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Looking back: BMI as a measure of body fatness: age- and sex-specific
prediction formulas. Thirty years later

This paper was based on measurements conducted at the
department of human nutrition at the Agricultural University
in Wageningen the Netherlands. The original ideas were from
Paul Deurenberg who was an assistant professor specialised
in methodologies to assess body composition and energy
metabolism. Paul Deurenberg was the supervisor of two PhD
students: Jan A Weststrate (1985–1988) and me (1983–1986)
together with the help of many other colleagues and students
performed large series of anthropometric measurements of peo-
ple from all ages whowere enrolled in different projects on body
composition. In all, it took almost more than five years to com-
plete all measurements in 1229 individuals. In all of these people
we measured, apart from a detailed set of anthropometric mea-
surements, body density by underwater weighing.

At that time, we realized that the BMI (or Quetelet’s Index)
had severe limitations when it came to assessing an individ-
ual’s body fatness. Not only was the correlation between
BMI fatness not the same across different age groups but also
due to differences in body composition between males and
females, and the age-related increase in body fat mass and
the decrease in fat-free mass the relationship between BF%
and BMI should be sex- and age-dependent.

There were, however, at that time no equations from which
one could assess body fat percentage from BMI.

Inspired by the paper byDurnin andWomersley(1), who pub-
lished equations fromwhich body fatness (as measured by body
densitormetry) could be estimated from skinfolds we decided to
develop such equations for the BMI.

What did the paper tell us and why is it so highly cited?

In children aged between 4 and15 years, the body fat percentage
(BF%) could be predicted by the formula BF%= 1·51 × BMI–
0·70 × age–3·6 × sexþ 1·4. Sex was scored as zero for women
and one for men. This equation implies that at a given BMI
and age, boys have a 3·6 percent point lower body fat percent-
age than girls and that for a given BMI and sex older children
have a lower fat percentage than younger children. The
explained proportion of variance of body fat percentage by this
equation was, however, relatively low (38 %).

In adults, the prediction formula was BF
%= 1·20 × BMIþ 0·23 × age–10·8 × sex–5·4. Again, sex was
scored as zero for women and one for men.

This implies that for a given BMI and age, men have a 10·8
percent point lower body fat percentage compared with women

and that body fatness at a given BMI increases with age. In con-
trast to children, this equation explained a large proportion of the
variance (79 %).

The correlations between BMI and body fat percentage dif-
fered greatly by sex and age. The lowest correlation was in
adolescent boys aged 16–20 years (r = 0·39) and men aged
66 years and older (r 0·37. The highest correlations were
observed in men and women aged 26–35 years (r−0·92 and
0·89, respectively).

The equations were cross-validated (they were con-
structed from data in half the sample and validated in the
other half).

A somewhat unexpected finding was not only an inverse
relation between BMI and height in adults but also between
body fat percentage and height. This may well have been
an effect of age because older adults tended to be shorter
and had a relatively high BMI and body fat percentage. But
it does suggest that the presumption that an index based on
height and weight needs to be independent of height may
not be true.

The paper continues to be highly cited. On January 5th, it
was cited 806 times according to the Web of Science and 1840
times according to Google Scholar. Remarkably, the yearly
number of citations increased over time and reached its peak
in 2017 (132 citations in Google Scholar in that year; 26 years
after its publication). The reason the paper is highly cited may
be the widespread use of the BMI and the need to translate
BMI values into levels of fatness. The paper is also often cited
in the context of the low correlation between BMI and body
fatness in specific age groups (particularly in growing children
and older people).

What happened next?

Paul Deurenberg continued to perform body composition
research. First in Wageningen and subsequently in Singapore
where he particularly focused on the ethnic differences in body
composition and health of the local population (Malay, Chinese
and Indian). He suggested that ethnic-specific criteria are
needed to specify levels of fatness and associated cardiometa-
bolic health indicators(2).

Jan A. Weststrate pursued a career in research and devel-
opment in the food industry (in companies such as Unilever,
PepsiCo). From 1983 to about 2002, I focused much on the
importance of body fat distribution to health rather than
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overall body fat. Particularly I studied the relation between
abdominal (visceral) fat and health before I moved into pub-
lic health research. I coauthored two recent position state-
ments that focused on the importance of looking at
specific fat depots in the body rather than total body fat-
ness(3,4). But despite the general recognition that body fat dis-
tribution is critically important in cardiometabolic health, the
BMI continues to be used widely in clinical practice and epi-
demiological research to evaluate adipose tissue accumula-
tion-related health risks.
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