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Summary

Background: This study investigates the concordance of four
waist circumference (WC) measurement sites, and examines
their relationships with nutritional status and cardiometabolic
risk. Subjects and Methods: In 91 females / 89 males (6.1-19.9
years; 12.2% overweight), WC was assessed beneath the lowest
rib (WCR), 4 cm above the umbilicus (WC4), above the iliac
crest (WCC), and midway between WCR/WCC (WCM). ‘Over-
waist’ was defined as a WC > 90th age-/sex-specific percentile.
Pubertal stage was assessed according to Tanner. Body compo-
sition (air-displacement plethysmography), blood pressure,
lipid profile, glucose/insulin levels, and HOMA-IR (homeostasis
model assessment of insulin resistance) were measured. Re-
sults: Medians of WCs (cm) for females/males were WCR
(64.4/69.5) < WC4 (64.6/70.2) < WCM (67.1/71.2) < WCC (71.5/
74.2). Although closely related to each other (all r > 0.93;
p < 0.001), paired comparisons revealed differences between
WCs in their magnitudes which was stronger for females than
males. Prevalence of ‘overwaist’ differed according to measure-
ment site in females/males: WCR (13.2/15.7%) < WC4 (14.3/
19.1%) < WCM (18.7/22.5%) < WCC (37.4/30.3%). After adjusting
for age and pubertal status, WCs were closely related to body
mass index (BMI) (all r > 0.86; p < 0.001), percent fat mass
(%FM; all r > 0.61; p < 0.001), and comparably associated with
cardiometabolic risk factors. However, stronger correlations
were found for i) WCR vs. WC4 with BMI in males (r = 0.93 vs.
0.91; p < 0.05), ii) WCC vs. WC4 with %FM in females (r = 0.67
vs. 0.61; p < 0.05), iii) WCC vs. WCR with triglycerides in females
(r=0.29 vs. r = 0.22; p < 0.05), and iv) WCC (r = 0.36) vs. other
WCs (r = 0.30-0.32) with low-density lipoprotein cholesterol
(LDL-C) in males (p < 0.05). Conclusion: WCs measured at dif-
ferent sites were closely correlated with BMI and %FM as well
as comparably associated with cardiometabolic risk factors.
However, different WCs had different magnitudes, which was
more obvious in females and led to discordant results with re-
spect to ‘overwaist’ and risk assessment.

Introduction

Childhood overweight has become a major public health con-
cern, and its prevalence is increasing worldwide [1]. Adverse
health outcomes include early manifestations of diabetes mel-
litus, coronary heart disease, hypertension, and hyperlipi-
daemia [2-5]. Thus, early identification, prevention, and treat-
ment of children at risk are a challenge. There is a need of
proxies for childhood overweight and its co-morbidities, which
should be simple to assess but sensitive and accurate [6]. Waist
circumference (WC) was shown to be a good measure of over-
weight and its co-morbidities [4, 6-8]. Moreover, WC was de-
scribed to be a good measure of abdominal obesity and viscer-
al adipose tissue (VAT) [9, 10], which are more closely related
to cardiovascular risk than overweight as assessed by body
mass index (BMI) per se.

However, there is no standardised protocol for measuring
WC. Wang et al. [11] found 14 different descriptions for the
WC measurement site. However, these sites can be grouped
as: i) directly below the lowest rib (WCR), ii) at the narrowest
waist (which often is at the lowest rib), iii) midway between
the lowest rib and the iliac crest (WCM), and iv) directly
above the iliac crest (WCC) [11]. A recent study favoured an-
other measurement site for WC in children, which was 4 cm
above the umbilicus (WC4) [12]. Up to now, few studies have
compared implications of measuring WC at different sites.
Wang et al. used four WC measurement sites in 111 subjects
aged 7-83 years. They found that these WCs differed in their
magnitude, and that the values were more depended on the
specific site in females compared to males [11]. Rudolf et al.
[12] investigated a small sample of children/adolescents (n =
41;31 girls, 11 obese subjects), and showed that three different
WC measurement sites were highly correlated with each other
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as well as with BMI. Nevertheless, there was a bias and vari-
ability between different measures of WC. In adults, WCR
(compared to WCM and WCC) was the only predictor of
VAT as assessed by computed tomography in a regression
model, although all WCs were closely correlated with VAT.
Moreover, a high WCR (compared to WCM and WCC) was
associated with a higher glucose concentration; WCR and
WCM differentiated normal from elevated triacylglycerol lev-
els [13]. Since the need of an internationally accepted WC
measurement site was disclosed [11, 12], further research is
needed in this field.

This study used data of 91 female and 89 male subjects
(6.1-19.9 years; 12.2% overweight), where WC was assessed at
four different sites (WCR, WC4, WCM, WCC)). The aims of
the study were i) to investigate the concordance of 4 WC mea-
surement sites among each other, and to examine their rela-
tionships with ii) nutritional status and iii) cardiometabolic
risk factors.

Subjects and Methods

Study Design and Population

91 female and 89 male subjects (13.2 + 3.7 years) of Caucasian descent
were recruited by notice board postings, writing to families who attended
the Kiel Obesity Prevention Study (KOPS) [14], and publicity of partici-
pants. Subjects did not take any medication known to influence body
composition or cardiometabolic risk factors. The local Ethics Committee
of the Christian-Albrechts-University in Kiel (Germany) approved the
study. Written informed consent was obtained from each child/adolescent
and their legal guardian before measurement, or by the subject itself. The
study meets the standards of the Declaration of Helsinki in its revised
version of 1975 and its amendments of 1983, 1989, and 1996.

Assessment of Nutritional Status and Pubertal Stage

After an overnight fast, height was measured to the nearest 0.5 cm against
a stadiometer (SECA, Modell 220, SECA, Hamburg, Germany). Body
weight was measured to the nearest gram using the digital scale coupled
to the BodPod™ system (Body Compostion System, Life Measurement
Instruments, Concord, CA, USA). BMI was calculated as weight (kg) /
height (m?). German reference percentiles were used to calculate BMI-
SDS (standard deviation score) and to define overweight (>90th per-
centile) [15]. The upper age limit of 18.5 years for these references result-
ed in 171 children/adolescents for this analysis. For adults, WHO refer-
ences were used to define overweight [16].

Subjects were dressed in underwear, and WC was measured at 4 different
sites to the nearest 0.5 cm at minimal respiration. An inelastic tape was
placed directly on the skin, while subjects stood balanced on both feet
with their arms hanging freely. Four WCs were measured by a single ob-
server: i) directly beneath the lowest rib (WCR), ii) 4 cm above the um-
bilicus (WC4), iii) midway between the lowest rib and the iliac crest
(WCM), and iv) directly above the iliac crest (WCC). The intra-observer
coefficients of variation (CVs) of 4 trained observers were 0.6% (WCR),
1.5% (WC4),1.1% (WCM), and 0.7% (WCC). The corresponding inter-
observer CVs were 1.0% (WCR), 1.1% (WC4),1.9% (WCM), and 3.1%
(WCCQ).

‘Overwaist’ was defined as a WC exceeding 90th age-/sex-specific per-
centile of Dutch reference values [17] which were generated from WC
measurements midway between the lowest rib and the iliac crest in 14,500
children, adolescents, and young adults (age range: 0-21 years). Vice versa,
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‘normal waist” was defined as a WC < 90th percentile. Hip circumference
was measured at the level of symphysis, and waist-to-hip ratios were cal-
culated. Body composition (fat mass (FM) and fat-free mass (FFM)) was
assessed by air-displacement plethysmography (ADP; BodPod™, Life
Measurement Instruments), and child-specific corrections for ADP were
applied as described elsewhere [18]. Tanner stages of pubertal develop-
ment (pubic hair stages for both sexes, breast stage for females, and geni-
talia stages for males) were assessed by using standard pictures on scales
from 1 to 5 according to Tanner [19]. For children aged younger than 10
years, Tanner stage 1 was chosen. Children and adolescents older than 10
years reported their pubertal stage by themselves. This procedure has
been validated by Duke et al. [20].

Cardiometabolic Risk Factors

Blood pressure was measured with a standard manual sphygmomanome-
ter in a seated position. Glucose levels and lipid profile were measured in
series on a VITROS® 950 Chemistry System autoanalyser (ortho-Clinical
Diagnostics, Neckargemiind, Germany), low-density lipoprotein choles-
terol (LDL-C) was calculated using the Friedewald equation [21]. Ra-
dioimmunoassay was used to assess plasma insulin levels (Adaltis,
Freiburg i.Br., Germany; CV < 5.4%), and insulin resistance was calculat-
ed by homeostasis model assessment of insulin resistance: HOMA-IR =
(glucose (mmol/l) x insulin (WU/ml)) /22.5 [22].

Statistical Analysis

Analyses were performed using SPSS 15.0 for Windows (SPSS, Chicago,
IL, USA) and were stratified by sex. Descriptive statistics were given as
median (interquartile range; IQR) or mean + SD (range). Mann-Whitney
U-Test was used to compare means between females and males. Chi-
square test was applied to analyse differences in the frequency distribu-
tion of categorical variables. Pearson’s correlation was performed to
demonstrate the relationship between 2 variables. To analyse an associa-
tion while considering age and pubertal stage as covariates, partial corre-
lation was adopted. To test if correlation coefficients differed from each
other, significance test according to Meng et al. [23] was used [24]. Normal
distribution was tested by Kolmogorov-Smirnov test. Parameters that
showed no normal distribution were logio-transformed for correlation
analysis. Bland-Altman plots for difference vs. mean for different WC
measurement sites were used to determine absolute agreement between
the measures [25]. To test if differences between 2 WC measurement sites
were significantly different from 0, t-test was adopted. A p value < 0.05
(two-sided) was considered to be statistically significant.

Results

Characterisation of the Study Population

Descriptive statistics are summarised in tables 1 and 2. When
compared with males, females were shorter, had a lower FFM
and higher FM. Prevalence of overweight was 11.0% for fe-
males and 13.5% for males (p > 0.05). Regarding the four dif-
ferent WC measurement sites, females had a lower WCR and
WC4 compared to males, whereas WCM and WCC did not
significantly differ between genders. However, females had
lower waist-to-hip ratios than males, whereas pubertal stage,
hip circumference, and cardiometabolic risk factors did not
significantly differ between genders.

Concordance of WC Measurement Sites
WCs were closely related to each other (all r > 0.93; all p <
0.001). Nevertheless, all WCs differed from each other in their
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Table 1. Characterisation of the study population according to age, nutri-
tional status, and pubertal stage (Mann-Whitney U-test; median (IQR)
and chi-square test (%))

Females (n =91) Males (n = 89)

Physical characteristics and body composition

Age, years 13.3 (10.0-16.4) 13.7 (10.0-16.8)
Weight, kg 46.1 (33.3-60.2) 52.8 (37.2-67.5)
Height, m 1.59 (1.42-1.69) 1.64 (1.45-1.77)%*
BMI, kg/m? 19.1 (16.5-21.0) 19.7 (17.1-21.5)
BMI-SDS? ~0.02 (-0.49-0.68)  0.04 (-0.53-0.84)
FM, % 18.7 (14.4-24.7) 13.0 (8.3-19.8)#*
FFM, kg 38.7 (27.6-46.6) 42.5 (30.2-60.3)**

Waist circumferences, cm

WCR 64.4 (58.5-69.5) 69.5 (62.5-74.2)%*
WC4 64.6 (58.5-70.5) 70.2 (61.6-75.0)**
WCM 67.1 (60.1-73.5) 71.2 (62.6-75.9)
wCC 71.5 (63.1-80.0) 74.2 (64.1-80.0)

Hip circumference, cm 87.4 (73.0-95.5) 84.0 (75.4-93.1)

Waist to hip ratios

WCR/hip ratio 0.76 (0.72-0.81) 0.82 (0.80-0.85)%*
WC4/hip ratio 0.77 (0.73-0.81) 0.83 (0.80-0.86)**
WCM/hip ratio 0.79 (0.76-0.83) 0.83 (0.81-0.86)***
WCC/hip ratio 0.84 (0.81-0.87) 0.87 (0.84-0.90)**

Pubertal stage, %

I 37.4 37.1
1I 5.5 10.1
111 9.9 9.0
v 27.5 28.1
\Y% 19.8 15.7

FFM = Fat free mass; FM = fat mass; SDS = standard deviation score;
WCC = waist circumference assessed above the iliac crest; WC4 = waist
circumference assessed 4 cm above the umbilicus; WCM = waist circum-
ference assessed midway between the lowest rib and the iliac crest; WCR
= waist circumference assessed beneath the lowest rib.

**p < 0.01; #**p < 0.001: significant difference between genders.

an = 88 (females) and n = 83 (males)

Table 2. Characterisation of the study population according to car-
diometabolic risk factors (Mann-Whitney U-test; median (IQR))

Females (n = 91)

Males (n = 89)

RRsys, mm Hg
RRdias,mm Hg
Triglycerides, mg/dl
Cholesterol, mg/dl
LDL-C, mg/dl
HDL-C, mg/dl
Glucose, mg/dl

HOMA-IR, mmol/l x uU/ml

118.0 (110.0-124.0)

70.0 (66.0-76.0)
70.0 (53.8-95.5)

151.0 (134.8-174.3)

76.7 (61.0-91.5)

60.5 (52.0-70.0)

89.0 (85.0-93.0)
2.4(1.7-3.1)

120.0 (110.0-129.0)
71.0 (66.0-75.0)
69.0 (49.0-86.0)

143.0 (127.0-164.0)
69.1 (57.8-88.0)
56.0 (47.0-67.0)
90.0 (87.0-95.0)

2.1 (1.6-2.7)

HDL-C = High-density lipoprotein cholesterol; HOMA-IR = homeostasis
model assessment of insulin resistance; LDL-C = low-density lipoprotein
cholesterol; RRdias = diastolic blood pressure; RRsys = systolic blood
pressure.

Measurement of Waist Circumference
in Children, Adolescents, and Young Adults

Table 3. Paired comparison of 4 waist circumference measurement sites
and gender differences (mean + SD (range))

Females (n=91) Males (n = 89)

WCM-WCR,cm 2.8 2.8 (-1.8-12.9)%%% 12+ 1.8 (-2.1-102)%** *
WCM-WC4,cm 2.4 +2.7 (-1.7-11.9)%%% 053 = 1.6 (-4.1-5.0)** #
WCM-WCC,cm 4.6 + 2.8 (-14.9-0.8)* 2.9 +2.1 (~10.8-1.8)%**
WCR-WC4,cm  -041 + 1.6 (-6.7-3.0)%  —0.63 + 1.7 (-8.0-3.3)**
WCR-WCC,cm  —7.3 +42 (-17.0-0.0)%%* 4.1 +3.0 (-15.8-1.5)%***
WCC-WC4,ecm 6.9 £4.1 (-1.0-162)%% 34228 (-2.4-13.4)%5 #

WCC = Waist circumference assessed above the iliac crest; WC4 = waist
circumference assessed 4 cm above the umbilicus; WCM = waist circum-
ference assessed midway between the lowest rib and the iliac crest; WCR
= waist circumference assessed beneath the lowest rib.

*p < 0.05; **p < 0.01; ***p < 0.001: significant different from 0 (t-test).

#p < 0.001: significant difference between genders (Mann-Whitney U-
Test).

Table 4. Prevalence

of ‘overwaist’ Females Males

(defined as a WC (n=91) (n=89)

> 90th percentile of

WC reference values ~ WCR,cm 132 15.7

[17]) according to WC4,cm 14.3 19.1

different WC mea- WCM, cm 18.7 225
WCC, cm 37.4 30.3

surement sites (no
gender difference:
chi-square test; %)

WCC = Waist circumference assessed above the
iliac crest; WC4 = waist circumference assessed
4 cm above the umbilicus; WCM = waist cir-
cumference assessed midway between the low-
est rib and the iliac crest; WCR = waist circum-
ference assessed beneath the lowest rib.

magnitude (table 3), and systematic errors were observed for
the assessment of WC (fig. 1). WCR underestimated WC com-
pared to WCM, and the same was true for WC4 compared to
WCM and WCC. On the other hand, WCC overestimated WC
compared to WCM, and the same was true for WCC and WC4
compared to WCR. Except for the comparison of WCR vs.
WCH4, this effect was stronger in females compared to males
(table 3). The limits of agreement (mean bias defined as the
mean differences between measurement sites and 95% confi-
dence interval (+ 2 SD)) were narrowest for WCR compared
to WC4 (- 0.52 (- 3.7-2.7)) and widest for WCR compared to
WCC (- 5.7 (- 13.7-2.3)). Moreover, variability increased with
increasing WC (fig. 1). Bias was correlated with BMI-SDS
(r=0.35;p < 0.001 (WCM vs. WCR), 1 =0.22; p < 0.01 (WCM
vs. WC4), r = - 0.24; p < 0.01 (WCM vs. WCC), r = - 0.22;
p < 0.01 (WCR vs. WC4), r = - 0.38; p < 0.001 (WCR vs.
WCC), and r = 0.29; p < 0.001 (WCC vs. WC4). However, ex-
cept for the comparison of WCR vs. WC4 (r = - 0.37; p > 0.05),
bias was as well correlated with age (r = 0.25;p < 0.001 (WCM
vs. WCR), r = 0.23; p < 0.001 (WCM vs. WC4), r = — 0.33;
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Fig. 1. Bland-Altman
plots of limits of
agreement in waist
circumference
between measure-
ment sites. Parallel
lines indicate the
mean difference + 2
SD; closed symbols
for females, open for
males. WCC = waist
circumference as-
sessed above the iliac
crest, WC4 = waist
circumference as-
sessed 4 cm above
the umbilicus, WCM
= waist circumference
assessed midway
between the lowest
rib and the iliac crest,
WCR = waist circum-
ference assessed
beneath the lowest
rib.

p < 0.001 (WCM vs. WCC), r = - 0.37; p < 0.001 (WCR vs.
WCC), and r = 0.36; p < 0.001 (WCC vs. WC4)).

Different WC measurement sites resulted in different waist-
to-hip ratios (table 1), and different prevalence of ‘overwaist’
(table 4). In both genders, prevalence of ‘overwaist’ was lowest
for WCR compared to WC4, WCM, as well as WCC, and no
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gender difference could be obtained. Since applied reference
values were generated from WC measurements midway be-
tween the lowest rib and the iliac crest [17], a comparison re-
garding the concordance of WCR, WC4, and WCC with WCM
in defining ‘normal waist’ and accordingly ‘overwaist’ was per-
formed. 5.5% of females and 9.0% of males were discordantly
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classified into ‘normal waist’/‘overwaist’, when comparing
WCR with WCM, whereas for the comparison of WC4 vs.
WCM 4.4% (females)/5.6% (males) and for WCC vs. WCM
20.9% (females)/7.9% (males) were discordantly classified
into ‘normal waist” and ‘overwaist’ respectively.

Relationship of WC Measurement Sites with Nutritional Status
After adjusting for age and pubertal stage, all WCs were close-
ly correlated with BMI (all r > 0.86 (females), all r > 0.91
(males); all p < 0.001) and percent FM (%FM) (all r > 0.61 (fe-
males), all r > 0.66 (males); all p < 0.001). However, WCR (r =
0.93) vs. WC4 (r = 0.91) had a stronger correlation with BMI
in males (p < 0.05). Regarding the association between the
four measured WCs and %FM, WCC (r = 0.67) vs. WC4 (1 =
0.61) was stronger correlated with %FM in females (p < 0.05).

Relationship of WC Measurement Sites with Cardiometabolic
Risk Factors

Correlation of cardiometabolic risk factors with WCs mea-
sured at four different sites and BMI is shown in table 5. All
measures of WC were positively correlated with blood pres-
sure, triglycerides (females), LDL-C (males), glucose levels
(females), and HOMA-IR. By contrast, a negative correlation
was observed for all measures of WC and high-density
lipoprotein cholesterol (HDL-C). In females, WCC compared
to WCR had a stronger correlation with triglycerides. In
males, WCC compared to other WCs had a stronger correla-
tion with LDL-C. Comparing different WC measurement sites
with BMI, WCs were closer related to glucose levels (females)
and HOMA-IR (both genders) as well as diastolic blood pres-
sure (males).

Discussion

Although closely related to each other, different WC mea-
surement sites gave different magnitudes with WCR<WC4
<WCM<WCC (table 1). When compared with males, these
differences were more obvious for females (table 3). More-
over, systematic errors were observed for the assessment of
WC between all measurement sites (fig. 1) and differences in
magnitudes of WCs resulted in different waist-to-hip ratios
(table 1) and prevalence of ‘overwaist’ (table 4). All WCs
were closely correlated with BMI and %FM. However, WCR
compared to WC4 was stronger related to BMI in males and
WCC vs. WC4 to %FM in females. Regarding cardiometabolic
risk factors, WCC vs. WCR had a stronger relation with
triglycerides in females and WCC vs. other WCs with LDL-C
in males. All other cardiometabolic risk factors were compara-
bly associated with WCs (table 5).

Concordance of WC Measurement Sites
In line with Wang et al. [11] and Rudolf et al. [12], we could
show that though highly correlated with each other, WCs dif-

Measurement of Waist Circumference
in Children, Adolescents, and Young Adults

fered in their magnitude. Thus, WCs measured at different
sites cannot be used interchangeably. This was more obvious
for females compared to males (table 3) and was probably due
to sex differences in body shape.

As shown in table 4, differences in magnitudes of WCs result-
ed in different prevalences of ‘overwaist’. But one should keep
in mind that we have applied references generated of WC
measurements midway between the lowest rib and the iliac
crest [17]. Reference charts for WC are available for several
countries as for example Great Britain [26], China [27], and
the United States [28]. These references were also generated
of WC measurements midway between the lowest rib and the
iliac crest. However, this could lead to bias and misinterpreta-
tion when applying these references to other WC measure-
ment sites, since WCR as well as WC4 underestimated and
WCC overestimated WC when compared with WCM (table
3). These results confirm the proposition of Wang et al. [11]
that a comparison between WCs is only valid if the same mea-
surement site is used.

Relationship of WC Measurement Sites with Nutritional Status
The association between WC and BMI as well as %FM dif-
fered according to WC measurement site. Although all WCs
were highly correlated with BMI and %FM, WCR compared
to WC4 had a closer relation with BMI in males and WCC
vs. WC4 with %FM in females. This is in line with Rudolf et
al. [12] who showed that three measurement sites for WC
were highly correlated with BMI, although there was bias
and variability between the measures. Wang et al. [11]
showed that %FM had a closer association with WCC com-
pared to three other measurement sites. They proposed that
WCC seems to be appropriate for linking VAT with a single-
slice computed tomography or magnetic resonance imaging
measurement, since the iliac crest is closer to L4-L5 than
other measurement sites. However, a comprehensive view of
different WC measurement sites regarding their association
with VAT as assessed by gold standards such as magnetic res-
onance imaging in children and adolescents is still missing.
Edwards et al. [13] used data of 15 adults with spinal cord in-
jury and 16 able-bodied controls, where VAT was assessed
by computed tomography at L4-L5 and WC was measured at
three sites (WCR, WCM and WCC). Although all sites were
closely correlated with VAT, WCR was the only predictor of
VAT in a regression model. Whether this is also true for chil-
dren and adolescents is not clear, since childhood and ado-
lescence are periods where VAT is physiologically scarce [29]
and puberty can influence the WC-VAT relationship [30]. In
this context, a limitation of our study was the age range
(6.1-19.9 years). Fat patterning changes rapidly during
growth and sexual maturation with differences between fe-
males and males. Additionally, sex hormones differently in-
fluence subcutaneous and visceral adipose tissue [30]. There-
fore, an investigation of children with a narrower age range
would be preferable.
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Table 5. Relationships of waist circumferences measured at four different sites and BMI with cardiometabolic risk factors in females and males (partial
correlation; adjusted for age and pubertal stage)

Females (n = 91) Males (n = 89)

WCR, WC4, WCM, WCC, log BMI, WCR, WC4, WCM, WCC, log BMI,

cm cm cm cm kg/m? cm cm cm cm kg/m?
Log RRsys,mm Hg 0.35%%* 0.36%* 0.33%* 0.33%%* 0.35%%* 0.09 0.03 0.08 0.08 0.09
Log RRdias, mm Hg 0.26% 0.30%* 0.29%%* 0.26* 0.23* 0.23% 0.24%* 0.24* 0.23* 0.14*
Log triglycerides, mg/dl 0.22% 0.25% 0.26* 029 #  (.22% 0.09 0.10 0.09 0.09 0.16
Cholesterol, mg/dl 0.04 0.04 0.06 0.07 0.09 0.12 0.10 0.13 0.18 0.11
LDL-C, mg/dl 0.16 0.16 0.17 0.19 0.20 0.30%* 0.30%%* 0.32%%  0.36%x % (.3]%*
Log HDL-C, mg/dl -0.25% -0.26%* —0.25% —-0.28%* -0.21 —0.34%*%  0.37%FF  (.34%F  —0.33%*F  .39%**
log glucose, mg/dl 0.22% 0.22% 0.23* 0.23* 0.11# 0.18 0.17 0.16 0.16 0.20
Log HOMA-IR, mmol/l x pU/ml 0.36%* 0.38*#% (.38 (4] 0234 F 0.59%#%  (.61%#x  (.59%kx  ().59%x (505 #

HDL-C = High-density lipoprotein cholesterol; HOMA-IR = homeostasis model assessment of insulin resistance; LDL-C = low-density lipoprotein cho-
lesterol; RRdias = diastolic blood pressure; RRsys = systolic blood pressure; WCC = waist circumference assessed above the iliac crest; WC4 = waist cir-
cumference assessed 4 cm above the umbilicus; WCM = waist circumference assessed midway between the lowest rib and the iliac crest; WCR = waist

circumference assessed beneath the lowest rib.

*p < 0.05; ¥*p < 0.01; ***p < 0.001: correlation between WCs/BMI and cardiometabolic risk factors.
#Significant difference between correlation coefficients (significance test according to Meng et al. [23]; Stober and Hahn [24]):

WCC vs. WCR (log triglycerides in females; p < 0.05).
BMI vs. WCR, WC4, WCM, WCC (log glucose in females; all p < 0.05).

BMI vs. WCR, WC4, WCM (all p < 0.01) and BMI vs. WCC (p < 0.001; log HOMA-IR in females).

BMI vs. WCR, WC4, WCM, WCC (1ogRRdias in males; all p < 0.05).
WCC vs. WCR, WC4, WCM (LDL-C in males; all p < 0.05).

BMI vs. WCR, WCH4 (all p<0.01) and BMI vs. WCM and WCC (all p<0.05;10eHOMA-IR in males).

Relationship of WC Measurement Sites with Cardiometabolic
Risk Factors

To our knowledge, this is the first study to investigate different
measurement sites for WC regarding cardiometabolic risk fac-
tors in children, adolescents, and young adults (table 5). WCC
vs. WCR had a stronger association with triglycerides in fe-
males. In males, WCC compared to other sites was closer re-
lated to LDL-C. However, on the basis of these results, we
cannot say which method was superior. WC measurement
sites need to be validated against gold standards for assessing
visceral fat (such as magnet resonance imaging). One should
further keep in mind technical issues in assessing WC when
choosing a WC measurement site for epidemiological studies.
All measurements of WC were highly reproducible (intra-ob-
server CVs < 1.5%). However, inter-observer CV was highest
for WCC (3.1%). The assessment of WCC might be difficult,
since the waist shape above the iliac crest decreases more than
the waist shape in other regions of the trunk; it might be prob-
lematic stabilising the measurement tape on a sharply curved
skin surface [11].However, technical issues need also be con-
sidered when assessing other WCs. Regarding WCR, the mea-
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