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A study of central fatness using waist-to-height ratios
in UK children and adolescents over two decades
supports the simple message – ‘keep your waist
circumference to less than half your height’
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Objective: To examine the influence of age and gender on the waist:height ratio (WHTR) in children and to compare changes
over time in WHTR, a measure of central fatness in British children.
Design: Representative cross-sectional surveys in 1977, 1987 and 1997.
Setting: Great Britain and Northern Ireland.
Participants: Survey 1: children aged 5–16 years measured in 1977 (boys) and 1987 (girls) (BSI, n¼8135) and Survey 2:
children aged 11–16 measured in 1997 (NDNS, n¼773).
Outcome measures: From Survey 1, waist: height ratio related to age and sex and the proportion of children with a WHTR
greater than 0.500 (a boundary value suggested for adults). From Survey 2, comparison of WHTR in children with that from
Survey 1 and the actual proportion of children with a WHTR greater than 0.500 compared with the expected proportion using
the survey 1 as reference.
Results: WHTR decreased with age (Po0.01 for trend), with the mean WHTR being significantly lower in girls (Po0.01). WHTR
was significantly greater in children in Survey 2 compared with those measured 10 and 20 years earlier in Survey 1 (Po0.0001).
The proportion of children where WHTR exceeded the 0.500 boundary value in Survey 2 was 17% of boys and 11.7% of girls
(against 5.0 and 1.5%, respectively, in Survey 1, Po0.0001). The increase in WHTR in boys exceeded that in girls.
Conclusions: Values of WHTR during the past 10–20 years have increased greatly showing that central fatness in children has
risen dramatically. WHTR is more closely linked to childhood morbidity than body mass index (BMI) and we suggest it should be
used as an additional or alternative measure to BMI in children as well as adults. A simple public health message that is the same
for adults and children of both sexes and all ages could be stated as ‘keep your waist circumference to less than half your height’.
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Introduction

Several recent studies have highlighted an increase in the

prevalence of overweight and obesity in British children of

all ages.1–3 Studies of this nature have used the Body Mass

Index (BMI) as the measure of overweight and obesity.4

However, this index has some important drawbacks when

used in children. For example, BMI correlates not only with

fat mass but also with fat-free mass.5,6 Secondly, BMI gives no

indication of body fat distribution, and it is now clear that in

children, as in adults, an upper body or centralized deposi-

tion of excess body fat carries an increased risk for obesity-

associated metabolic complications. These include adverse

lipoprotein and fasting insulin concentrations.7,8

Waist circumference has been shown to be a highly

sensitive and specific marker of upper body fat accumulation

in children.9 The associated lipid abnormalities and insulin

concentrations also correlate with waist circumference.10,11

However, stature influences the magnitude of waist circum-

ference throughout growth in childhood and ultimately into

adulthood, although its precise effect upon waist circumfer-

ence is quantitatively unknown. Thus waist circumference
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measurement, either alone or in combination with stature

might offer a more sensitive means than BMI for identifying

overweight and obese children who might be at an increased

risk for developing the metabolic complications highlighted

above. In this context, the first set of age-related waist

circumference percentile curves for British children have

recently been developed.12

A second index – the ratio of the waist circumference to

height (WHTR) is increasingly being used to assess the risk

for diseases related to central fatness in adults.13–16 The

rationale underlying this index is that for a given height,

there is an acceptable degree of fat stored on the upper body.

A WHTR boundary value of 0.500 has been proposed as a

simple means of indicating whether in adults, the amount of

upper body fat accumulation is excessive and poses a risk to

health.13 WHTR has been shown to be a simple, non-

invasive and practical tool that correlates well with visceral

fat, and it has been developed into a consumer-friendly tool

known as the Ashwell r Shape Chart.17

The relationship between age, height and waist circumfer-

ence has not been closely studied in children, particularly in

British children and adolescents. In the small number of

studies that have examined this index in children, WHTR

has been shown to be superior in its ability to predict

cardiovascular disease (CVD) risk factors compared with

either BMI or percentage body fat.18,19 The objective of this

study was to utilize large-scale anthropometric data from

surveys of British children to examine the influence of age

and gender upon WHTR and to identify any secular trends in

this ratio.

Subjects and methods

This study involved a secondary analysis of previously

collected data. Data were obtained for anthropometric

variables, from British children in two large cross-sectional

surveys. Survey 1 was conducted for the British clothing

industry by the Human Measurements, Anthropometry and

Growth Research Group, Loughborough University. Data on

boys aged 5–16 years were collected in 1977 and on girls aged

5–17 years collected in 1987 (n¼8135; 3528 boys, 4607

girls). Subjects represented socio-economic, ethnic and

urban/rural groups as they occurred in the British popula-

tion.20 Survey 2 was the National Diet and Nutrition Survey

(NDNS) of young people aged 4–18 years carried out in 1997,

where waist circumference was measured in those aged 11þ
years.21 For this study, data for 8135 children aged 5.0–16.99

years from the BSI survey and 773 (390 boys and 383 girls)

from the NDNS were selected for analysis.

Anthropometric measurements

In both surveys stature was measured without shoes. Weight

was measured in minimal clothing in the British Standards

Institute survey, whereas in the NDNS heavy clothing,

jewellery and small change were removed before weighing.

Weight was recorded to the nearest 0.1 kg and corrected for

clothing effects in the NDNS. In both surveys, waist

circumference (cm) was measured midway between the

10th rib and the top of the iliac crest. In the British Standards

Institute survey clothing did not significantly influence the

measurement, whereas the data from the NDNS was

corrected for clothing effects as previously described.22

Study design and statistical methods

The data from surveys 1 and 2 were used to examine the

influence of gender and age on waist:height ratio (WHTR) in

children aged between 5.0. and 16.9 years. WHTR was

calculated by dividing waist circumference (in cm) by height

(in cm). Means and standard deviations were calculated at

yearly intervals by sex. Correlation coefficients were com-

puted to examine the influence of age on WHTR. WHTR in

boys and girls were compared statistically using an unpaired

t-test. The proportion of children with a WHTR greater than

0.500 was calculated for each age group.

WHTR was compared between children in the two surveys,

10 years apart for girls and 20 years apart for boys. Mean

WHTR were calculated and compared between surveys using

an unpaired t-test. Boys and girls were analysed separately.

Using the children from the BSI survey as the baseline,

observed and expected numbers of children in the NDNS

with a WHTR greater then 0.500 were compared in each age

category using w2 goodness-of-fit test. All statistical analyses

were performed using Statistical Package for Social Sciences

version 10.0.

Results

Effect of age and gender on WHTR

Survey 1. Mean (s.d.) height and waist circumferences were

140.3 (19.3) cm and 60.4 (8.3) cm for the boys and 140.9

(18.4) cm and 58.9 (6.9) cm for the girls. Pearson’s correlation

coefficient between height and waist circumference were

0.790 (Po0.01) in boys and 0.749 (Po0.01) in girls.

Individual values for WHTR ranged between 0.34 and 0.66

in boys and between 0.32 and 0.63 in girls. Mean values for

WHTR at yearly intervals are shown in Table 1. Mean WHTR

ranged from 0.468 in the 5-year age group, to 0.418 in the

16-year age group in boys and from 0.460 and 0.407 in girls

between the same ages. This decrease in WHTR with age was

statistically significant in both boys and girls (boys

r2¼�0.331, Po0.01; girls r2¼�0.459, Po0.01). Within the

cohort, gender differences were consistent, with mean

WHTR being lower in girls at all ages, reaching statistical

significance except at ages 7, 8 and 16 years (P ranging

between 0.01 and 0.001).

Table 2 shows the proportion of the whole cohort at yearly

intervals that had a WHTR at 0.500 or above. A dispropor-
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tionate number of 5-year-olds fell into this category

compared with the rest of the cohort. With the exception

of the 5-year-olds, slight variation in the proportion of

children with a WHTR greater than or equal to 0.50 was

observed between ages (range 3.5–6% in boys and 1–5% in

girls). Gender differences were observed in the proportion of

the cohort with a WHTR greater than or equal to 0.500,

particularly from age 12 years and upward.

Comparison of mean WHTR in children between Survey 1 and
Survey 2

Figure 1 shows mean WHTR for boys and girls in the two

surveys. This variable was considerably greater in the

children from Survey 2 compared with those in Survey 1

with the differences being similar at all ages and between

genders. The differences were statistically significant at all

ages (Po0.0001).

Comparison of WHTR above boundary value of WHTR¼ 0.500
in children between Survey 1 and Survey 2

Table 3 shows the proportion of children by sex with a

WHTR X0.500 in Survey 2 using the levels of children in the

survey 1 as the expected. At all ages, the proportion

increased over time, with an average increase for all ages

between 11 and 16 years from 5.0 to 17% in boys and from

1.5 to 11.7% in girls (Po0.01 for both).

Discussion

When measured in conjunction with height, WC gives an

index of proportionality, that is, whether or not the amount

of upper body fat accumulation in relation to height is

appropriate. The WHTR in an index of this relationship and

this is the first study to examine waist-height relationships in

British children. Using cross-sectional data from a large

Table 1 Mean (s.d.) WHTR at yearly intervals in British boys and girls (BSI survey)

Age (years) 5 6 7 8 9 10 11 12 13 14 15 16

Boys 0.468 0.451 0.442 0.432 0.433 0.427 0.426 0.427 0.423 0.418 0.418 0.418

0.029 0.029 0.031 0.032 0.035 0.035 0.038 0.036 0.044 0.036 0.035 0.039

Girls 0.460* 0.445* 0.439 0.428 0.421* 0.412* 0.411* 0.407* 0.405* 0.404* 0.401* 0.407

0.030 0.030 0.033 0.033 0.033 0.036 0.037 0.031 0.033 0.031 0.030 0.033

Difference 0.008 0.006 0.003 0.004 0.012 0.015 0.015 0.020 0.018 0.014 0.017 0.011

*Po0.01 vs boys.

Table 2 Percentage of children with a WHTR at 0.500 or above (Survey 1)

Age

(years)

5 6 7 8 9 10 11 12 13 14 15 16

Boys

n 251 349 331 332 329 355 310 337 298 270 278 88

% 14 5.0 4.5 3.5 5.5 4.0 5.5 5.5 6.0 4.0 3.5 5.5

Girls

n 406 398 384 416 396 373 361 393 395 407 413 265

% 8.0 4.0 3.0 2.5 2.5 5.0 3.0 1.0 1.0 1.0 1.0 2.0
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Figure 1 Waist:height ratios in British boys and girls aged 11–16 years.

Values¼mean7s.e.; BSI survey (circles), NDNS (triangles); boys (dotted line),

girls (solid line). *Po0.0001 vs BSI.

Table 3 Children (Survey 2) with a WHTR at 0.500 or above compared with

expected (Survey 1)

Boys

Age (years) 11 12 13 14 15 16 Total

n 82 61 59 66 65 57 390

0.500 cutoff 15** 10* 10* 13** 7* 11** 66*

Actual % 18.3 16.4 17 19.7 10.8 19.3 17

Expected % 5.5 5.5 6.0 4.0 3.5 5.5 5.0

Girls

n 65 75 55 63 61 64 383

0.500 cutoff 7* 12** 8** 5** 7** 6* 45**

Actual % 10.8 16 14.5 7.9 11.5 9.4 11.7

Expected % 3.0 1.0 1.0 1.0 1.0 2.0 1.5

Values are numbers with percentages. Frequencies significantly different from

expected values (%). *Po0.01, **Po0.005.
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national cohort, this study demonstrated that WHTR during

childhood is influenced by age (and hence growth) and by

gender. The significant decrease in mean WHTR between the

ages of 5 and 16.9 years reflected the divergence in the

velocities of growth in height and WC with age. That height

and WC correlated suggested that the increase in WC in

childhood is due in part to linear growth. Exactly how

growth in height affects growth in WC is unclear at this

stage, but this should be considered when variations in age-

related WC are examined. It is expected that WHTR would

plateau at around age 18 years when growth in height ceases

and the mean values for WHTR for the later age groups

suggested this was the case, particularly in boys. WHTR

would start to increase when extra fat would start to

accumulate on the upper body. WHTR in girls at all ages

compared with boys reflects the differences in both body

shape and body proportions between genders. Specifically,

girls had lower WC values than did boys at any given height.

These differences were most prominent from the age of 9

years.

The important observation in this study was the dramatic

increase in WHTR in children aged between 11 and 16 years

over a 20-year time span in boys and 10-year period in girls.

The fact that this increase has occurred over a much shorter

period of time in girls is even further cause for concern, and

most likely reflects gender differences in diet and physical

activity during this period. This finding agrees with other

studies that have demonstrated that overweight and obesity

in British children have increased recently. However, it

shows that specifically central or upper body fatness has

increased, perhaps to a greater extent than overall fatness,

such as would be indicated through changes in BMI. This

agrees with other recent findings in this area.22 However, it

could be argued that secular changes in height could account

for the increases in WC over time. The WHTR, however,

takes height into account, so clearly this is not the case. Also

there has been an alarming shift in the proportion of

children with a WHTR greater than 0.500, which should be

a cause for concern, and attention should be paid to these

children, as obesity-related morbidity is most likely to be

present at this extreme in WHTR. A WHTR cutoff of 0.500

has been proposed as a simple means of indicating whether

in adults, the amount of upper body fat accumulation is

excessive and a risk to health.13 From the findings in this

study, it appears on first examination, that a WHTR cutoff of

0.500 might also be an appropriate cutoff for children as well

as for adults. However, in very young children, it might over-

estimate the number considered at risk as well as the number

of at-risk boys compared with girls. In terms of percentiles

and using the 1977/1987 data as baselines, the 0.500

reference point corresponds to a value close to the 95th

centile for boys and the 97.5th centile for girls aged between

6 and 16.9 years. Although this reference point of WHTR of

0.500 has no true validity yet in children, it is not subject to

the same drawbacks as the statistically based and age-and

gender-related centile cutoffs. Indeed, it is probable that the

0.500 reference point would not be ideal for all ages – this is

evident when examining the proportion of children aged 5.0

years who fall above this reference point compared with

those children at older ages. Future research would enable us

to identify more precise cutoff points that could equate to

different levels of risk. In the meantime, we suggest that the

simple cutoff of WHTR¼0.500 could be used in a public

health context for assessing increased health risk in children

relating to an excessive accumulation of body fat on the

upper body or even internally. Much benefit could be gained

from a simple public health message that is the same for

adults and children of both sexes and all ages. It could be

stated simply as ‘keep your waist circumference to less than

half your height’.23
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