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Abstract

Background: Indices predictive of adolescent central obesity include waist circumference (WC), waist-to-hip ratio
(WHR) and waist-to-height ratio (WHtR). Such reference data are lacking for Greek adolescents. The aim of this study
was to develop age- and gender-specific WC, WHR and WHtR smoothed reference percentiles for abdominal obesity
among Greek adolescents aged 12-17 years, to investigate possible obesity cut-offs of WHR and WHtR and to compare
WC percentiles to other adolescent populations.

Methods: A representative sample of 1610 high school adolescents (42.2% boys, 57.8% girls; mean age + sd 144 +

1.72 years) participated in this cross-sectional study in Attica, Greece, in 2013. Weight, height, body mass index (BMI), WC,
hip circumference (HC), WHR and WHtR were measured and percentiles were calculated using the LMS method.
The relation between WHR, WHtR and general obesity, as defined by the International Obesity Task Force, was
investigated with receiver operating characteristic (ROC) analysis. The discriminating power of WHR and WHtR was
expressed as area under the curve (AUC). Greek adolescents’ WC measurements at the 50th and 90th percentile
were compared with their counterparts’ smoothed percentiles from Norway, Turkey, Poland, South India, Germany
and Kuwait.

Results: Boys had significantly higher mean in all measures than girls, except for BMI where there was no statistical
difference in terms of gender. BMI, WC and HC showed an increasing trend with age. WC leveled off in both genders
at the age of 17 years. WHR and WHtR showed a continuous decrease with advancing age. WHtR was a better
predictor for general obesity in both boys and girls (AUC 95% Cl 0.945-0.992) than the WHR (AUC 95% Cl 0.758-0.870);
the WHtR cut-off of 0.5 had sensitivity 91% and specificity 95% for both genders and all age groups combined.
International comparisons showed that Greek adolescents had relatively high levels of abdominal obesity in
early-middle adolescence but this did not persist at the age of 17 years.

Conclusions: These reference percentile curves could be used provisionally for early detection of abdominal
obesity in Greek adolescents aged 12-17 years; WHtR of 0.5 could also be used as a threshold for obesity in this
age group.
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Background

The worldwide prevalence of overweight (OW) and
obesity (OB) in children and adolescents has reached
worrying levels. School-based studies using standard-
ized Greek or international cut-off points, have shown
high prevalence of adolescent OW and OB over the two
past decades in Greece. A nationwide study carried out
during 1997-1998 in a representative sample of adoles-
cents 11-16 years of age reported an overall prevalence
of OW and OB 15.3% and 1.8% respectively, according
to the International Obesity Task Force (IOTF) criteria
[1,2]. In a large-scale epidemiological survey throughout
all parts of Greece in 2003, the overall prevalences of
OW and OB for adolescents aged 13-19 years were
23.3% and 6.1% in boys vs. 14% and 2.7% in girls,
respectively [3]. A regional study in the second largest
Greek city of Thessaloniki reported a prevalence of OW
and OB of 19% and 2.6% for the ages 11-17 years [4].
For the same city, another study showed a prevalence of
OW and OB of 23.8% and 4.8% according to IOTF
cut-off points, for the ages 12—18 years [5].

The above findings were based on body mass index
(BMI), which gives no indication of distribution of body
fat. In adolescents, as in adults, central or abdominal fat
increases the risk for metabolic (dyslipidemia and insu-
lin resistance) and cardiovascular complications [6,7].
Indices predictive of adolescent central obesity include
waist circumference (WC), waist-to-hip ratio (WHR)
and waist-to-height ratio (WHtR). WC is a highly sensi-
tive and specific measure of upper body fat in young
people and thus it is valuable for identifying overweight
and obese adolescents at risk of developing metabolic
complications. The same applies for risk factors of
cardiovascular disease in children and adolescents, in
whom WC and WHtR are better predictors than BMI [8].

Previous literature suggests the use of pre-specified
cut-off points for defining central obesity; WHtR >0.5
[9], WHR > 0.90 in men and >0.85 in women, in order
to standardize comparisons within and between popula-
tions [10]. However such cut-off points may not be suit-
able for all adolescents, as the sensitivity and specificity
change with age end ethnicity. Moreover, developing
ethnic-specific cut-offs requires a demonstration of dif-
ferential predictive validity. Only few specific cut-offs or
even reference percentiles for WC, WHR, WHtR are
available for adolescents in some countries [11-17] and
differ from one country to another, due to genetic and
environmental factors. Such reference data are lacking
for Greek adolescents, thus comprehensive reference
values for WC, WHR, WHtR are needed in order to
establish an ethnic accepted age- and gender-specific
definition of central obesity for adolescents in Greece.

The aim of this study was to develop age- and
gender-specific WC, WHR and WHtR smoothed reference
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percentiles for abdominal obesity among Greek adoles-
cents 12-17 years of age, to compare them to world-
wide curves generated for other adolescent populations
and to investigate possible WHR and WHtR cut-offs for
detecting general obesity as defined by the IOTF.

Methods

Subjects

Cross-sectional anthropometric data were obtained from
adolescents aged 12-17 years, as part of a “program for
health promotion, prevention and screening for charac-
teristics of metabolic syndrome in adolescents attending
high schools in three municipalities (Palaio Faliro, Aghios
Dimitrios, Alimos) in the Attica region in Greece, with the
use of portable telemedicine”. The program was funded by
the European Union and conducted from September to
November 2013. The study was in agreement with the
Helsinki Declaration. Ethical approval was obtained from
the Uniform Administrative Sector of Primary and Sec-
ondary Education of the Greek Ministry of Education and
Religious Affairs (reference number 86758/I'2).

Attica includes the capital and surrounding urban
areas; it is the largest and most populated region in
Greece. The inhabitants are quite similar to the general
Greek population as the urban population represents
60% of the country population and people from any-
where in Greece have been immigrating to Athens in the
last 70 years. A total of 23 public high schools were ran-
domly selected and the adolescents attending the schools
were informed about the study. All adolescents who pro-
vided a consent form signed by them and their parents
or guardians, participated in the study. A total of 2,100
adolescents were initially contacted, however, 490 eligible
adolescents (323 boys, 167 girls) were excluded from the
measurements as they did not provide consent forms
signed by them and their parents or guardians. Finally, a
total of 1610 adolescents (680 males and 930 females)
were included in the study (Figure 1). As far as possible,
the sample was representative of the Attica population of
adolescent girls and boys. The adolescent population aged
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Figure 1 Eligible and finally recruited adolescent population.
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12 to 17years was estimated at 212,189 adolescents in the
middle of 2011. The population sample of 1610 adoles-
cents satisfied a margin error of 3.2% at a 99% confidence
interval.

Measurements
Sampled schools were visited on pre-arranged dates,
early in the morning, by a team of pediatricians and
nurses, appropriately trained to perform anthropometry
by the principal investigator and an exercise physiologist.
Participants were instructed to fast overnight before
screening. The study protocol included the anthropo-
metric parameters body weight (BW), height (Ht), WC
and hip circumference (HC), with adolescents being
bare-foot and in minimal clothing. Adolescents’ weight
was measured with electronic portable scales (Fora
w100b, Switzerland) connected to suitable telemedicine
software (vida24, Vidavo Health Telematics). Height was
measured by portable stadiometers with the participants’
feet placed together with heels, buttocks and shoulder
blades against the stick and head positioned in the
Frankfurt horizontal plane. Waist and hip circumfer-
ences were measured twice using inextensible anthropo-
metric tape with the adolescents standing erect and
relaxed with arms at the sides and feet positioned close
together. Waist circumference was measured midway
between the lowest border of rib cage and the upper
border of iliac crest, at the end of normal expiration
[18]. HC was measured at the widest part of the hip at
the level of the greater trochanter. For all measurements
the tape was positioned at a level parallel to the floor.
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All measurements were in centimeters (cm) to the near-
est 0.1cm. For each participant, measurements were reg-
istered in the software database.

Statistical analysis

Mean values were calculated for BW, Ht, BMI, WC, HC,
WHR and WHtR. BMI was calculated as the ratio of body
weight to the square of height (kg/m?), WHR was calcu-
lated as the ratio of waist to hip circumference and WHtR
as the ratio of waist circumference to height. Smoothed
age- and gender-specific table and graph percentiles were
constructed for BMI, WC, WHR and WHtR by the LMS
method. The 3rd, 10th, 25th, 50th, 75th, 90th and 97th
percentiles were calculated to be in agreement with the
official Greek BMI curves for adolescents [19].

To evaluate the representativeness of the study data,
we examined if the study participants’ BMI had equal
means with the BMI derived from the Greek official
growth curves for age-matched adolescents. Using Stu-
dent t-test, we found that there was no statistical differ-
ence between these two populations.

Statistical analyses were carried out using the SPSS
software 21 version for Windows. Smoothed age and
gender-specific curves for all percentiles were constructed
with the use of software package LMS Chart Maker Pro,
version 2.54. The LMS method assumes that the data can
be normalized by using power transformation. The per-
centile curves were the results of smoothing the age
specific curves: L for skewness, M for median and S for
coefficient of variation [20,21].

Table 1 Mean values (+sd) for body weight (BW), height (Ht), body mass index (BMI), waist circumference (WC), hip
circumference (HC), waist-to-hip ratio (WHR) and waist-to-height ratio (WHtR) for Greek adolescents aged 12-17 years

Age (years) Number BW (kg) Ht (cm) BMI (kg/mz) WC (cm) HC (cm) WHR WHtR
Boys

12 127 520116 1570+7.8 21.0+38 714+94 889+82 0.80+0.06 045 £ 0.06
13 137 579+13.1 164.1+£7.1 214+41 735+110 912493 0.80+0.07 045+ 0.06
14 102 602+108 168374 21.1£31 735£82 928+73 0.79+0.05 044 £0.05
15 13 665+ 12.1 1741 £71 219+36 740+ 84 956+82 0.77 £0.05 043 +£0.05
16 122 700+13.0 1764+65 224+37 761190 976+80 0.78£0.06 043+0.05
17 79 712117 1770+68 226+34 748+78 969+76 0.77 £0.06 042 £0.04
Total 680 623+139 1688+ 10.2 21737 738+93 93.6+88 0.79+0.06 044 £0.05
Girls

12 159 49.8+109 1565+ 7.0 202+36 681190 893+82 0.76 £ 0.06 043+ 0.05
13 156 543+9.7 1604 +59 210+£34 688 8.7 93.6£9.6 0.74 +£0.05 043 £0.05
14 117 566+ 10.6 1620+59 215+37 69.8+90 944+83 0.74+0.08 043 +0.06
15 180 573+£96 1625+6.1 216£30 684 £6.9 96.0+6.2 0.71£0.04 042 £0.04
16 180 588+95 1635+6.1 219+31 689+72 97.1£85 0.71+£0.04 042 £0.04
17 138 594+98 1639+ 6.0 221+33 68.7+72 972+83 0.71£0.04 042+ 0.05
Total 930 56.0£10.5 1615+6.7 214+£34 68.7£79 946 £86 0.73+0.06 043 £0.05
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Table 2 Age- and gender-specific smoothed body mass
index (BMI), waist circumference (WC), waist-to-hip ratio
(WHR) and waist-to-height ratio (WHtR) percentiles for
Greek adolescents aged 12-17 years

Age (years) Percentiles
3rd 10th 25th 50th 75th 90th 97th

Boys

BMI (kg/m?) 12 157 168 183 203 228 259 300
13 162 173 186 205 229 259 303
14 166 177 189 207 230 258 299
15 172 182 195 212 234 262 303
16 176 186 199 216 239 267 306
17 180 190 203 220 243 270 307

WC (cm) 12 584 613 648 697 760 838 950
13 60.1 629 663 710 772 848 959
14 616 643 676 721 779 850 952
15 62.7 654 686 730 786 853 946
16 63.7 665 698 742 797 861 946
17 633 66.1 695 738 792 851 925

WHR 12 072 074 076 079 083 087 093
13 072 074 076 079 083 083 094
14 071 073 075 078 082 086 092
15 070 072 074 077 081 085 090
16 070 072 074 077 081 084 088
17 067 071 074 078 081 083 086

WHtR 12 037 039 041 044 048 053 059
13 037 039 041 043 047 052 058
14 037 038 040 043 046 050 057
15 036 038 039 042 045 049 055
16 036 038 040 042 045 049 054
17 036 037 039 042 045 048 052

Girls

BMI (kg/mz) 12 152 164 178 196 220 248 285
13 160 172 186 205 228 255 289
14 164 176 190 209 232 257 289
15 169 181 194 212 234 259 289
16 173 184 197 215 236 260 291
17 174 185 198 215 236 261 294

WC (cm) 12 567 59.1 621 662 717 786 892
13 580 603 632 672 724 790 889
14 587 610 638 676 726 787 876
15 588 61.1 638 675 722 778 856
16 590 613 640 677 723 776 849
17 587 610 638 675 720 773 843

WHR 12 068 070 072 075 079 083 089
13 066 068 070 073 076 081 087
14 065 067 070 072 076 080 086
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Table 2 Age- and gender-specific smoothed body mass
index (BMI), waist circumference (WC), waist-to-hip ratio
(WHR) and waist-to-height ratio (WHtR) percentiles for
Greek adolescents aged 12-17 years (Continued)

15 064 066 068 071 074 077 081
16 064 066 068 071 073 076 079
17 064 066 068 070 073 076 078
WHtR 12 037 038 040 042 046 050 057
13 036 038 039 042 045 049 055
14 036 038 039 042 045 049 054
15 036 037 039 042 045 048 052
16 036 037 039 042 044 048 052
17 036 037 039 041 044 047 052

The relation between WHR, WHtR and general obesity
as defined by the IOTF was investigated with nonparamet-
ric receiver operating characteristic (ROC) analysis. The
discriminating power of the WHR and the WHItR was
expressed as area under the curve (AUC) + std. error or
95% confidence intervals (CI).

Results

The study included a sample of 1610 high school adoles-
cents aged 12 to 17 years. The male to female ratio was
0.73 with 42.2% boys and 57.8% girls. The mean age
(+sd) was 14.4 (+1.72) years. Descriptive statistics for
BW, Ht, BMI, WC, HC, WHR and WH{R, by age group
for boys and girls are presented in Table 1. Boys had a
significantly higher mean in all measures than girls,
except for BMI where there was no statistical difference
in terms of gender. BMI, WC and HC showed an in-
creasing trend with age. WC leveled off in both genders
at the age of 17years. WHR and WHtR showed a con-
tinuous decrease with advancing age.

The following tables and curves demonstrate the
smoothed gender- and age-specific percentile values at
the 3rd, 10th, 25th, 50th, 75th, 90th and 97th percen-
tiles, which were developed and smoothed by the LMS
method; for WC [Table 2, Figure 2], for WHR [Table 2,
Figure 3] and for WHtR [Table 2, Figure 4].

ROC analysis showed that WHtR had higher discrimin-
ating power to detect IOTF obesity than WHR [Figure 5].
For obesity, the WHtR cut-off of 0.5 had a sensitivity of
91% and a specificity of 95% for both genders (AUC
0.969 + 0.018 for boys, 0.968 +0.015 for girls) and all
age groups combined (AUC 0.968 + 0.012). The cut-off
for WHR > 0.90 in boys had a sensitivity of 22% and a
specificity of 97% (AUC 0.866 +0.028) whereas the
WHR > 0.85 cut-off in girls had a sensitivity of 24% and
a specificity of 99% (AUC 0.772 + 0.047). WHtR was a
better predictor of general obesity than the WHR in
both boys and girls.
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Figure 2 Smoothed waist circumference (WC in cm) percentile Figure 4 Smoothed waist-to-height ratio (WHtR) percentile curves
curves for Greek adolescents. for Greek adolescents.

Comparisons

We compared our WC reference curves with those of
other countries in an attempt to evaluate ethnic differ-
ences in adolescent abdominal obesity. Because of differ-
ent methods that have been used in published national
reference values for adolescents, caution is needed when
comparing WC percentile reference data between studies.
Therefore, comparison was limited among studies that
used the LMS method. To use contemporary data, only
surveys conducted from the year 2000 onwards were
included. The results of the Greek adolescents’ WC
measurements were compared with those from coun-
tries of diverse geographical location and ethnicity:
Norway, Turkey, Poland, South India, Germany and
Kuwait [17,22-26]. Percentile curves for these coun-
tries were also based on cross-sectional data obtained
from adolescents in the school setting. For the adoles-
cents aged 12-17 years the reported mean BMIs
ranged from 20.4 to 24.2 for boys and from 20.3 to
23.9 for girls [23,25,26]. Our study participants had
mean BMI values of 21.7 for boys and 21.4 for girls
(Table 1). Data about WC is of special interest at the
50th percentile (WCso) because they reflect the majority
as a median point and at the 90th percentile (WCsy) be-
cause they reflect the pathological point of abdominal
obesity. Comparison of WCsq (median) and WCyq (ab-
dominal obesity cut-off) for Greek adolescents with their
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Figure 3 Smoothed waist-to-hip ratio (WHR) percentile curves for
Greek adolescents.

counterparts’ smoothed percentiles developed over the
past 15years in six countries, are presented in Figure 6.

Our findings showed that Kuwaiti adolescents had
higher WC and Turkish adolescents had lower WC than
Greeks in all ages for both genders. Greek adolescents
had higher WC values compared to South Indian, Polish
and Norwegian adolescents at all ages except at the age
of 17 years, where WC dropped to lower levels. Greek
adolescents in general had lower WC than Germans
except at the ages of 12—13 years, where Greek boys did
worse. Inter-country comparisons were also performed
for adolescents’” WCso and WCyy at the mean age of
14years as shown in Table 3. Results showed that 50th
and 90th WC percentile curves for Greek adolescents
aged l4years were higher for girls and boys as com-
pared to those for Norwegian, Turkish, and Polish ado-
lescents but lower than German and Kuwaiti girls and
boys. WCso and WCqo were higher for Greek boys and
lower for girls compared with their counterparts from
South India.

Discussion

This study presents the first age- and gender-specific
smoothed percentiles for WC, WHR and WHItR for
Greek adolescents 12 to 17 years of age. Percentile data
were developed from a representative sample of 1610
Greek high school adolescents. These curves represent
the first attempt to develop smoothed percentile curves
for those indices and to suggest Greek cut offs for defin-
ing abdominal obesity in this population.

Consistent with previous literature in adolescents
[11,13,17,22-29], WC showed an increasing trend with
age among both girls and boys. This is an expected find-
ing during puberty, as it represents a critical period for
body fat development and distribution [30]. At the upper
end of the age range, WC leveled off in both genders.
Boys had higher WC, WHR and WHtR values than girls
at all ages. This probably reflects gender-specific influ-
ences on waist circumference and can be explained by
the fact that in boys central fat distribution is more pre-
dominant than in girls. Adipose tissue is distributed
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mainly in the upper body (nape of neck, shoulders,
epigastrium) in boys, whereas in girls peripheral fat
accumulation in the lower body predominates.

Data about WC percentiles might be of special interest
as it remains the most widely accepted method and the
simplest clinical measure of pubertal central obesity; it is
noninvasive and easy to obtain. For adults, a cut-off for
predicting the risk for metabolic syndrome exists, how-
ever, adolescents require separate cut-offs of sex-specific
WC norms relative to age because of the normal in-
crease in WC throughout puberty. The 90th percentile
for WC is commonly suggested [31-33] as a cut-off
percentile at and above which the risk for metabolic
syndrome in adolescence increases substantially. As WC
cut off values vary according to ethnicity and such data
are lacking for Greek adolescents, we aimed to establish
the 90th percentile for WC in an effort to provide popu-
lation specific reference values for this age group. Pro-
vided that a specific WC cut-off exists, measurement of
this anthropometric indicator will be a useful screening
tool for cardiovascular and metabolic disease risk in
adolescents in primary care practice in Greece.

In young children, WC is reported to be a better estimate
of body fat percentage when adjusting for gender and age,
thus pointing to the importance of examining age-range

specific subgroups [34]. When all of our study adolescents
were combined, mean BMI increased with age and 11.1%
were found to have obese waist circumference (based on
their 90th percentile). The percentage of adolescents who
exceeded the 90th percentile reached a peak at the age of
13 years (averaging about 14%) and showed a decrease at
the age of 15 years (averaging about 8.6%). Thus, the age
group of 13 years appeared to be at increased risk for cen-
tral obesity but this risk seemed to decrease after the age of
attainment of peak height velocity.

International comparisons showed that Greek adoles-
cents have relatively high levels of abdominal obesity in
early and middle adolescence and this seems to reverse at
the age of 17 years. Unhealthy eating habits and other life-
style patterns are related to obesity in Greek adolescents
[35,36]. The relative decline in abdominal obesity at the
age of 17 years could be explained by the teenagers’ per-
sonal (exploration of identity) and social motivation (peer
pressure, sexual experimentation) during transition to
mid-adolescence, as body mass seems to affect body dis-
satisfaction and self-esteem in both girls and boys [37].
The major differences of the percentile curves among vari-
ous countries confirm the evidence of ethnic differences
in abdominal obesity and the ongoing need for providing
population specific WC reference curves for adolescents.
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WHR and WHtR exhibited an age-dependent decrease
for both genders. The cut-off of WHR > 0.90 corre-
sponded at the 97th WHR percentile for adolescent boys
whereas the cut-off of > 0.85 corresponded at the 93rd-
99th percentiles in girls according to age. These WHR
cut-offs used in adults were not suitable to be used as a
threshold for general obesity in our adolescents because
of a low sensitivity demonstrated by ROC analysis. Previ-
ous literature suggests the cut-off of WHtR > 0.5 as a
useful predictor of central obesity in representative

samples of UK, Norwegian and German adolescents
[9,23,26]. This finding was verified in our representative
sample of Greek adolescents. We observed that this cut-
off corresponded to the 85th-90th WHItR percentiles at
all ages for both girls and boys. In addition, the receiver
operating curves (ROC) demonstrated that WHtR was a
better predictor for general obesity in both boys and
girls (AUC 95% CI 0.945-0.992) than the WHR, which
demonstrated a smaller AUC (95% CI 0.758-0.870) to
detect obesity in both genders according to the IOTF
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Table 3 Comparison of WCs, (median) and WCy, (cut-off)
for waist circumference (in cm) among 14-year old boys
and girls from different countries

Boys Girls
WGCso WCyo WGCs, WCq

Norway 67.5 778 Norway 64.7 733
Turkey 68.9 795 Turkey 64.7 733
Poland 69.1 81.0 Poland 66.2 779
South India 694 834 South India 70.2 825
Greece 721 85.0 Greece 67.6 787
Germany 725 853 Germany 712 829
Kuwait 749 98.5 Kuwait 749 98.5

criteria. We conclude that WHtR of 0.5 could also be
used as a threshold for obesity in Greek adolescents
12-17 years of age.

Our study had several strengths such as the fact that
similar studies have not been previously performed in
Greek adolescents. Anthropometric data were collected
by appropriately trained health professionals that used
the same anatomic sites of measurements. Furthermore,
results are likely to be representative of today’s adoles-
cents because BMI data were collected during a recent
specific period of time and were similar to contemporary
Greek official adolescent BMI data.

Limitations include the lack of information of the
effect of pubertal status on the anthropometric indices,
as well as the cross-sectional design of the study based
on data collection in 2013 with a high prevalence of
overweight/obesity. The prevalence of pediatric and ado-
lescent overweight/obesity in Greece has risen to more
than 30% over the past 5 years [38], however the lack of
earlier analytic data did not allow accurate comparisons.
Although our reference lines are based on contemporary
data that are likely to be representative of the current
situation in Greece, validation of these percentile curves
against equivalent longitudinal data are warranted in
future studies. Another limitation was the lower partici-
pating rate of boys vs. girls. The higher percentage of
boys’ missing consent forms was mainly attributed to
their negligence to inform their parents. The fact that
more girls had taken care for the consent forms to be
completed in time, could be partially attributed to their
higher interest in body measurement, size and shape as
they are more sensitive to their changing physical ap-
pearance, than boys [39].

Conclusions

In conclusion, this is the first comprehensive study
which determines smoothed age- and sex-specific WC,
WHR and WHtR percentiles in the Greek population
for adolescents aged 12 to 17 years. We propose that
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these percentiles could be used provisionally in clinical
practice for early detection of abdominal obesity in
Greek adolescents. WHtR could be used as an additional
or alternative screening tool for general obesity in this
age group.
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