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Summary

OBJECTIVES: Central obesity, measured as waist circum-
ference (WC), is an important risk factor for cardiovascular
disease and diabetes already in children. The ratio of waist
circumference to height (WHtR) is a further indicator for
body shape. International reference values, however, do not
exist for any of the two measures and neither do referen-
ces specific to Switzerland. The aim of this study therefore
was to develop WC and WHtR percentiles from a nation-
ally representative sample of Swiss children.

METHODS: In a nationally representative sample of 2,303
6 to 13 year old children in Switzerland weight, height
and WC were measured and body fat % (%BF) was de-
termined from multiple skinfold-thickness measurements.
WC, WHItR and % BF percentiles were calculated using the
LMS-Method of Cole and Green.

RESULTS: WC increases almost linearly over the age
range of 6 to 13 years for both boys and girls. Generally,
girls show slightly lower WC than boys, but in the higher
percentiles (85th, 90th and 95th) they reach the same or
even slightly higher values around 10 years of age. At the
85th percentile for boys and the 90th percentile for girls,
WHItR remains constant over the entire age range. Above
these levels the ratio increases and below it decreases with
age. Percentiles for %BF in boys increase constantly up to
an age of 11.5 years, after which they plateau. For girls, the
plateau can be seen earlier, around 10.5 years, but at 12.5
years another increase begins.

CONCLUSION: These first WC and WHtR percentiles
may be useful for clinical and epidemiological use in
Switzerland until official, validated references become
available. An advantage in using WHtR seems to be that it
is not age dependent at certain levels and it may therefore
be possible to use a single cut-off value for all children.
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Introduction

Excess body fat already leads to metabolic complications
in childhood [1, 2], but central (intra-abdominal) distribu-
tion of body fat increases the risk for the metabolic syn-
drome more than peripheral distribution [3]. Waist circum-
ference (WC) measurements have been used to estimate
intra-abdominal fat in adults [4], and the importance of
intra-abdominal fat in childhood obesity has also been con-
firmed [5]. Paediatric studies consistently show direct cor-
relations of WC with components of the metabolic syn-
drome, including dyslipidaemia and fasting insulin concen-
trations [6—8]. The current definition of the International
Diabetes Federation (IDF) of the metabolic syndrome in
children also recommends using increased WC and not
BMI as a criterion for the diagnosis of the metabolic syn-
drome [9].

Despite this, the tool most widely used to determine over-
weight and obesity in children is the body mass index
(BMI). The determination of BMI is simple and BMI ref-
erences for clinical use in children are available [10, 11].
However, the use of BMI to identify overweight children,
specifically those at risk for metabolic disorders, has limit-
ations. Due to its low sensitivity, a considerable number of
children with high body fat may be misclassified as normal
weight [12]. Furthermore, using the BMI, it is not possible
to distinguish between changes in fat and fat free mass dur-
ing treatment, and it provides no indication on fat distribu-
tion [13]. WC percentiles could therefore be a useful addi-
tional tool in the clinical assessment of childhood obesity,
especially for estimating the risk for the development of the
metabolic syndrome.

Even though WC has been shown to be well correlated to
intra-abdominal fat depots measured by advanced imaging
techniques, over- and underestimations may occur for very
tall or very short persons with similar WC [14]. To over-
come those difficulties, several authors suggest using the
waist-to-height ratio (WHtR) for a more accurate estima-
tion of fat distribution and body shape [15, 16]. Even in
children, WHtR has been shown to be a useful predictor of
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cardiovascular risk, superior to BMI or waist to hip ratio
[17,18].

As there is no consensus on international WC or WHtR ref-
erences in children, and as to our knowledge no references
exist for Switzerland, the aim of this study was to develop
WC and WHItR percentiles from a nationally representative
sample of 6 to 13 year old children in Switzerland.

Subjects and methods

Subjects

To obtain a nationally representative sample of 6 to 13 year
old children in Switzerland a probability-proportionate-to-
size cluster sampling based on census data from the year
2000 was used. This sample size represented about 1 in
250 children in this age group in Switzerland in the year
2007 when the study was conducted (Swiss Federal De-
partment of Statistics, personal communication). By strat-
ified random selection, 60 schools were identified across
Switzerland. Figure 1 shows the distribution of the schools
throughout the country. After acceptance of participation of
a school, three or four classes (depending on class sizes)
were randomly selected from each school and all students
from the selected classrooms were invited to participate.
The average number of participants per school was 38 stu-
dents. Ethical approval for the study was obtained from the
Swiss Federal Institute of Technology, Ziirich, Switzerland.
Written informed consent was obtained from all parents or
guardians of the participating children and oral assent was
received from the children prior to the measurements.

Methods

All measurements were carried out by two trained exam-
iners (RA and MK). Children left the classroom in pairs
and measurements were carried out in a separate room. For
the measurements the subjects removed their shoes, emp-
tied their pockets and wore light indoor clothing. Height
and weight were measured using standard anthropometric
techniques [19]. Body weight was measured to the nearest
0.1 kg by using a digital scale (BF 18; Breuer, Ulm, Ger-
many) calibrated with standard weights. Height was meas-
ured to the nearest 0.1 cm by using a portable stadiometer

Figure 1

Map of Switzerland showing the five different regions used in the
probability-proportionate-to-size cluster sampling as well as the
locations of the 60 sampled schools.
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(Seca 214, Seca Medizinische Waagen und Messsysteme,
D-Hamburg). BMI was calculated as weight (kg) divided
by height? (m). For the measurement of WC a non streach-
able measuring tape (Prym tape measure Junior yellow/
white, William Prym GmbH & Co., Stolberg, Germany)
was used and the measurement site was midway between
the lowest rib and the top of the iliac crest. Subjects were
asked to stand erect with their abdomen relaxed and their
weight equally divided over both legs and to gently breathe
out at the time of the measurement [20]. The measurements
were done in duplicate for each child. Skinfold thickness
(SFT) was measured using a Harpenden Skinfold Calliper
(HSC-5, British Indicators, West Sussex, United Kingdom)
with a constant spring pressure of 10 g/mm, a resolution
of 0.2 mm and a measuring range of 80 mm. The measure-
ments were performed at four different sites of the body
(triceps, biceps, subscapular and suprailiac) [21]. For the
measurements of the triceps skinfold, the midpoint of the
back of the upper arm between the tips of the olecranal and
acromial processes was determined by measuring with the
arm flexed at 90° and was marked with a soft pen. With the
arm hanging freely at the side, the calliper was applied ver-
tically above the olecranon at the marked level. Over the
biceps, the SFT was measured at the same level as the tri-
ceps, again with the arm hanging freely and the palm fa-
cing outwards. At the subscapular site, the SFT was picked
up just below the inferior angle of the scapula at 45° to the
vertical along the natural cleavage lines of the skin. The
suprailiac SFT was measured above the iliac crest, just pos-
terior to the mid axillary line and parallel to the cleavage
lines of the skin, with the arm held lightly forward. All sites
were measured on the left site of the body in duplicate. For
both waist circumference and skinfold thickness, 10% of
the measurements were repeated by the second examiner to
calculate interobserver variability.

Body density (D) and body fat% (BF%) were calculated
according to the following equations by Deurenberg et al.
[22] using the mean of the repeated SFT measurements:

D (boys)[g/ml]=1.1690 —0.0788 - Log (Sum of four SFT)
D (girls)[g/ml]=1.2063 —0.0999 - Log (Sum of four SFT)

562-4.2-(age—?2)

—(525-4.7. -2
body density ( (age—2))

body fat [%] = (

Statistical analysis

Statistical analysis was performed using SPLUS (Version
8, Insightful Corporation, Seattle, USA) SPSS 16.0 for
Windows (SPSS Inc, Chicago, IL, USA) as well as EXCEL
2003 (Microsoft Crop., Redmond, USA). The percentiles
for % BF and WC were calculated for boys and girls sep-
arately by the LMS-Method of Cole and Green [23] (Soft-
ware ImsChartMaker Pro version 2.43 April 2010,
www.healthforallchildren.co.uk).

ImsChartMaker provides several graphical and numerical
tools for testing the goodness of fit of the estimated
centiles: these include the Q Tests by Royston and Wright
[24] and the Detrended Q-Q plots [25]. ImsChartMaker
also includes a number of suggestions for the effective es-
timation of the degrees of freedom of the L-, M- and S-
curves.
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For easier practical application, the values for the 5th, 10th,
15th, 25th,50th, 85th, 90th and 95th percentiles for WC and
WHItR were calculated for boys and girls of all ages in 0.5
year steps. To define underweight, overweight and obesity
according to BMI, the 5th, 85th and 95th BMI for age CDC
reference percentiles were used [11].

Students t-test was used to compare genders and one way
ANOVA for comparisons between regions. P values <0.05
were considered significant.

Results

The basic characteristics of the subjects participating in
the study, by region and gender, are displayed in tables
1 and 2. The final sample size recruited from 60 schools
throughout Switzerland consisted of 2303 children (1128
boys and 1175 girls) between the age of 6 and 13 years. In
the 60 schools participating a total of 3188 children were
invited to take part. Of these, 2395 accepted, but 85 were
absent on the day of measurement. The overall participa-
tion rate was 72.5% and it ranged from 69.9 to 74.7 for
the different regions (compare table 1). Of the remaining
group an additional seven were excluded because their age
was either below 6 or above 13.9 years. Mean WC, WHtR
and %BF significantly differed between boys and girls (p
<0.05), while BMI did not. For WC and skinfold thickness
measurements intraobserver variability (CV%) was 0.10
and 1.43, respectively, while interobserver variability was
0.17 and 1.74, respectively.

The prevalences (SE) of underweight, overweight and
obesity for boys were 3.5 (0.54), 11.3 (0.94) and 5.4 (0.67),
respectively, while they were 2.6 (0.45), 9.9 (0.87) and 3.2
(0.52) for girls. There were no significant gender differ-
ences for underweight and overweight, but the prevalen-
ce of obesity was significantly higher in boys than in girls
(p <0.05). A more detailed description of the prevalence
of over- and underweight in this group of children as well
as its development over time has been published elsewhere
[26].

WC, WHtR and BF% percentile curves for boys and girls
as calculated by ImsChartMaker are depicted in figure 2.
Displayed are the 5th, 10th, 15th, 25th, 50th, 75th, 85th,
90th and 95th percentiles in all three graphs. For WC and
WHItR the corresponding age and gender specific percent-
ile values are given for the Sth, 50th, 85th, 90th and 95th
percentile in table 3.
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The estimated percentiles for WC, WHtR and BF% passed
the Q Tests and the Detrended Q-Q plots without showing
any important lack of fit. The fit was excellent for the girls’
data; it was good for the boys’ data, where for BF% the
Detrended Q-Q indicated that some moderate amount of
kurtosis could be present.

Discussion

This study presents the first age and gender specific per-
centile curves for WC and WHItR in 6 to 13 year old chil-
dren in Switzerland. The most widely used tool for defin-
ing overweight and obesity in epidemiological studies and
most clinical settings is still the BMI. Even though it is a
simple measurement and generally shows good agreement
with body fat measurements, there are several limitations
to this technique including the impossibility to distinguish
between different distributional patterns of body fat. There
is a clear link between intra-abdominal fat and metabolic
abnormalities, such as plasma cholesterol, triglyceride and
insulin concentrations [5—8]. In the most recent definition
of the metabolic syndrome in children issued by the IDF in
2007, increased WC (>90th percentile) is used as the “sine
qua non” factor for diagnosing the syndrome [9].

Despite the acknowledged importance of WC in relation to
disease, there are no international WC references for chil-
dren available to date. Several countries, including the Un-
ited Kingdom [27, 28], Germany [29], Italy [30], Spain
[31], Turkey [32], Australia [33], New Zealand [34], the
USA [35], Canada [36], the Netherlands [37], Bulgaria
[38], Cyprus [39] and Mexico [40] have published national
references for varying age groups. Comparison between
countries, however, is difficult because the landmark used
to measure WC and the cut off points for the definition of
children at risk vary. In some studies, WC is measured mid-
way between the lowest rib and the top of the iliac crest and
in others at the umbilicus [13]. To identify children at risk
for the metabolic syndrome, different WC cut-off percent-
iles have been proposed. A study conducted in 1087 10 to
14 year old children in Cyprus suggests the 75th percent-
ile [39]. In a study in 580 3 to 19 year old children in New
Zealand, the 80th percentile was suggested as the cut off
[34]. A third study including 3531 3 to 11 year old children
in Germany used the 90th percentile [29]. The 90th per-
centile is also recommended in the IDF definition for the
metabolic syndrome [9].

Table 1: Descriptive characteristics of a nationally representative sample of Swiss children aged 6 to 13 years by region.

Region 1 Region 2 Region 3 Region 4 Region 5
n 410 610 407 740 136
Response rate (%) 74.9 69.9 73.0 725 74.7
nr schools sampled (aim) 14 (14) 14 (14) 11(12) 18 (17) 3(3)
Age (y) 10.1+1.6"2 10.2 £ 1.92 10.2+1.8% 10.3+1.9% 9.3+1.6°
Height (m) 1.40 +0.10° 1.41+0.12° 1.41+0.12° 142 +0.12° 1.36+0.11°
Weight (kg) 35.0 + 8.9%° 34.7+9.9%° 36.1+10.3% 36.1 +9.9° 33.0+9.1°
BMI (kg/m?) 17.6 £2.8%° 17.2 £ 2.6 17.8+2.9° 17.6 £2.5° 17.6 £ 3.0%°
Body fat % 21.6+10.5% 19.2+10.3° 21.5+10.6% 22.4+10.2% 23.8+11.1°
Waist circumference (cm) 64.4 + 8.2%° 63.1+7.9° 64.9+8.7° 65.1+8.0° 63.7 + 8.72P
Waist to height ratio (%) 46.0 £5.01% 44.9+4.13° 46.0 + 4.85% 459+ 4.19° 46.9+5.21°

"'mean + SD (all such values)
Means not sharing a common superscript letter differ significantly from each other (p <0.05)
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Another potentially useful anthropometric measure to bet-  postulated to be superior in certain population groups, such
ter define body shape is WHtR. It has specifically been  as very tall or short people, where WC may over- or under

Table 2: Anthropometric characteristics of a nationally representative sample of Swiss children aged 6 to 13 years by age and gender.

n Height (m) Weight (kg) BMI (kglmz) Body Fat % Waist circumference Waist to height ratio (%)

Boys

6 25 1.21+0.06 23.5+3.60 15.9 +1.33 13.6 + 6.06 56.9 +3.92 47.0+2.83
7 141 1.27 £ 0.06 26.8+5.11 16.5+2.27 15.1+8.58 59.6 £ 5.84 46.8 + 3.81
8 174 1.32+0.05 28.8+4.73 16.5+1.89 15.0+7.12 60.5 £ 5.05 45.0 +£3.33
9 186 1.37 £ 0.06 32.8+6.28 17.4 £ 2.50 19.0+9.17 63.5+6.74 46.4 +4.50
10 191 1.42 +0.06 35.9+7.19 17.6 £ 2.64 21.4+£9.83 65.2 £7.80 45.8 £4.76
11 174 1.48 £ 0.07 39.9+£8.17 18.1+2.80 23.6 £9.81 68.3 £8.03 46.2+4.79
12 191 1.53 £ 0.07 43.8+8.63 18.6 +2.76 23.1+9.41 69.3+7.75 45.3 +4.68
13 46 1.58 £ 0.08 49.9+£9.20 19.7 £2.97 23.6 £9.97 72.6 £9.02 45.7 £5.49
all 1128 141012 35.4 £9.60 17.6+£2.70 18.8+8.70 64.8 £8.10 46.0 £ 4.41
Girls

6 31 1.20 £ 0.03 22.8+2.77 15.8 + 1.46 11.9+6.83 56.4 + 3.88 46.9 £2.99
7 176 1.26 + 0.06 26.0 +£4.69 16.2 +2.08 16.5+9.80 58.6 + 5.38 46.5 +3.90
8 153 1.31+0.06 28.2+4.73 16.4 +2.01 17.7+9.71 59.5+5.78 45.5+4.03
9 191 1.37 £ 0.06 32.1£6.02 17.1 £2.40 21.6 £9.98 62.7+7.11 45.8 +4.59
10 196 1.43+0.07 36.3+7.88 17.7 £2.94 24.7 £11.06 64.6 +8.20 452 +512
11 181 1.48 £0.07 40.7 £8.12 18.4 +2.69 27.6 £10.14 67.7£7.89 456 £4.77
12 208 1.54 £ 0.07 447 +£8.73 18.6 £ 2.80 26.7 £9.33 68.1 £ 8.51 44.1+4.99
13 39 1.56 + 0.07 48.2+8.64 19.7 £ 2.88 32.6 £9.15 72.0 £ 8.62 46.1+£5.16
all 1175 141012 35.2+10.0 17.5+2.70 21.1£9.90 63.9 +8.30 45.5 + 4.66

" mean + SD (all such values)

Table 3: Selected waist circumference and waist to height ratio percentiles by age and gender as calculated by ImsChartMaker in a national sample of 6 to 13 year old
children in Switzerland (n = 2303, 1128 boys, 1175 girls).

Boys Waist circumference percentiles Waist to height ratio percentiles

Age (y) 5" 50" 85" 90" 95" 5 50" 85" 90" 95"
6.5 50.6 56.2 61.3 62.8 65.2 423 46.4 50.0 51.0 52.8
7 51.4 57.2 62.6 64.1 66.8 421 46.2 50.0 51.1 52.9
7.5 52.1 58.2 63.9 65.5 68.4 41.8 46.1 50.0 51.1 53.0
8 52.9 59.2 65.2 67.0 70.0 41.6 46.0 50.0 51.2 53.2
8.5 53.6 60.2 66.5 68.4 71.6 41.2 45.8 50.0 51.2 53.3
9 54.3 61.2 67.8 69.8 733 411 45.7 50.0 51.3 53.5
9.5 55.1 62.2 69.2 71.3 75.0 40.8 45.5 50.0 51.3 53.7
10 55.8 63.2 70.5 72.8 76.7 40.6 45.4 50.0 51.4 53.8
10.5 56.5 64.2 719 74.3 78.4 404 45.2 50.0 51.5 54.0
" 57.3 65.2 73.3 75.8 80.2 40.4 45.1 50.0 515 54.2
11.5 58.0 66.2 74.6 77.3 82.0 39.9 44.9 50.0 51.6 54.4
12 58.7 67.2 76.0 78.8 83.9 39.7 44.8 50.0 51.6 54.6
125 59.4 68.2 774 80.4 85.7 39.4 446 50.0 51.7 54.8
13 60.1 69.3 78.8 82.0 87.7 39.2 445 50.0 51.8 55.0
13.5 60.8 70.3 80.3 83.6 89.6 39.0 443 50.0 51.8 55.2
Girls Waist circumference percentiles Waist to height ratio percentiles

Age (y) 5t 50" 85" 90" 95" 5" 50" 85" 90" 95"
6.5 50.1 55.4 60.0 61.4 63.4 417 46.2 50.1 51.3 53.2
7 50.6 56.4 61.5 63.0 65.4 41.3 46.0 50.1 51.3 53.2
7.5 51.2 57.4 63.1 64.7 67.4 41.0 45.8 50.0 51.3 53.3
8 51.7 58.4 64.6 66.4 69.5 40.7 45.6 50.0 51.3 53.4
8.5 52.3 59.4 66.1 68.1 715 404 45.4 49.9 51.2 53.5
9 52.9 60.4 67.6 69.8 73.5 40.1 45.2 49.9 51.2 53.6
9.5 53.6 61.4 69.1 71.4 75.5 39.9 45.0 49.8 51.2 53.7
10 54.3 62.4 70.5 72.9 77.3 39.6 44.8 49.7 51.2 53.8
10.5 55.0 63.4 71.8 74.4 79.0 39.3 446 49.7 51.2 53.9
1 55.8 64.4 73.0 75.8 80.5 39.0 44.4 49.6 51.2 54.0
1.5 56.6 65.4 74.3 77.0 81.9 38.7 44.2 49.6 51.2 54.1
12 57.4 66.4 754 78.3 83.3 38.5 44.0 49.5 51.2 54.3
12.5 58.2 67.4 76.6 79.6 84.7 38.2 43.8 49.5 51.3 54.4
13 59.1 68.4 77.8 80.8 86.1 37.9 43.6 49.4 51.3 54.4
13.5 59.9 69.4 79.0 82.1 87.5 376 434 494 51.3 64.7
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estimate the risk for chronic disease [14]. In our sample of
children we have further been able to show, that at a cer-
tain cut-off level (85th percentile for boys and 90th per-
centile for girls) this ratio remains constant over the entire
age range of 6 to 13 years. Whether those cut-offs are of
clinical relevance remains to be determined, but if this were
the case it would bring the advantage of an age independent
cut-off for all children. It has already been suggested that
for adults, where for WC gender as well as ethnicity spe-
cific cut-off values are necessary, a single, universal WHtR
cut-off of 50% may be sufficient. It was even suggested by
the same authors, that this same cut-off value may also be
useful in children [41]. Our data seem to support this sug-
gestion, as the 85th WHtR percentile lies exactly on the
value of 50% throughout all age groups for boys while it
crosses the 50% cut-off for girls, decreasing slightly with

Waist Circumference (cm)

5 -

501~

Waist to Height Ratio (%)

Body fat (%)

Age (years)

Figure 2

Waist circumference (A), waist to height ratio (B) and body fat %
(C) percentiles for boys and girls calculated by ImsChartMaker in a
national sample of 6 to 13 year old children in Switzerland (n =
2303).
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age (ranging from 50.1 at 6.5 y to 49.4 at 13.5 y). However,
large scale prospective studies assessing disease outcome
will be necessary to validate this universal cut-off, espe-
cially in children.

Using probability-proportionate-to-size cluster sampling
we have aimed at a nationally representative study popula-
tion. It has been possible to stick to the original sampling
scheme for all except one of the schools included and re-
sponse rate was similar in all regions. However, particip-
ation in the study was voluntary and we have no inform-
ation on the children who did not participate. This may,
of course, introduce a certain bias into the data, as one
might expect the proportion of non-participants to be high-
er in overweight children for fear of stigmatization as has
been discussed previously [42, 43]. If this was the case
in our study population, this would mean, that the higher
percentiles might be slightly underestimated, thus possibly
leading to slightly more ‘false positive’ values, which may
even be to the advantage of the children, as more would
be examined carefully for cardiovascular disease risk. Until
now, national Swiss data on WC or WHtR have not been
available. The percentile curves and values presented here,
which are derived from a large nationally representative
sample of 6 to 13 year old children, may therefore be useful
for Swiss clinicians and scientists even though additional
data will be required to set up official Swiss references.

In order to simplify diagnosis as well as international com-
parisons, standardized, international references including
exact instructions on the site of measurement would be
valuable. As long as these references are not available, na-
tional WC and WHItR references will have to be used to-
gether with references for BMI and, if possible, BF% for
epidemiologic studies as well as clinical diagnosis, unless
more precise measurements to quantify body fat distribu-
tion are available.
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