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ABSTRACT

Detection of central obesity is usually based on the criterion represented by
the waist-to-height ratio (WtHR)> 0.50. However, that criterion has been
disputed, especially in the period of growth. Since obesity cannot be reason-
ably defined without involving body fat content (%F), the aim of the study
was to establish gender- and age-specific reference WtHR values for children
and youths selected for an acceptable %F. In cohorts of 1193 boys and 1307
girls, aged 7-20 years, body fat content was determined from 3 skinfolds (tri-
ceps, subscapular, abdominal) using Slaughter’s equations. Next, 505 boys and
396 girls with acceptable fat percentage were selected and for them log WtHR
values were computed. The equations for log WtHR values vs. age (a) were:
(-0.31-0.012642+0.000476a*)= 0.0283 for boys and (-0.268-0.02047a+0
.000732%)10.0344 for girls. Upper WtHR limits (means +2SD) attained mini-
mum values (0.460 and 0.454) in the age range of 12-15 years. When applying
that criterion to subjects with excessive %F, 14.3% of all boys and 18.2% of girls
were classified as centrally obese, but only 8.5 and 9.3%, respectively, when the
WtHR=0.50 criterion alone was used. Cut-off values for WtHR indicating cen-
tral obesity are markedly lower than 0.50 especially in the adolescence period
and can be applied only to subjects with excessive fat percentage.
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INTRODUCTION

The incidence of overweight and obesity of children steadily increases to an
epidemic degree in developed countries [6, 10, 15]. Untreated obesity in the
childhood brings about many health disorders in the adult age [12, 23]. This
applies, in particular, to central (abdominal) obesity that induces arterial hyper-
tension, type 2 diabetes, dyslipidemia, metabolic syndrome, or ischaemic heart
disease [4,7, 8, 13].

Screening for overweight and obesity in children is based on the widely used
anthropometric indices [S], one of the most popular ones being BMI. However,
BMI is useless in assessing the body fat content and its distribution [17] which
is vital for detecting central obesity. For that reason, other indices, like waist cir-
cumference (WC) and waist-to-height ratio (WtHR) gain popularity in assess-
ing the risk of cardiovascular diseases [24, 14, 21]. That latter index (WtHR)
seems especially valuable since the waist circumference alone may be imprecise
in the case of subjects of extreme stature [2].

Many authors recommend using a central obesity criterion represented by
WtHR>0.50, the same for men and women. That criterion has been, however,
disputed, especially in the period of growth when the gains in body height and
waist circumference may not parallel one another [22]. Moreover, the use of an
identical criterion for both genders has been questioned [22].

Establishing reference WtHR values for children and youths may be of
prime importance in an assessment of their development. It seems that such ref-
erence values ought to be gender- and age-specific, thus enabling a more precise
assessment of central obesity compared with the standard value equal to 0.50.
Since obesity is associated with an excess of body fat content, such reference
values ought to be based on data recorded in subjects having a non-excessive fat
content. The aim of the study was thus to establish the WtHR reference values
for children and youths aged 7-20 years and to present the approach to them.

MATERIAL AND METHODS

The study was conducted in 18 randomly selected schools in eastern and cen-
tral Poland. The studied cohort counted 1193 boys and 1307 girls, aged 7-20
years. The study was conducted in accordance with the Helsinki declaration
and was approved by the local Committee of Ethics.
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The following data were recorded: exact calendar age, body height and mass
measured with a stadiometer (HOLTAIN, UK; accuracy 0.1 cm) and medical
scales (TANITA, Japan; accuracy 0.1 kg), respectively. Waist circumference was
measured using an anthropometric tape (SECA, Germany) at the navel level
and hip width was measured using a wide sliding calliper (HOLTAIN, UK).
Three skinfolds (triceps, subscapular, abdominal) were measured using a skin-
fold calliper (HOLTAIN, UK; accuracy 0.1 mm). Relative body fat content was
determined from skinfold measurements using Slaughter’s equations [16].

The following procedure was used to compute z-values for the percentage of
body fat content: the previously established lower and upper, gender- and age-
dependent limits of a reasonable fat content [ 18] were log means + 2SD result-

ing in following equations of means + SD vs. age:

Boys: log %F=(0.837+0.054643—
0.002395522+0.0000378a*)£(0.0094+0.009512-0.000598322+0.00001152%;

Girls: 1og%F=(0.8578+0.05892-0.002639a?+0.0000399a°)+(0.0634~
0.00731a+0.000773a%-0.0000329223+0.00000049a*)

The data of the relative body fat content (%F) were standardised using the age
functions of means and standard deviations of %F and then classified into four
categories: decreased body fat (DF; z<-2.5), normal body fat (NF; z-values
ranging from -2.5 to 2.0), excess body fat (EF; z-values ranging from above
2.0 to 4.04 in boys or to 4.23 in girls, and obesity (OB; above the latter values).
The standardised cut-off values for body fat content corresponded to those for
BMI=30 according to norms [18] and amounted to 23.7 and 24.1% in boys
and girls aged 19 years, respectively. The NF category contained 505 boys and
396 girls and the data of those subjects served to compute the reference WtHR
values.

Data analysis: The values of body height, waist circumference, hip width
and relative body fat content were converted to logarithms prior to analy-
sis. The data of subjects having normal body fat content (NF category) were
arranged by age (for waist circumference vs. age) or by body height (for hip
width vs. body height) and divided into categories of n=100 each in an over-
lapping way, e.g. first category contained data 1-100, the second one 51-150,
etc. [cf. 19]. For every category, mean values of the respective variables were
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computed. Those means served to compute regression equations and the
respective regression errors. Pearson’s correlation coefficients, multiple correla-
tions and percent contributions of those variables to the total WtHR variance
were computed [cf. 20]. The frequencies were assessed by using the chi-square
function. The level of p<0.0S was considered significant.

RESULTS

Based on the data of subjects having normal body fat content, the following
WtHR equations vs. age, and the respective regression errors were obtained:

Boys: logWtHR=(-0.31-0.01264a+0.000476a%)+0.0283
Girls: lothHR=(—0.268—0.02047a+0.00073a2)i0.0344

The proposed reference values obtained from those equations reconverted
from logarithms are presented in Fig. 1.
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The upper limit of WtHR values shows a distinct minimum in the age range
12-1S or 13-1S years and amounting respectively to 0.460 in boys and to
0.454 in girls. The logarithmic equations were used to standardise WtHR values
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recorded in all subjects. Those with excessive body fat content were further
classified with respect to WtHR - values below the upper limit were considered
to indicate peripheral fat distribution while values above the upper limit indi-
cated central (abdominal) fat deposition. The percentages of subjects classified
by the excess of body fat content and its distribution are shown in Fig. 2.
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Fig. 2. Percentages of boys (M) and girls (F), classified as having “normal” body fat
content (N), excess fat (E) or obese (O), fat being distributed peripherally (P) or centrally
(C) in 3 age categories. Significantly different from boys: ** p<0.01; *** p<0.001; in all
cases (except EC in girls) the age-related trends were significant (p<0.01-0.001).

Generally, significantly (p<0.001) more girls than boys had excessive fat dis-
tributed peripherally. No such difference was found for the central distribution
of fat. The frequency of obesity significantly (p<0.001) decreased with age in
boys and girls, and the same was true for the excessive peripheral fat distribu-
tion in boys. On the other hand, excessive, peripheral fat distribution in girls
(p<0.001) and central fat distribution in boys (p<0.01) significantly increased
with age.

The obtained results were compared with those resulting from classifying
subjects by BMI using the cut-off points proposed by Cole et al. [3] and the
WtHR=0.50 criterion (Fig. 3).
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Fig. 3. Percentages of boys (n=1193) and girls (n=1307) classified as having acceptable
body fat content (N), excess fat (E) or obese (O), fat being distributed peripherally (P)

or centrally (C) by applying the criterion of body fat content (%F) or BMI cut-off [3] plus
WtHR=0.50 (BMI). N — Normal range of body fat content or BMI; significant differences
between bars representing %F and BMI: ** p<0.01; *** p<0.001; for explanation of other
symbols see Figure 2.

The most striking differences were noted in the frequencies of central obesity:
classification by BMI and WtHR rendered only 3.5% in boys and 2.8% in girls,
while by body fat content and WtHR as much about 11.2% in both genders.
In that respect, the differences in classifying girls as “normal” or as peripher-
ally excessive in the fat content or BMI are less important. In addition, the per-
centages of subjects classified as centrally excessive (including obese) by the
WtHR=0.50 criterion or by our criteria (z %F and z WtHR) amounted to 8.5
and 14.3, respectively, in boys and to 9.3 and 18.2, respectively, in girls.

Since WtHR might be affected by body fat content as well as by body pro-
portions, the respective multiple correlations combined with percent contribu-
tions of those variables to the total WtHR variance were computed (Table 1).

In order to eliminate the effects of age and body height, all three variables
were taken as the respective standardised values: WtHR and %F vs. age using
the equations presented above and hip width (HW) using allometric equations

vs. body height (BH):
Boys: logHW=1.241logBH-1.281+0.030

Girls: logHW=1.4895log BH-1.802+0.033
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As much as 60% of the total WtHR variance could be attributed to body fat
content (50%) and hip width (10%) in boys, and 43% of the WtHR variance in
girls, the contributions of %F and HW amounting to 27 and 16%, respectively.
All those values were highly significant (p<0.001).

Table 1. Multiple correlation coefficient (R?) and percent contributions of body fat content
(F%) and hip width to the total variance of waist-to-height ratio (WtHR)

Boys Girls
n=1193 n=1307
R? 0.598*** 0.430***
Body fat content 50%*** 27%***
Hip width 109%™ 169%™

Explanations: WtHR and F% values were z-scores of their logarithmic age functions; hip width
values were z-scores of the allometric relation to body height; *** p<0.001

DISCUSSION

An objective assessment of the incidence of central obesity in children and
youths is difficult due to a variety of criteria used to define obesity. The cut-off
points for various anthropometric indices are usually derived from population
data, e.g. percentiles, age- and gender-specific. However, such percentile data
reflect the population status and cannot serve as recommended norms. Cole et
al. [3] considered body fat content the ideal definition of overweight and obe-
sity, however impractical epidemiologically, and proposed normal (“cut-off”)
values of BMI for children and youths prepared by adjusting the existing data to
the values recommended by the WHO for adults.

The presented approach to assessing body fat distribution offers an
improvement to the widely used procedures. The design of normal limits, i.e.
of reference values, was based on data recorded in those children and youths,
whose body fat content was considered physiologically reasonable. Although
body fat content was expressed in standardised units (z), the presented equa-
tions for computing those z-values ought not to be regarded as “norms”, for
no commonly accepted norms for body fat content exist. Nevertheless, those
physiologically reasonable values seem sufficient for the purpose of design-
ing normal values for weight-height relationships like BMI, WtHR, etc., since
increasing or decreasing the limits of body fat content by 0.3 SD rendered prac-
tically the same normal values for BMI and WtHR and the same was true for
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the technique of determining body fat content. This is of practical importance
since various approaches to the assessment of body fat content may render dif-
ferent estimations.

The WtHR index has been used to detect the risk of obesity; the most com-
monly applied critical value of that index is equal to 0.50 irrespectively of age
and gender, values exceeding 0.6 being considered alarming [1]. Like men-
tioned in the Introduction, such a uniform criterion was questioned by Tybor
et al. [22] who tried to optimize the WtHR cut-off values by using allometric
equations. They found the regression slope of log waist circumference vs. log
body height, i.e. the exponent of body height to be used in computing WtHR
values, to exceed 1 in children aged 6-13 years. No age-related differences of
that exponent were found in this study for subjects with “normal” body fat
content and the overall values amounted to 0.964 and 0.692 for boys and girls,
respectively.

The presented normal limits for WtHR provide a sensitive approach to
detect central obesity in growing subjects as the upper limit, defined as mean
128D, i.e. corresponding to percentile 99.7, is lower than the generally accepted
value 0.5 over the entire age range 7-20 years. The minimum observed at the
age of 12—1S years coincides with the age range of the growth spurt when the
upward growth prevails over the gain of body mass. The presented approach is
also simpler to apply than that suggested by Tybor et al [22].

In this study, WtHR values were generally higher in boys than in girls. Simi-
lar results were reported by McCarthy and Ashwell [11] who found higher
values in British boys aged 5-16 years than in girls over the study period
1977-1997, while in the National Health and Nutrition Examination Survey
(1999-2004), [9] girls consistently had slightly higher values of WtHR index
across all age groups; these discrepancies may be attributed to population-
related differences in obesity incidence.

By applying the criteria described above, central obesity was noted in
11.2% of all boys and in 11.3% of girls (no significant difference). When this
was combined with subjects who were not yet obese (z<3.7 or <4.5 in boys
and gitls, respectively) but had excessive body fat content (z>2.0), the respec-
tive percentages amounted to 17.6 and 17.3, and when the WtHR criterion of
WtHR=0.5 was applied to all the subjects, those percentages amounted to 10.2
and 9.1, respectively (no significant difference). In contrast, Li et al [9] found
central obesity to be more frequent in girls than in boys — 30 and 27% in the
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age range of 6-11 years and about 49 and 36% in the age range of 18-19 years,
respectively.

Since obesity is the result of an excessive fat deposit, the first step is an
assessment of body fat content. In growing subjects in whom the body fat con-
tent is higher than reasonable the WtHR may indicate the type of fat distribu-
tion — when the value is within normal limits, a relatively uniform, peripheral fat
distribution is assumed. When fat is accumulated centrally, which is considered
a risk factor in cardiovascular diseases, the WtHR value exceeds the upper nor-
mal limit.

As shown in this study, the WtHR depends to some extent on body frame
reflected by hip width. The latter may thus serve as an additional factor when
assessing the risks associated with adiposity. Namely, when the body fat con-
tent is above average but within reasonable limits for age (z<2) and the WtHR
value is increased (z>2), subjects with narrow hips (z<-1.65 corresponding to
Percentile 5) may fall into the category of potential central adiposity. The same
applies to non-obese subjects but with increased adiposity classified as having
peripheral fat distribution; when their hips are narrow, central fat deposition
may be suspected.

Summing up, the presented reference values of WtHR seem to constitute a
better criterion of detecting central obesity in children and youths than either
the uniform value of 0.5 or cut-off points established from data recorded in the
entire, unselected population. Application of the presented values, which are
lower than 0.5, especially in the intense growth period, would bring about the
detection of central obesity and the associated health risks in a much higher
percentage of youths, thus enabling the undertaking of adequate preventive
measures provided they are combined with measuring body fat content. Thus,
when applying the WtHR=0.50 criterion alone, only 8.5 and 9.3% of boys and
girls, respectively, were classified as centrally obese but when applying the here
presented upper normal value (mean for age+2SD) to subjects with excessive
%F, those percentages increased to 14.3% of boys and 18.2% of girls.

In conclusion, the cut-off values for WtHR, indicating central obesity are
markedly lower than 0.50, the generally accepted value for adults, especially in
the adolescence period. Those cut-off values can be applied only to subjects in
whom an excessive body fat content was found, except when BMI equals 30 or

more.
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