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Properties and clinical implications of body
mass indices

K P Fung, J Lee, S P Lau, 0 K W Chow, T W Wong, D P Davis

Abstract
The properties of body mass indices were
evaluated in a cross sectional study of the
weights and heights of 5016 Chinese boys and
girls aged between 3 and 18 years. Of the
indices examined (weight/height (W/H),
weight/height2 (W/H2), weight/height3 (W/H3)
and weight/heightP (W/HP)), W/HP was the
only one that consistently showed least corre-
lation with height, and so could be regarded as
the optimal body mass index by the criterion
of indepence of the index from height. The
exponent 'p' of W/HP is, however, highly
dependent on age; the value increases steadily
between the age of 3 and 7-9 years, and then
varies considerably around puberty. Only the
age specific exponent ensures a lack of corre-
lation between body mass index (W/HP) and
height. Age specific W/HP should therefore be
used in intrapopulation studies of weight or
problems associated with obesity in children.
Interpopulation comparison of weight and
adiposity by W/H, W/H2, or W/H3 may give
misleading results because of their depen-
dence on height. Our results also suggest
that the conventional weight for height charts
may not be accurate enough for clinical use.
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Weight for height indices (body mass indices)
have been extensively used as indirect measures

of obesity to study the nutritional state of
children and the epidemiology of diseases
associated with obesity. Derived solely from
measurements of weight and height, the optimal
body mass index should correlate most accu-

rately with weight and adiposity, and be only
minimally biased by height.' The latter assump-
tion is justified by the independency of adipo-
sity to height.2' Despite their high intercorrela-
tions and similar correlations with weight and
adiposity,5-7 traditional body mass indices
(weight/height (W/H), weight/height2 (W/H2),
weight/height3 (W/H3) and weight/heightP
(W/HP)) do not seem to be interchangeable in
exploring associations between obesity and
disease8 and the incidence of obesity.9 1o Indis-
criminate use of body mass indices may result in
contradictory clinical inferences. For equal
correlations with adiposity and body weight, it
is probable that the best body mass index would
be the one that was the least dependent on

height; this can be found by calculating the best
exponent 'p' for Benn's index (W/HP)." In
heterogeneous adult populations, 'p' is usually
close to 2, and therefore W/H2 has been consis-
tently recommended as the power index.?5 In
children, however, 'p' is expected to vary when

tissue composition and body frame change
rapidly during growth and puberty. We studied
the serial change in the exponent of Benn's
index (W/HP) from childhood to adulthood so
that we could compare the properties of the
different body mass indices and discuss the
clinical implications.

Patients and methods
A total of 2480 boys and 2536 girls aged from 3
to 18 years were recruited from five schools and
four kindergartens between 1984 and 1986.
These institutes were located in different areas
of Hong Kong. All children belonging to ran-
domly selected classes were studied. Essen-
tially, therefore, our subjects represented an
even social class distribution of Hong Kong.
Children who had had recent acute or chronic
illnesses, as well as those with obvious dysmor-
phic features and skeletal deformities, were
excluded.'2 13 Standing height was measured
with a Harpenden stadiometer to the nearest
mm,14 and body weight was recorded on a cali-
brated scale to the nearest 50 g for children
under 7 years old, and the nearest 0-2 kg for
older children. Children were measured and
weighed without shoes and in standard light
summer uniform (which weighed <0-2 kg).
Decimal age was calculated from the date of
birth and the date of examination.

STATISTICAL METHOD
Body mass indices were computed separately
for boys and girls, who were divided into age
groups in yearly intervals from 3 to 17 years, as
well as for all age groups combined. W/H,
W/H2, and W/H3 were calculated directly from
weight (kg) and height (cm). The exponent 'p'
of Benn's index (W/HP) and their standard
errors (SE) for each age specific group and the
overall age groups were computed in two diffe-
rent ways: firstly, more accurately, as the slope
of the linear regression of logarithmic trans-
formed weights and heights and, secondly, as
x mean height/mean weight according to

Benn's approximation principle, where 13 is the
slope of the linear regression of weight on height
for the individual groups concerned." The
linear regression was weighted against the recip-
rocal of W2 because of heterogeneity of
variance.'5 The non-parametric Spearman rank
method was used to correlate the derived body
mass indices with the heights, because the mea-
surements of height were not normally distri-
buted. The x2 test was used to assess the signfi-
cance of differences between groups.
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Results
The exponents (p) ofW/HP derived by logarith-
mic regression are comparable with those
approximated by weighted linear regression for
age specific and all age groups from the age of 3
to 6 years (table 1). Their values rise steadily
until the age of 6 years; they then climb rapidly
and peak at the age of 9 years (p' 3-81) for boys
and 7 years (p'=2 98) for girls. They peak again
at the age of 11 years for both sexes before they
decline to much lower values. The exponents
for children older than 6, and for overall age
groups estimated by Benn's modified approx-
imation method, deviate significantly from
those calculated by logarithmic linear regres-
sion.

In the age specific groups (table 2), Spearman
rank correlation coefficients (in absolute values)
that relate body mass index to standing height,
rank highest for W/H, followed by W/H2, and
finally by W/H3 for groups at the age between
around 7 to 13 years. The reverse is the case

outside this age range. Age specific W/HP is the
only body mass index that consistently fails to
correlate with height. When the slope ,3 of the
logarithmic linear regression (log W on log H)
for the overall sex specific group is used as the
exponent of W/HP (p=,3), the correlation
between this body mass index and height in age
specific groups becomes highly unpredictable
and inconsistent (table 2). The absolute rank
correlation coefficients vary between a negli-

gible 0-0019 and a highly significant 039
(p=00003). When all age groups are pooled,
however, all the body mass indices (including
W/HP", table 2) are significantly dependent on
height. The age dependent properties of body
mass indices are similar in boys and girls.

Discussion
The dependency of 'p' on age in children has
not been studied thoroughly. Dugdale proposed
W/H1 6 and W/H2 42 as age independent nutri-
tion indices for children above and below 5
years old, respectively.10 16 Cole has shown that
'p' rises from the age of 5 to 12 years by differ-
entiating the National Center for Health Statis-
tics (NCHS) median standard weight/height
curves plotted against age.17 The 'p' computed
by this method, which ignores the data distribu-
tion and heterogeneity of variance in age speci-
fic subgroups, is not quite independent of
height." Our data have shown that the expo-
nent of W/HP changes substantially with age.
Although 'p' increases steadily in early child-
hood, its value around puberty becomes highly
variable, and probably does not follow any

pattern. Cole has recently observed that the 'p'
for white boys peaks around the age of 11, about
18 months later than that of girls. The differ-
ence in the timing of spurts between the boys
and girls has been attributed to the earlier
occurrence of puberty in girls. 18 Such a

Table I Exponents for the WIHP body mass index and their standard errors

Boys Girls

Age (years) No of subjects p' (SE) p (SE) No of subjects p' (SE) p (SE)

3 174 2-29 (0-13) 2-22 (0-14) 169 2-05 (0-14) 2-00 (0-14)
4 328 2-39 (0 10) 2-22 (0 11) 305 2-15 (0- 10) 2-06 (0 10)
5 321 2-67 (0-12) 2-44 (0-13) 304 2 57 (0-13) 2-43 (0-14)
6 438 2-58 (0-12) 235 (0-14) 362 2-67 (0-13) 2-51 (0 15)
7 258 2-87 (0-17) 2-52 (020) 269 2-98 (0-16) 2-69 (0-17)
8 117 3-02 (029) 2-66 (0-32) 127 2-77 (0-23) 2-53 (0-24)
9 86 3-81 (0-30) 3-36 (0 34) 92 2-66 (0 22) 2-39 (0-24)
10 88 2-86 (0 40) 2-38 (0-45) 92 2 91 (0 33) 2-76 (0-36)
11 94 3-48 (0-37) 2-92 (0 42) 100 3-19 (0-31) 3-23 (0-31)
12 98 3-42 (028) 3-17 (0 30) 120 2-87 (0-31) 2-67 (0 33)
13 93 2-79 (0-29) 2-42 (0 35) 119 2 53 (0-31) 2 35 (0 34)
14 88 2-44 (0 32) 2-30 (0 35) 122 1-92 (0-36) 2-01 (0-38)
15 104 2-91 (0 34) 2-60 (0 37) 131 105 (0-24) 105 (0-27)
16 98 2-51 (0-31) 2-47 (032) 112 2-01 (035) 1-85 (036)
17 95 1-28 (0-41) 1 50 (0-35) 112 1-96 (033) 1-80 (0-35)

All ages 2480 2-57 (0 01) 2-20 (0 02) 2536 2-64 (0-02) 2-21 (0-02)

p' =Exponent derived from logarithmic transformed linear regression. p=Exponent derived from weighted linear regression.

Table 2 Spearman rank correlation coefficients for body mass indices and standing height

Boys Girls

Age (years) WIHP W/H WIH2 WIH3 W/HP" WIHP WIH wlH2 WIH' WIH"'

3 -0-03* 0-53 0.12* -0-38 -0 17 0 02' 0-47 0 04* -0-48 -0-31
4 -0-08* 0-61 0-16 -0-38* -0 17 -001' 052 007* -0-42 -0-26
5 -0-12* 0-61 0-23 -0-26 -0 06 -0 02' 0.59 0 25 -0-21 -0 05'
6 -0.06* 0-55 0.19 -0-23 -0 06* -0-07 ' 0 56 0-22 -0 19 -005 '
7 -0 11* 0-53 0-23 -0-15 0 01* -0-02* 0-59 0-32 -0-03' 0 11*
8 -0.07* 0 59 0-29 -0 06* 0-08* -0-02* 0-52 0 25 -0 09* 0-02'1
9 -006* 076 0 58 0-24 0-39 000* 0-63 0 30 -0-13' 0-02
10 -0-04* 0 48 0 23 -0-06* 0.04* 0 01 0-59 0-35 0-03 0 12'
1 1 001* 0-59 0-36 0.10* 0 21 0-02' 0-56 0 36 0 091 0 19'
12 -0-02* 0-67 0-49 0 14* 0-32 -0.01* 0.51 0-28 -0.06* 0-06*
13 -0-03* 0-60 0 33 -0-13* 0-06* 0-02* 0-41 0-18 -0 11 ' 0.00*
14 0.01* 0 44 0.15* -0-16* -0.04* 0.00* 0-24 -0-02* -0-26 -0-18
15 -0-05* 0-43 0-21 -0 07* 0-04* 0-14' 0 15* -0-13* -0-38 -0-29
16 0.00* 0 44 0.15* -0-16* -0-02* -0O05* 0.19* -0-05* -0-29 -0-21
17 -0 03* 0 17* -0.06* -0-31 -0-21 -0-02* 0-25 -0-03* -0-29 -0-21

All ages 0 90 0 58 -0 59 -0-13 0-91 0 64 -0 49 -0 07

*No significant correlation with height (p>0-05). P=Age specific exponent derived from slope of log linear regression for each age
group. P"=Exponent derived from slope of log linear regression for all age groups.
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difference between the two sexes was not,
however, observed in our data. The 'p' for
English children rises steadily from 1-82/2-42
(boys/girls) at the age of 4, to 2-89 (boys and
girls) at the age of 11.19 This striking age depen-
dency of 'p' has not been observed in
adults2122; it may be attributed to differences in
body frame, and patterns of growth as well as to
variations in the distribution and deposition of
adipose tissue in puberty and adolescence.2125
Body mass index merely reflects body

weights among different subjects and 'may not
be the most reliable measure of obesity.26 There
is no simple and accurate alternative, however,
with which to compare nutrional state and
diseases associated *with obesity in children.
Hydrostatic weighting, whole 'body potassium
scintillation counting, and electric impedance
measurements are indirect estimations of adi-
posity that are not free from error27-29 and are
based on ideal but uncertain mathematical
assumptions and models.21 They are not suit-
able for routine clinical use or for epidemiologi-
cal studies. Measurement of skinfold thickness
is not easily reproducible.30 31 Even among
observers rigorously trained in the same anthro-
pometric techniques, the interobserver mea-
surement errors for measurement of skinfold
thickness (variance ratios 2-5 to 4-8, p<005)
are much greater those for weight and stature
(variance ratios 0-67 to 1-22, p>O 05).32 Skin-
fold measurements may account for only as little
as 16% of the'variance of fat body mass esti-
mated by underwater weighing33 or measure-
ment of potassium (40K) .34 Thus it is still uncer-
tain which anthropometric measurement or
combination of measurements may consistently
claim to give a more accurate estimate of body
fat.31 35

Inappropriate choice of body mass indices
may lead to misleading conclusions about nutri-
tional state, the incidence of obesity, and
the epidemiology of diseases associated with
obesity, because body mass indices are not
interchangeable."'0 Dugdale and Lovell have
shown that using W/H generated conflicting
statistics about obesity in Australian children. 10
Fixed exponent body mass indices, when
applied to the same sets of data, may show the
opposite association between obesity and the
risk of cancer,8 or give inconsistent ranks to
obesity among various ethnic groups.9 Only the
W/HP (that does not correlate with height)
provides consistent data. The optimal body
mass index must be independent of height, and
this has been emphasised' 4 11 16 and repeat-
edly stated in cross sectional as well as longitu-
dinal studies of children,25 36 37 adolescents
and adults.3 4 19 23 24 33 Himes and Roche,
however, have reported a curvilinear correlation
between fat thicknesses and stature in children
between 6 to 12 weeks old, and in adults,38 but
their observations are open to criticism. Firstly,
the inconsistent patterns of association with
respect to sex, age, and measurements (fat
thickness at calf and the level of the tenth rib)
may be the result of a change in the distribution
of body fat during growth. Secondly, the
sample of children may not represent those who
have much lower linear Pearson correlative

coefficients for stature and skin thick-
ness.25 33 36 37 The logical assumption that a
good body mass index must be independent of
measurement of height cannot therefore be con-
fidently refuted.
Comparisons of nutritional state, or the epi-

demiology of diseases associated with obesity
between two or more independent populations
using body mass index are legitimate only when
a constant exponent (p) is referred to the body
mass index calculations.20 For adults the W/H
and W/H2 (which are only relatively correlated
with height) have been used as compromise
'fixed exponent' body mass indices for the com-
parison of obesity or nutritional state between
populations known to have different 'p's.3 20 22
Fixed exponent body mass indices, however,
significantly correlate with height in children
and therefore their use in interpopulation com-
parison cannot be justified. The high age depen-
dency of 'p' clearly suggests that neither the
widely used W/H2-nor any other body mass
index with a constant exponent-is appropriate
for comparing nutritional state and obesity
between and within groups of children. Age
specific 'p's should be used for accurate intra-
population studies of problems of overweight in
children.
The American weight for height standards

published by the NCHS have been widely used
in North America. These charts were con-
structed assuming the weight/height relation-
ship was independent of age.39 Our study has
shown that the age specific 'p's differ materially
from that for the whole age group. Accurate
weight for height relationships can therefore
only be elicited by using age specific centile
charts. 19 Exclusion of older children in the con-
struction of conventional NCHS weight for
height charts may reduce but cannot eliminate
the confounding influence of age on weight/
height relationship.39 These weight for height
charts should be used cautiously for accurate
estimation of weight for height centile or the
assessment of nutritional and obesity state.
When age specific centile charts are not avail-

able, or when the age of the child is unknown,
the index W/HP expressed as a fraction of the
median of a reference population should be
used. Cole suggested that W/H2 (p=2) is the
appropriate body mass index for preschool chil-
dren and adults.17 18 In early puberty, W/H2
tends to assess tall or physically advanced chil-
dren as being overweight. This puberty/age bias
can be avoided by using W/HP around the age of
11 instead, and the value of 'p' may be esti-
mated from an exponential mathematical model
based on population studies. 18 There is,
however, no consistent trend at puberty for the
'p' in our series. The exponent cannot be
expressed by a simple mathematical model as a
function of age and sex. Whether this is because
of statistical bias or because there are genuine
ethnic differences in body mass index as well as
body frame and composition at puberty,
remains to be answered.

In summary, age has a strong influence on the
exponent of W/HP. The age specific W/HP is
preferred to fixed exponent body mass indices
in nutritional studies in children. For the same
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reason, we warn against the indiscriminate use
of conventional NCHS weight for height charts
in the interpretation of the nutritional state of
children.
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