar BMIs, the older
person will have a greater percentage of body weight
as fat. Although other investigators have made similar
observations (11, 37), our study is the first to use a
method of estimating total body fat that is unbiased in
providing body composition estimates in the elderly.

The findings indicate that in hypothetical cases of
23 kg/m2 BMIs for men and women, there is an

increase in body fat percentage of approximately 1.0-
1.1 percent and 0.7-1.0 percent per decade, respec-
tively. The mechanisms of increasing relative fatness
and corresponding reduction in lean tissue with aging
are multifactorial and include such factors as disuse/
physical inactivity (38), altered hormone/cytokine me-
tabolism (39), protein-energy malnutrition (40), and
other as yet not clearly identified factors. As the con-
tribution of these factors may vary between subjects,
our results should be considered population specific
and generally applicable to healthy ambulatory per-
sons who do not engage in extensive physical activity
or exercise training.

Another aspect of our age analysis was to estab-
lish whether elderly persons had an increase in the
lower extremity (i.e., tibia) to stature ratio due to
osteoporosis-related decline in stature. Garn et al.
(22), Quaade (23), and others have suggested that
BMI fails to consider individual differences in skele-
tal proportions that in turn might influence BMI-fat-
ness relations. As an example, Quaade hypothesized
that solid extremities weigh more per unit length
than does the partially air-filled trunk (23). Accord-
ing to this theory, an individual with relatively long
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TABLE 6. Multiple regression analysis
population, New York City, 1986-1992

Body mass index

Mean ± SEf

1.34 ±0.07**
1.23 ± 0.08**
1.46 ±0.06**
1.47 ± 0 . 0 6 "

Age

Mean ± SE

0.15 ±0.02**
0.12 ±0.01**
0.12 ±0.01**

of body fat percentage versus body mass

Regression coefficients

Sex*

Mean±SE

-11.61 ±0.44**
-11.61 ±0.44**

Ethnic group§

Mean±SE

-0.22 ± 0.49

index, age, sex, and

Intercept

Mean ± SE

-6.07 ±2.12
-10.77 ±2.07
-10.02 ± 1.46
-10.13 ± 1.48

ethnicity for the

SEE

• 8.48
•• 8.04
•* 5.68
** 5.68

total study

0.26
0.34
0.67
0.67

* p < 0.01; *• p < 0.0001.
t r2, explained variance of the model; SE, standard error; SEE, standard error of the estimate.
t 0 = female; 1 = male.
§ 0 = white, 1 = black.

legs would have a greater body weight and BMI
than a height-matched subject with short extremities.

In the current study, we examined these concepts
using the tibia to stature ratio as a measure of lower
extremity to trunk and total stature proportions. Al-
though we found a small increase in the tibia/height
ratio with age in some subgroups, particularly white
women, the effects were small and not statistically
significant. This may be partially explained by our
subject selection as we eliminated patients with obvi-
ous diseases, including elderly subjects with clinical
osteoporosis.

In a similar analysis, we examined in relation to
fatness the body weight to tibia length2 ratio as an
alternative to BMI. Because stature decreases with age
and tibia length does not, we considered the possibility
that fatness might increase with age in relation to BMI
but not body weight/tibia length2. This alternative
body mass index showed a relation to fatness (with age
as a significant covariate) similar to that observed with
BMI. This finding suggests that the observed increase
in fatness in relation to BMI with age is independent of
the senescence-related loss in stature.

Several population studies suggest that overall BMI
increases with age up to the fifth or sixth decade after
which BMI declines (41). We observed no obvious
BMI reduction in elderly subjects in the present study,
which suggests that our results may not be indicative
of the population as a whole. The current findings
therefore require confirmation in a large and represen-
tative cohort.

BMI-sex relations

The results of the current study indicate that BMI
cannot be used as a comparable measure of fatness in
men and women. Women have significantly greater
amounts of total body fat than do men for an equiva-
lent BMI. Although relative extremity length was not
significantly different between men and women, it is
unlikely that skeletal differences account for the sex

disparity in the relation between body fatness and
BMI.

The difference in fatness between men and women
of similar BMI was substantial and maintained
throughout all adult age groups. For example, a 20-
year-old man and woman of 23 kg/m2 BMI would
have 13.3 and 26.0 percent of body weight as fat,
respectively. By age 80 years, this man and woman
would have 23.9 and 32.6 percent of body weight as
fat, respectively.

As women and men of similar BMI differ substan-
tially in fatness, an important future consideration in
population studies, if feasible, is to include body com-
position estimates. This practice, which is already
being applied in a number of ongoing studies, will
help to clarify the female to male relations between
morbidity/mortality, body mass index, and fatness.

BMI-ethnicrty relations

Our results suggest that BMI reflects the same rel-
ative level of fatness in black and white persons of the
same age and sex. Therefore, BMI values of <35
kg/m2 can be compared directly as a measure of rel-
ative fatness between black and white subjects. This
observation applied in the current study even though
both black men and women had relatively longer
lower extremities than did white subjects. These ethnic
differences in skeletal proportions confirm earlier
studies in cadavers and in living subjects (14, 20, 42,
43).

Our findings differ from those of Kleerekoper et al.
(44) who studied BMI and body fatness (measured by
dual x-ray absorptiometry) in older black and white
women. These investigators did not find a difference
in percentage of body fat between black and white
women, although BMI was significantly higher in the
black women. These results suggest an influence of
ethnicity on the relation between BMI and body fat-
ness. Our two studies differ in several respects. First,
the subjects in Kleerekoper et al.'s study were all older
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women whose BMIs were greater than those of our
subjects. Second, body fatness was measured using
dual energy x-ray absorptiometry. There are at least
two explanations (one subject-related and the other,
technical) for these discrepant findings. First, it is
possible that black and white women of greater body
weights than studied in the current investigation differ
in fatness after controlling for BMI. Second, the pos-
sibility exists that dual energy x-ray absorptiometry
does not give reliable fat estimates in very obese
subjects. We considered this latter possibility in the
current study and enrolled subjects who had BMIs
<35 kg/m2. There is considerable evidence that dual
energy x-ray absorptiometry fat estimates are not re-
liable in very obese subjects due to attenuation arti-
facts caused by great body thickness (30) and by
subjects exceeding the scanner study window. Thus,
even though our study included a very large and care-
fully examined cohort of black and white subjects,
there remains some question about BMI-fatness rela-
tions in very obese older subjects.

We also found significant differences in the waist to
hip ratio, a measure of adipose tissue distribution,
between black and white subjects in the current study
even though the two ethnic groups had similar total
body fat after controlling for age and sex. Others have
also reported a greater waist to hip ratio in black
versus white subjects (45). Some of the observed eth-
nic difference in adipose tissue distribution in the
current study may be accounted for by greater total
body weight and fatness in the black women.

Analytical issues

Linear versus curvilinear model. The relation be-
tween percentage of total body fat and BMI through-
out the entire biologic range is curvilinear (9). Some
suggestion of the curvilinear relation of body fat per-
centage to BMI is suggested in figure 1, although we
found that a linear model fit the data equally as well as
alternative models. The possibility exists, however,
that a curvilinear model may have provided a better fit
than a linear model if we had included subjects with
higher BMIs. Our results and equations are therefore
applicable only for <35 kg/m2 BMIs.

Design of regression equations

The results of the present study support the use of
BMI as a means of adjusting body weight for height
rather than using body weight and height separately in
multiple regression equations for prediction of body
fat percentage. No improvement in variance estimates
was observed in body fat percentage regression equa-

tions when body weight and height were substituted
for BMI as independent variables.

Similarly, we used absolute fat mass as an alterna-
tive to body fat percentage as the dependent variable in
regression equations. In the present analyses, fat mass
and body fat percentage had equivalent overall results.
Although several previous studies have reported a
stronger relation between absolute fat mass and BMI
than between body fat percentage and BMI, the dif-
ferences observed are relatively small (9, 46).

Correlation versus prediction equations

Although the explained variance of the regression
model developed in all subjects combined (table 6) is
high (—67 percent), this does not imply that the model
can be used to predict percentage of body fat from
BMI. No advanced model building techniques were
used to develop the best prediction model. Further-
more, prediction models are likely to be population
specific and should be externally validated before be-
ing applied to other populations.

Study design

Because our study was cross-sectional, there is
clearly a need to explore the observed relations be-
tween BMI, fatness, age, sex, and ethnicity in longi-
tudinally evaluated cohorts. We are subsequently re-
examining some of the subjects in the current report
with this goal in mind.

Comparison with earlier studies

Our study confirms and expands on several ear-
lier investigations of BMI-body fat relations. These
studies, including our own, are summarized in table 7
for a representative 45-year-old man and woman with
BMIs of 27.8 kg/m2 and 27.3 kg/m2, respectively.

TABLE 7. Predicted body fat percentage based on published
body mass index (BMI) prediction equations*

Authorship
(reference no.)

Men Women

Womersley and Durnin (47)
Norgan and Ferro-Luzzi (48)

Garrow and Webster (9)
Heitman (49)
Deurenberg et al. (11)
Gallagher et al. (current data)

24.8
25.7t
27.3*
28.0
26.8
27.5
24.9

34.0

35.6
36.4
37.7
35.6

* The following obesity-defined BMI cut-off points and sex
characteristics were used: Men—BMI, 27.8 kg/m2; age, 45 years;
weight 85.1 kg; height, 1.75 m. Women—BMI, 27.3 kg/m*; age, 45
years; weight, 69.9 kg; height, 1.60 m.

t Equation based on BMI only.
t Equation based on BMI and age.
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Body mass indices greater than these levels are usually
considered diagnostic of obesity (41). The compiled
studies using different fat estimation methods and
including subjects in both Europe and the United
States show remarkable concordance in the percent-
ages of body fat that are indicative of obesity with
levels greater than 25 percent in men and 35 percent in
women at age 45 years.

Conclusion

The results of the present study demonstrate a strong
influence of age and sex, but not of ethnicity, on the
relation between BMI and body fatness. These find-
ings should be considered when interpreting BMI re-
sults in population studies and when designing clinical
trials in which body fatness is a main study variable.
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