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Body mass index centile charts to assess fatness of
British children
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Abstract
Body mass index (BMI) relates weight
to height and reflects the shape of a

child, but because of age dependency
it has not been used conventionally for
the estimation of fatness in children.
From measurements of Tayside children
(n=34 533) centile charts were constructed
for BMI (wt/ht2) from the raw data of
height and weight, using Cole's LMS
method for normalised growth standards.
These data were compared with the only
available European BMI charts published
from data of French children obtained
over a period of 24 years from 1956-79.
British children appear to be 'fatter'.
Within a subgroup (n=445) the BMI values
were correlated with estimations of body
fat, for boys and girls, from skinfold thick-
ness (r=0-8 and 0.81) and bioelectrical
impedance (r=0.65 and 0.7). The limits of
acceptable BMI have yet to be defined.
(Arch Dis Child 1995; 72: 38-41)
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The adult physician's view is that obesity
should be considered a chronic disease, is a

definite hazard to health, and is one of the
most important medical and public health
problems of our time.1 In the past, paediatri-
cians have shown little interest in childhood
obesity because it was thought to be a

temporary phase and bore no relation to adult
obesity with its associated mortality and
morbidity.2 Childhood obesity was consid-
ered difficult to assess and intervention pro-
grammes were of limited effect.3 However, a

detailed study of a French cohort of children
demonstrated that an index reflecting the fat-
ness of children was valid and found 41% of
obese adults had been obese children.
Longitudinal monitoring has also identified
children who are at risk of becoming obese
adults.4 Cernerud, in a study of Swedish
children, showed an increase in the body mass

index (BMI; Quetelet index, wt/ht2) of boys
and girls in the period 1970-905 with a subse-
quent suggestion that decreased physical
activity might be responsible for increased
adiposity during these two decades. A
detailed review of 17 published reports from
15 study populations found that across all
ages, the risk of adult obesity was at least
twice as high for obese children as it was for
non-obese children.6

In theory, the]refore, the identification of
children who will become obese adults may
facilitate early intervention and avoidance of
the morbidity and mortality associated with
adult obesity. Assessment of body fat can be
calculated from a variety of methods.
Traditionally skinfold measurements and more
recently estimations of total body water by
bioelectrical impedance have been used in
children, but these are inappropriate for
screening large numbers of children in the
community setting. BMI relates weight to
height and is a better indicator of shape than
weight alone. Although this measure is
routinely and confidently used in assessment of
adult adiposity,7 it is not conventionally used
for the estimation of obesity in childhood,
despite the ease of calculation.
We measured the distribution of body fat

throughout childhood and for ease of calcula-
tion the Quetelet index, as recommended in
the French study8 and by Cole,9 was chosen as
the quantity to determine BMI standards. BMI
centile charts were constructed and individual
BMI values compared with those of estimates
of body fat calculated from skinfold measure-
ment and bioelectrical impedance in a subset
of the study population. A comparison was
also made with the only published standards
for European children, calculated from
measurements obtained in France between
1956_79.10

Smoothed L, M, and S values for BMI at six monthly
intervals

L M S
Age
(years) Boys Girls Boys Girls Boys Girls

3-0 -0-78 -0-14 16-50 16-22 0-082 0-088
3-5 -0-90 -0-36 16-24 15-99 0-085 0-092
4-0 -1-04 -0-58 16-01 15-80 0-087 0-094
4-5 -1-15 -0-80 15-83 15-66 0-088 0-094
5-0 -1-27 -1-04 15-69 15-57 0-087 0-094
5-5 -1-38 -1-27 15-62 15-55 0-087 0-095
6-0 -1-49 -1-43 15-63 15-61 0-087 0-097
6-5 -1-60 -1-51 15-71 15-73 0-089 0-100
7-0 -1-68 -1-52 15-83 15-89 0-093 0-104
7-5 -1-72 -1-47 15-96 16-06 0-097 0-109
8-0 -1-70 -1-39 16-11 16-23 0-103 0-115
8-5 -1-63 -1-32 16-27 16-42 0-108 0-121
9-0 -1-59 -1-33 16-46 16-66 0-113 0-126
9-5 -1-68 -1-38 16-66 16-93 0-116 0-131
10.0 -1-80 -1-35 16-86 17-21 0-118 0-135
10.5 -1-88 -1-28 17-06 17-50 0-120 0-140
11-0 -1-91 -1-19 17-27 17-81 0-122 0-144
11-5 -1-90 -1-10 17-50 18-14 0-124 0-147
12-0 -1-83 -0-97 17-76 18-51 0-125 0-149
12-5 -1-75 -0-87 18-04 18-90 0-126 0-149
13-0 -1-69 -0-84 18-34 19-30 0-127 0-149
13-5 -1-66 -0-92 18-67 19-71 0-127 0-148
14-0 -1-68 -1-09 19-02 20-12 0-127 0-146
14-5 -1-71 -1-30 19-40 20-51 0-127 0-144
15-0 -1-71 -1-48 19-77 20-88 0-127 0-144
15-5 -1-66 -1-64 20-12 21-25 0-128 0-143
16-0 -1-61 -1-81 20-47 21-62 0-130 0-143
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Subjects and methods
Data was obtained from the Tayside Growth
Study. This is an ongoing longitudinal growth
study, started in 1989, with the initial remit of
identifying the incidence and prevalence of
short stature in a defined health area of
Scotland. Heights and weights, of children
aged 3, 5, 7, 9, 11, and 14 years, obtained by
primary health care staff (health visitors,
general practitioners, clinical medical officers,
school nurses) as part of the routine health
surveillance programme are transferred to a
central computer data base with an anthro-
pometric analysis program. Approximately
17 000 children every year have had height and
weight measurements recorded. The data used
for development of the BMI standards were
collected in the period 1989-91: n=34 533.

Parents and guardians of the children were
sent a letter explaining the aims of the study
and requesting permission to store and analyse
by computer the growth data received from
primary health care staff. All data were subject
to the Data Protection Act. Height was
measured using portable measuring devices
such as the Minimetre (Raven Equipment Ltd;
available from the Child Growth Foundation,
2 Mayfield Ave, London W4 IPW) or
Microtoise (out of production) and weight by
beam balance or portable scale. The measure-
ments were performed by school nurses, health
visitors, clinical medical officers, and general
practitioners. Height measurement was vali-
dated by comparison of primary care staff
measurements with those of a research
nurse (EMW). The differences between the
two sets of the measurements were analysed
(SD= 0 5 cm). This value compares favourably
with the error of measurement noted in other
community studies.'1
A subset of 7 and 8 year old children of

the study population was involved in a separate
study (A Wilson. Tayside infant feeding

A

study; directed by Dr J S Forsyth: personal
communication) and body fat was assessed in
445 subjects by skinfold (four sites; triceps,
biceps, suprailiac, and scaphoid: analysis by
the method according to Brook'2) and bio-
electrical impedance (body fat calculated
according to the method of Davies and
Gregory13).

STATISTICAL METHODS
The Quetelet BMI for an individual is defined
as y=w/h2, where w and h are the individual's
weight (in kg) and height (in m) respectively.
The distribution ofBMI in a population is gen-
erally age dependent, and, at a particular age
say t years, tends to be positively skewed. Let
Yt represent BMI at age t years and denote its
median by M(t) and its coefficient of variation
by S(t). A Box-Cox power transformation of
Yt given by

[ L(t)

M(t)

L(t)S(t)

can be made so that Z has approximately a
standard normal distribution (that is,
Gaussian, with mean 0 and standard deviation
1) by making a suitable choice of the power,
L(t).
Once estimates of L(t), M(t), and S(t) are

obtained for age t years, the cx centile for the
BMI distribution at age t can be determined
from

L(t)

M(t) [1 +L(t)S(t)zJ
where z, is the ot centile of the standard normal
distribution. Centile curves can then be plotted
against age, t, for selected values of cx.
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Figure 1 Variation in BMIfor (A) boys and (B) girls throughout childhood comparing Tayside with French centiles.
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A B

Fat (kg/m 2) Fat (kg/mr2)
Figure 2 Relationship ofBMI with body fat estimation from skinfold measurements in (A) boys and (B) girls aged 7 and
8years.

Cole called this approach to calculating
centile curves the LMS method,'4 and Cole
and Green show how to estimate smooth
curves for L(t), M(t), and S(t) using a
penalised likelihood method.15

Correlation coefficients were calculated
between BMI values and estimates of body
fat derived from skinfold and bioelectrical
impedance measurements in order to gauge the
effectiveness of BMI in assessing body fatness.
This was done for boys and for girls separately.

Results
The emphasis of the longitudinal growth study
was on height and 90% of all children had
this measurement recorded but only 66% of
the child population had both height and
weight data returned. The children who were
not weighed were distributed randomly
throughout the population.
Smoothed LMS values for BMI calculated

at six monthly intervals using the method of
Cole and Green'5 are given in the table.
Centile lines for the 3rd, 50th, and 97th
centiles were plotted for boys and girls
separately, and compared with the previously
published French charts (fig 1). Figures 2 and
3 show plots of BMI against skinfold and
bioelectrical impedance for 7 and 8 year old
boys and girls.

Overall, BMI curves from this study had a
similar shape to the published French curves.

However, there was a marked difference in the
centiles. While the 3rd and 50th centiles were

comparable, the 90th centile of the Tayside
children aligned to the 97th centile of the
French data. There appears to be a marked

A

increase in the skewness of the Tayside
children to the higher BMI values. They
demonstrate adiposity rebound at between
5 and 7 years. The upper centiles of the BMI
distribution in this study are noticeably larger
at all ages, most particularly for the girls, than
the corresponding centiles from the French
study.
The M values in the table show that up to

adiposity rebound, at age 5 to 7 years, boys
tend to have a larger BMI than girls, but
after it, the position is reversed, and the
difference increases throughout adolescence.
The S values in the table show that variation in
BMI is greater for girls than boys throughout
childhood, although by the age of 16 it is
starting to decline for girls, but is still increas-
ing for boys. Generally the L values in the table
are higher for girls than for boys, indicating
that BMI skewness is somewhat less for girls
than boys.

Discussion
The data derived from the Tayside Growth
Study shows that BMI alters significantly
throughout childhood. With such a large data
set, it was possible to estimate the distribution
ofBMI at increments of down to 0 1 year. The
recent LMS statistical method of Cole14
allowed for the wide variation of shape in
growing children and gave a valid index reflect-
ing body fatness in children. Correlations
with estimations of body fat from skinfold
measurements and total body water, although
only for children aged 7 and 8 years, agreed
with similar measures in other studies.'6 Body
fat estimates in other age groups would be
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useful to confirm the robustness of the BMI
standards.
The shape of the BMI curves is very

similar to the published French data of
Rolland-Cachera over the whole age range.
The distribution of BMI values was positively
skewed to a greater extent than in the French
study. The data for the French standards were
collected from 1956 to 1979; higher Tayside
values may reflect a secular upward trend or
that Scottish children are heavier for their
height as has been suggested previously.17
Possible secular trends in obesity have been
suggested by American and European studies
indicating a definite increase in obesity in
children. 18-20 It is, therefore, important to have
current British BMI centile charts to look
at regional differences within the UK and
compare with other countries.
By producing appropriate standards for

our population we are able to identify
children at the extremes of body fatness. The
actual values of BMI for children at risk have
yet to be defined. Our child population is
progressively becoming taller and heavier
(J V Freeman et al, personal data) but this
may not necessarily be to their advantage
and further studies are required to examine
the effect of this increased body mass on
morbidity and mortality. In a Belgian study of
6-12 year old children measures of blood
pressure, fasting triglycerides, and insulin
were significantly correlated with BMI and
this relationship was most pronounced
among children whose BMI was above the
75th centile (M Guillaume, presentation
at International Congress on Obesity
Management, Antwerp 1993).

Charting BMI as part of continuing child
health surveillance may identify at an early age
children who are likely to become obese adults.
By tracking the pattern of variation in BMI
over a long period, the French study has shown
that the age ofBMI rebound relates to obesity
in adulthood.4 Rebound is the age when an
individual's BMI curve is at its nadir. Data
from longitudinal studies of Tayside BMI
values are being collected with the develop-
ment of centile charts for children. With this

data it may be possible to identify patterns of
childhood growth that lead to adult obesity
and risk factors for cardiovascular disease.
It is imperative that anthropometric data are
continued to be collected throughout child-
hood, so that further secular trends in obesity
can be detected.
We thank Dr T J Cole, Dr R Jung, and Professor M Preece for
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