ISSN (electronico): 1699-5198 - ISSN (papel): 0212-1611 - CODEN NUHOEQ SVIR. 318
- LY &
Nutricion
- -
Hospitalaria

TrabajO Original Valoracion nutricional

Waist circumference, waist-to-hip ratio, and waist-to-height ratio reference percentiles

for abdominal obesity among Macedonian adolescents
Percentiles de referencia de circunferencia de la cintura, relacion cintura-cadera y relacion
cintura-altura para la obesidad abdominal de los adolescentes macedonios

Danilo Bojanic!, Milovan Ljubojevic', Dragan Krivokapic' and Seryozha Gontarev?

"Faculty for Sport and Physical Education. University of Montenegro. NikSi¢, Montenegro. 2Faculty of Physical Education, Sport, and Health. Ss. Cyril and Methodius
University. Skopje, North Macedonia

Abstract

Background: the goal of this study was to define waist circumference (WC), wasis-to-hip ratio (WHR) and waist-to-height ratio (WHRt) smoothed
reference percentiles for assessing abdominal obesity in Macedonian adolescents aged 11 to 18 years in order to investigate possible obesity
cut-offs of WHR and WHtR, and to compare WC percentiles with those of other adolescents.

Methods: the research was conducted on a sample of 2,490 adolescents of the Republic of Macedonia aged 11 to 18 years: 1,288 males and
1,202 females. Weight, height, body mass index (BMI), WC, hip circumference (HC), WHR and WHtR were measured and percentiles were calcu-
lated using Cole’s Lambda, Mu and Sigma (LMS) method. The relation between WHR, WHtR and general obesity, as defined by the International
Obesity Task Force, was investigated with a receiver operating characteristic (ROC) analysis.

K ds:
eywords Results: the boys had statistically significant higher values in all anthropometric measures except in HC, where statistically significant gender
Abdominal obesity. differences were not found. BMI, WC, and HC showed an increasing trend with age. The WHIR variable is a better indicator for assessing general
Adolescents. obesity in both boys and girls (AUC, 95 % Cl: 0.905-0.928) than WHR, which showed lower AUC values (95 % Cl: 0.697-0.734) in predicting
ﬁg:;ﬂm‘:;;‘sc |0TF obesity; the WHtR cut-off of 0.5 had a sensitivity of 74 % and a specificity of 92 % for both genders and all age groups.
LMS method. Féoc Conclusions: the obtained reference percentile curves can be used temporarily for early detection of abdominal obesity among Macedonian
analysis. adolescents aged 11 to 18 years; a WHtR of 0.5 may also be used as an obesity threshold in these age groups.
Resumen
Antecedentes: el objetivo de este estudio fue definir los percentiles de referencia suavizados perimetro abdominal (WC), relacion cintura-cadera
(WHR) y relacion cintura-talla (WHtR) para evaluar la obesidad abdominal en adolescentes macedonios de 11 a 18 afios, con el fin de investigar
posibles valores de corte de WHR y WHIR para la obesidad, y comparar los percentiles de WC con los de otros adolescentes.
Métodos: la investigacion se realizé en una muestra de 2490 adolescentes de la Republica de Macedonia de 11 a 18 afios de edad; 1288
varones y 1202 mujeres. Se midieron peso, altura, indice de masa corporal (IMC), WC, circunferencia de cadera (HC), WHR y WHtR, y se calcularon
los percentiles utilizando el método LMS. La relacion entre WHR, WHtR vy la obesidad general, segun lo definido por la International Obesity Task
Force, se investigd con el andlisis de las caracteristicas operativas del receptor (ROC).
Resultados: los varones tuvieron valores estadisticamente mas altos en todas las medidas antropométricas excepto en HC, donde no se encon-
Palabras clave: traron diferencias estadisticamente significativas entre ambos sexos. IMC, WC y HC mostraron una tendencia creciente con la edad. La variable
WHR es un indicador para evaluar la obesidad general en nifios y nifias (AUC, IC 95 %: 0,905-0,928) mejor que WHR, que mostro valores de
Obesidad abdominal. AUC mas bajos (IC 95 %: 0,697-0,734) para predecir la obesidad IOTF. El valor de corte de WHR, de 0,5, tuvo una sensibilidad del 74 % y una
/’\*Ad(g?SCE”tGS- especificidad del 92 % para ambos sexos y para todos los grupos de edad.
ediciones
antropométricas. Conclusiones: las curvas de percentiles de referencia obtenidas pueden usarse temporalmente para la deteccion temprana de la obesidad
Método LMS. Andlisis abdominal entre los adolescentes macedonios de 11 a 18 afios; una WHtR de 0,5 también puede utilizarse como un umbral de obesidad en
ROC. estos grupos de edad.
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INTRODUCTION

Obesity in children and adolescents is reaching an epidemic
level worldwide (1). It is considered the most widespread disease
in children in many countries, especially in developed countries
(2). Macedonia is no exception to this trend, and the current prev-
alence figures are similar to those obtained in most countries of
western and northern Europe (3). The body mass index (BMI = kg/
m?) is a widely used measure for overweight and obesity assess-
ment in children, although BMI does not provide information on
fat distribution. A central fat distribution is associated with an
increased risk of cardiovascular and metabolic diseases in adults
and children (4,5), and a large waist circumference (WC) in adults
is associated with increased mortality regardless of BMI (6). Some
authors (7) have found that the health risk in adults with over-
weight and obesity, as defined by BMI, was comparable with that
of a normal-weight person given the same waist circumference.
In children and adolescents, WC correlates with truncal adiposity
as measured by dual-energy X-ray absorptiometry (8), as well as
by MRI (9) and CT imaging (10).

Different approaches to define the cut-off values for WC are
used in the literature, including the cut-off values based on the
International Obesity Task Force (I0TF) definitions of overweight
and obesity (11), extrapolations from adult cut-offs (12), and spe-
cific percentiles (13). The waist-to-height ratio (WHtR) has also
been proposed as a useful clinical parameter for the assessment
of overweight in children (14). It is assumed that a WHIR over 0.5
correlates with increased metabolic risk in children and adoles-
cents (15). A certain number of studies so far suggest that this
cut-off can also be used in pre-school children (16), although
some authors disagree (17) and indicate the need for age-related
reference charts. In addition, it is likely that ethnicity and envi-
ronmental differences affect body proportions, which suggests
the need to define national reference standards for control of
variations among populations.

The goal of this research was to define WC, WHR and WHtR
smoothed reference percentiles for the assessment of abdominal
obesity among Macedonian adolescents aged 11 to 18 years,
and to compare them with world curves generated for other ado-
lescent populations, as well as to investigate possible WHR and
WHIR cut-offs for detecting general obesity as defined by the IOTF.

METHODS

PARTICIPANTS

The sample included 2,490 adolescents from four (Polog, Sko-
pje, Southeastern, and Southwestern) regions of North Macedonia,
aged between 11 to 18 years. The sample was divided into two
sub-samples by gender: 1,288 respondents were boys and 1,202
respondents were girls. The average age of the respondents was
14.4 (+ 2.27).

Participants from selected schools and classes were informed
about the objective of the study, and their parents signed the
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informed consent form for participation in the research. All ado-
lescents were healthy at the time of this study. To avoid errors in
the selection of the sample volunteer students were not included.

The sample included all students whose parents had provided
their consent to participate in the research, who were psycholog-
ically and physically healthy, and who regularly attended physical
fitness and health education lectures.

The respondents were treated following the Helsinki Declara-
tion of 1961 (Edinburgh revision, 2013). The measurements were
carried out in March, April and May 2017 under standard school
conditions at regular physical and health education classes. Mea-
surements were carried out by experts in the field of kinesiology
and medicine, who were previously trained to measure specific
anthropometric parameters.

ANTHROPOMETRIC MEASUREMENTS

For evaluation ten anthropometric variables were selected and
measured according to the International Biological Program (IBP):
body weight (BW), height (Ht), waist circumference (WC), and hip
circumference (HC), with adolescents being barefoot and in mini-
mal clothing. The following standard anthropometric instruments
were used: for measuring body height an Martin anthropometer
with 1-mm reading accuracy was used; a decimal weight scale;
and an inextensible anthropometric tape, also with 1 mm reading
accuracy, for measuring circumferences. Anthropometric mea-
surements were made during school hours, not interrupting the
lessons. Subjects were standing, facing ahead, and body height
was measured as the maximum distance from the floor to the
highest point on the head. Shoes were off, both feet together,
and arms hanging at the sides. The heels, buttocks, and upper
back were in contact with the wall. Body height measurement
can vary throughout the day, usually being higher in the morning,
S0 to ensure reliability we measured height at the same time of
day. Waist and hip circumferences were measured twice using
inextensible anthropometric 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 the rib cage and the upper border of the 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.
BMI was calculated as a weight-to-height ratio squared (kg/m?),
WHR was calculated as a waist-to-hip ratio, and WHIR as a waist
circumference-to-height ratio.

STATISTICAL ANALYSIS

The arithmetic mean and standard deviation were calculated for
the variables BW, Ht, BMI, WC, HC, WHR and WHtR. The normality
of variable distribution was tested with the Kolmogorov-Smirnov
test. The differences between mean values for anthropometric
measurements for each age group and gender were tested using
an independent t-test.
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The relationship between BW, Ht, WC, HC, WHR, WHtR and
overweightobesity, as defined by the I0TF, was investigated with
a ROC analysis. The discriminating power of BW, Ht, WC, HC,
WHR, and WHR was expressed as an area under the curve (AUC).
Smoothed age- and gender-specific tables and graph percentiles
were constructed for BMI, WC, WHR and WHtR using the LMS
method. It estimates measurement centiles in terms of three
age-sex-specific cubic spline curves: the L curve (Box-Cox power
to remove skewness), M curve (median), and S curve (coefficient
of variation). For the construction of the percentile curves, data
were imported into the LMS Chart Maker software (v. 2.3; by Tim
Cole and Huigi Pan), and the L, M and S curves were estimated.
Except for the LMS method calculations, we used the SPSSv. 22.0
software for Windows (SPSS, Chicago, lllinois, USA).

RESULTS

The research was conducted on a sample of 2,490 adolescents
aged 11 to 18 years. The average age of the sample (= SD) was
14.4 (x 2.27) years. The male to female ratio was 1.08, with
51.8 % boys and 48.2 % girls. The descriptive statistical param-
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eters for the BW, Ht, BMI, WC, HC, WHR and WHtR variables, in
terms of gender and age, are presented in table I.

Table | shows the mean values of body weight (BW), height (Ht),
body mass index (BMI), waist circumference (WC), hip circum-
ference (HC), waist-to-hip ratio (WHR), and waist-to-height ratio
(WHtR) according to age and sex. Weight (BW) was significantly
higher in males than in females at ages 11,13, 14, 15,16, 17 and
18 years. Also, height (Ht) was significantly higher in males than in
females at ages 13 to 18 years. Body mass index (BMI) was sig-
nificantly higher in males than in females at ages 11, 15, 16 and
18 years. Waist circumference (WC) was significantly higher in
males than in females at ages 11,12,13 14,16, 17 and 18 years.
Hip circumference (HC) was significantly higher in males than in
females at ages 15 and 18 years; from the age of 13 years the hip
circumference was significantly higher in females than in males.
The waist-to-hip ratio (WHR) was significantly higher in males
than in females at ages 11 to 18 years. The waist-to-height ratio
(WHtR) was significantly higher in males than in females at ages
11,12,1314,15 16 and 18 years. BMI, WC, and HC showed an
increasing trend with age. WHR and WHIR showed discontinuous
values in terms of age in both boys and girls. The following table
displays the smoothed gender and age-specific percentile values

Table I. Mean values (xsd) 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 Macedonian adolescents aged 11-18 years

Age (y) | Number| BW (kg) | Ht(cm) | BMi(kg/m?) | WC(em) | HC(em) | WHR | WHR
Boys
11 167 | 442+11.12 | 1512270 | 192+36° | 69.2+97° | 824+87 | 084+005 | 046+ 0.06°
12 160 | 51.8=x144 | 158394 | 20442 | 720+11.0° | 87.5+107 | 0.82+0.06° | 0.45+ 0.06°
13 150 | 546+135" | 164.3+9.8 | 200+36 | 71.3+95 | 88187 | 0.81+006 | 0.43=0.05
14 169 | 62.0=x144° | 160.9+76° | 21.3+41 | 754+114° | 924+97 | 081+007 | 044+ 0.06°
15 164 | 67.7+136° | 1737268 | 224+43 | 781+11.3 | 940+95 | 0.83+0.06 | 045 0.06°
16 161 | 691118 | 175356 | 225+39 | 77.6+91° | 928+83 | 0.84+0.06 | 044006
17 170 | 718135 | 177.9+65 | 226+39 | 795+11.0° | 949+80 | 084+0.07 | 0452006
18 147 | 754 =115 | 179167 | 234+32 | 80085 | 97668 | 0.81+009 | 045005
Total 1288 | 61.9+165 | 1686+120| 192+36 | 754=109 | 911100 | 0.82=006 | 0.45=0.06
Girls
11 158 | 426+107 | 151.7+68 | 183+35 644+85 | 835+93 | 077+005 | 042+005
12 151 486+88 | 157.4+7.0 | 19633 67.3+72 | 884=76 | 076005 | 0.43=005
13 156 517+92 | 160.8+6.3 | 19.9+3.0 67.8+80 | 90777 | 075+006 | 0.42=005
14 156 561+93 | 1633+6.2 | 21.0+3.1 60.9+77 | 94371 | 074+005 | 0.43+005
15 148 561+91 | 163.0+54 | 21.1+33 707+78 | 934=75 | 075+008 | 0.43=005
16 150 562+82 | 1633+6.0 | 21127 701+76 | 933+65 | 075+006 | 0.43=005
17 141 587+93 | 1635+53 | 21.9+32 720+86 | 945+72 | 076007 | 044=005
18 142 574+78 | 1648+57 | 212+27 60.4+60 | 944=59 | 074+004 | 0.42=004
Total 1202 | 533104 | 160974 | 205+33 68.9+80 | 915+83 | 075+006 | 043=005

Significant gender differences: # p-value < 0.05; ® p-value < 0.01; ¢ p-value < 0.0001.
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Figure 1.

Receiver operating characteristic (ROC) curve for the prediction of general obesity
based on body weight (BW), height (Ht), waist circumference (WC), hip circum-
ference (HC), waist-to-hip ratio (WHR), and waist-to-height ratio (WHtR) in both
genders.

at the 3, 10" 250 50 75" 90" and 97" percentiles, which
were developed and smoothed by the LMS method.

The ROC analysis shows that the WHIR variable has greater
discriminatory power for predicting IOTF obesity when compared
to the WC and WHR variables (Fig. 1 and Table II).

For obesity, the WHtR cut-off > 0.46 had a sensitivity of 82.7
and a specificity of 87.3 for both genders (AUC, 0.898 =+ 0.012 for
girls, 0.929 + 0.009 for boys) and all age groups together (AUC
0.917 + 0.007). The cut-off for WHR > 0.77 in girls had a sen-
sitivity of 54.1 and a specificity of 76,1 % (AUC, 0.681 + 0.021)
whereas the WHR > 0.82 cut-off in boys had a sensitivity of 71.0
and a specificity of 63.5 (AUC, 0.732 = 0.016). The cut-off for
WC > 72.0in girls had a sensitivity of 75.4 and a specificity of 83.3
(AUC, 0.867 = 0.014) whereas the WC > 77.5 cut-off in boys had

a sensitivity of 82.5 and a specificity of 82.8 (AUC, 0.906 + 0.009).
The WHIR variable is a better predictor of general obesity than the
BW, Ht, WC, HC, and WHR variables both in boys and girls.

COMPARISONS

To determine ethnic differences in abdominal obesity in ado-
lescents, the reference curves obtained for the WC variable in this
survey were compared to the curves obtained on the same variables
from surveys that were carried out in other countries. Due to the
different methodologies used in the publication of the national ref-
erence values for adolescents, attention is required when comparing
the data on WC percentile values obtained from the various stud-
ies available. Therefore, the comparison was limited to the studies
where the LMS method was used. To use contemporary data, only
surveys conducted from year 2000 onwards were included. The
results of the WC measurements of Macedonian adolescents were
compared with those of countries in different geographic regions
and with different ethnicities, such as Greece, Norway, Turkey,
Poland, South India, Germany, and Kuwait (11,19-25). The percen-
tile curves for these countries referred to data derived from trans-
versal research. For adolescents aged 11 to 18 years, the average
BMI is within the range from 20.4 to 24.2 for boys, and from 20.3
to 23.9 for girls (11,23,25). The respondents in this study had a
mean BMI value of 21.45 for boys and 20.55 for girls (Table IlI).

The WC data are of particular interest at the 50" percentile
(WC50) because they reflect the majority as the midpoint, and at
the 90™ percentile (WC9Q), as this reflects the pathological point
of abdominal obesity. The comparison of WC50 (mean) and WC90
(abdominal obesity cut-off) for Macedonian adolescents with the
percentiles of their counterparts, developed over the past 17 years
in seven countries, is presented in table Il.

Our findings suggest that higher values have been observed in
Kuwaiti male adolescents, while Turkish, Indian, Polish, Norwegian,
Australian and Chinese adolescents have lower values for the
WC variable as compared to Macedonian adolescents in all age
categories. Macedonian male adolescents had higher values for
the WC variable when compared to Greek adolescents in all age
categories, except at ages 12 and 13, where male Macedonian
adolescents have lower values.

Table Il. Area under the ROC curves (95 % CI) of anthropometric indices
to predict general obesity

Variables (Boys) (Girls) (All)
BW 0.835(0.809 - 0.861)" 0.852 (0.822 - 0.881)" 0.837 (0.818 - 0.855)"
Ht 0.541 (0.507 - 0.575) 0.441 (0.398 - 0.483) 0.546 (0.519 - 0.573)
WC 0.906 (0.887 - 0.924) 0.866 (0.839 - 0.893) 0.887 (0.871 - 0.902)
HC 0.878 (0.858 - 0.899)" 0.836 (0.806 - 0.866)" 0.856 (0.838 - 0.874)"
WHR 0.732 (0.701 - 0.764)* 0.681 (0.640 - 0.723)* 0.717 (0.692 - 0.742)*
WHR 0.929 (0.912 -0.946)* 0.898 (0.875 - 0.921)* 0.917 (0.904- 0.931)*

Data are AUC (95 % confidence interval). “p-value < 0.001. AUC: area under the receiver operating characteristic curve.

[Nutr Hosp 2020;37(4):786-793]
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Table lll. 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 Macedonian adolescents aged 11-18 years

oD Percentiles

3rd | 10t | o5th | 50t | 75t | oot | g7th

Boys
11 13.68 14.98 16.53 18.61 2117 24.04 27.58
12 14.49 15.75 17.26 19.32 21.93 2497 28.92
13 14.99 16.20 17.67 19.70 22.32 25.43 29.63
14 15.86 17.04 18.48 20.48 23.11 26.31 30.79
B 15 16.93 18.10 19.52 21.49 24.07 27.21 31.62
16 17.27 18.44 19.85 21.79 24.29 27.31 31.44
17 17.54 18.71 20.11 22.02 24.47 27.35 31.20
18 18.41 19.60 21.01 22.87 25.15 27.70 30.88
11 55.12 58.41 62.28 67.40 73.70 80.78 89.68
12 56.70 59.93 63.74 68.81 75.10 82.26 91.40
13 58.20 61.36 65.10 70.10 76.35 83.53 92.83
We 14 60.79 63.92 67.64 72.64 78.90 86.15 95.66
15 63.23 66.39 70.13 75.09 81.26 88.31 97.39
16 64.29 67.47 71.21 76.13 82.16 88.92 97.42
17 65.06 68.27 72.00 76.88 82.79 89.31 97.34
18 66.68 69.94 73.68 78.48 84.15 90.23 97.46
11 0.74 0.77 0.80 0.83 0.87 0.91 0.95
12 0.72 0.75 0.78 0.81 0.85 0.89 0.94
13 0.72 0.74 0.77 0.81 0.85 0.89 0.94
WHR 14 0.72 0.74 0.77 0.81 0.85 0.89 0.94
15 0.73 0.75 0.79 0.82 0.87 0.91 0.96
16 0.73 0.76 0.79 0.83 0.87 0.92 0.96
17 0.72 0.76 0.79 0.83 0.87 0.92 0.96
18 0.71 0.74 0.78 0.82 0.86 0.90 0.94
11 0.74 0.77 0.80 0.83 0.87 0.91 0.95
12 0.37 0.39 0.42 0.45 0.49 0.53 0.58
13 0.37 0.39 0.41 0.44 0.48 0.53 0.59
WHER 14 0.36 0.38 0.40 0.43 0.47 0.51 0.58
15 0.37 0.38 0.40 0.43 0.47 0.51 0.58
16 0.37 0.39 0.41 0.43 0.47 0.52 0.58
17 0.37 0.39 0.41 0.43 0.47 0.52 0.58
18 0.37 0.39 0.41 0.43 0.47 0.51 0.58

Girls
11 13.53 14.68 16.06 17.92 20.23 22.87 26.21
12 14.44 15.66 17.10 18.99 21.26 23.75 26.75
13 15.23 16.49 17.94 19.81 22.03 24.40 2718
14 15.96 17.21 18.65 20.50 22.67 24.97 27.64
oM 15 16.39 17.60 19.00 20.80 22.90 25.13 27.72
16 16.71 17.89 19.25 20.99 23.03 25.20 27.74
17 17.06 18.19 19.50 21.18 23.18 25.32 27.86
18 17.12 18.17 19.38 20.97 22.88 24.95 27.46

(Continuation in the next page)
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Table Ill (Cont.). 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 Macedonian adolescents aged 11-18 years

91

oD Percentiles

3rd | 10t | o5th | 50t | 75t | oot | g7th
Girls

1 52.21 55.09 58.41 62.71 67.84 73.40 80.06
12 55.41 58.44 61.87 66.19 71.16 76.32 82.21
13 56.44 59.31 62.56 66.68 71.47 76.50 82.32
We 14 58.97 61.61 64.65 68.57 73.22 78.25 84.27
15 60.14 62.62 65.49 69.21 73.68 78.59 84.59
16 60.25 62.70 65.54 69.23 73.66 78.53 84.50
17 60.31 62.74 65.56 69.22 73.63 78.48 84.43
18 60.48 62.76 65.40 68.85 73.00 77.60 83.29
1 0.69 0.71 0.74 0.77 0.80 0.84 0.88
12 0.67 0.70 0.72 0.75 0.79 0.83 0.88
13 0.66 0.69 0.71 0.74 0.78 0.82 0.87
WHR 14 0.66 0.68 0.71 0.74 0.78 0.82 0.88
15 0.66 0.69 0.71 0.74 0.78 0.83 0.89
16 0.66 0.69 0.71 0.75 0.78 0.83 0.89
17 0.66 0.68 0.71 0.74 0.78 0.83 0.89
18 0.65 0.68 0.70 0.74 0.77 0.81 0.87
1 0.34 0.36 0.39 0.42 0.45 0.49 0.54
12 0.35 0.37 0.39 0.42 0.45 0.49 0.54
13 0.35 0.37 0.39 0.42 0.45 0.49 0.55
WHER 14 0.36 0.38 0.40 0.42 0.45 0.49 0.55
15 0.36 0.38 0.40 0.42 0.46 0.50 0.56
16 0.36 0.38 0.40 0.42 0.46 0.50 0.56
17 0.37 0.38 0.40 0.42 0.45 0.49 0.55
18 0.36 0.38 0.40 0.42 0.45 0.48 0.54

Higher values of the WG variable have been found in Macedo-
nian female adolescents when compared to Norwegian, Austra-
lian, Turkish and Chinese adolescents; however, these values were
lower than the ones of Kuwaiti and Indian adolescents. Greek and
Polish female adolescents have lower values of the WC variable
as compared to Macedonian adolescents in all age categories,
except at ages 12 and 13, where Greek female adolescents have
higher values, and Polish adolescents have higher values at 13
and 18 years of age.

Inter-country comparisons were also performed for adoles-
cents’ WC50 and WC90 at the mean age of 14 years as shown
in table IV.

The results in the table show that at the 50" WC percentile val-
ue, Macedonian male adolescents show higher values when com-
pared to Greek, Australian, Polish, Indian, Turkish, Norwegian, and
Chinese adolescents, and lower values when compared to Kuwaiti
adolescents. At the 90" WC percentile value, Macedonian male

[Nutr Hosp 2020;37(4):786-793]

Table IV. Comparison of WC,,
(median) and WC, (cut-off) for waist

circumference (in cm) among 14-year-old
boys and girls from different countries

Boys Girls

WC,, wC,, WC,, wcC,,
Greece 72.10 85.00 67.6 78.7
South India 69.40 83.40 70.2 82.5
Norway 63.90 77.80 61.4 73.3
Australia 69.40 79.90 66.8 77.0
Kuwait 74.90 98.50 74.9 98.5
Turkey 68.90 79.50 64.7 73.3
China 64.30 76.80 61.1 70.6
Poland 69.10 81.00 66.2 77.9
Macedonia 72.64 86.15 68.57 78.25
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adolescents show higher values when compared to Australian,
Polish, Indian, Turkish, Norwegian, and Chinese adolescents, and
lower values when compared to Greek and Kuwaiti adolescents.
At the 50" WC percentile value, Macedonian female adolescents
show higher values when compared to Greek, Australian, Polish,
Turkish, Norwegian, and Chinese adolescents, and lower values
when compared to Indian and Kuwaiti adolescents. At the 90" WC
percentile value, Macedonian female adolescents show higher
values when compared to Australian, Polish, Turkish, Norwegian,
and Chinese adolescents, and lower values when compared to
Greek, Indian and Kuwaiti adolescents.

DISCUSSION

This study presents the initial gender- and age-percentile val-
ues for the WC, WHR and WHtR variables among Macedonian
adolescents from 11 to 18 years of age. The data on the percentile
values are calculated on a representative sample of 2,490 Mace-
donian adolescents. This is the first attempt to make smoothed
percentile curves for the above-mentioned variables, and to sug-
gest Macedonian cut-offs for defining abdominal obesity in this
population group.

The obtained results of the research are consistent with those
of previous studies performed on adolescents (11,19,21-28).
Namely, WC shows an increasing trend with age in both girls and
boys. This is expected, given the fact that puberty is a critical peri-
od for the development and distribution of body fat (29). In girls,
WC is decreasing at the upper end of the age range. Boys have
higher WC, WHR and WHIR values than girls in all age categories.
This is probably due to the gender-specific influence on waist
circumference, and it can be explained by the fact that central
fat distribution dominates in boys more than in girls. In boys, fatty
tissue is distributed mainly in the upper parts of the body (nape of
neck, shoulders, epigastrium), while in girls it usually accumulates
in the lower part of the body (13).

The obtained data on the WC percentile values could be of par-
ticular interest since the measurement of WC is the most widely
accepted and simplest non-invasive clinical method for assessing
central obesity in puberty. For adults, there is a cut-off for pre-
dicting the risk of metabolic syndrome. However, in adolescents
it is necessary to calculate separate cut-off reference standards
for WC in terms of age and gender, due to the natural increase
in this anthropometric measure during puberty. Usually, the 90
percentile for WC (30-32) is proposed as a cut-off percentile
wherein and beyond which the risk of metabolic syndrome in
adolescence significantly increases. Since the cut-off values of
WC differ depending on ethnicity, and due to the lack of such data
for Macedonian adolescents, one of the goals of the research was
to determine the 90" percentile for WC in an attempt to define
specific reference standards for this age group of the popula-
tion. Provided that a specific WC cut-off exists, measuring this
anthropometric indicator will be a useful tool for screening car-
diovascular and metabolic risk in adolescents, which will be used
in primary health care in Macedonia.

D. Bojanic et al.

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
(33). On the basis of the obtained results, one can conclude that
13.3 % of Macedonian adolescents have increased abdominal
obesity (according to the 90" percentile). In terms of percentage,
adolescents reach a peak at age 17 (then, on average, about
18.6 % of adolescents have increased abdominal obesity), and
this trend decreases by the age of 18 (then, on average, about
9.3 % of adolescents have increased abdominal obesity). The
age group of 17 years seems to be exposed to an increased risk
of abdominal obesity. The percentage of abdominal obesity was
higher among boys (14.1 %) than among girls (12.5 %).

International comparisons have shown that Macedonian ado-
lescents have high levels of abdominal obesity in early and middle
adolescence, and this does not seem to change by the age of 18
years. Unhealthy/poor eating habits, insufficient physical activi-
ty and a sedentary lifestyle are associated with obesity among
Macedonian adolescents (34,35). The relative decline in abdom-
inal obesity by the age of 18 in girls can be explained by the
personal (identity research) and social motivation (peer pressure,
sexual experimentation) that arises during the transition to middle
adolescence, since body mass seems to affect dissatisfaction with
the body shape and a reduction of self-esteem in girls (36). The
differences seen in the percentile curves obtained in different
countries confirm the evidence of ethnic differences in abdominal
obesity and the need to provide population-specific WC reference
curves for adolescents.

WHR and WHtR show variations with age in both genders.
The cut-offs of WHR > 0.89 correspond to the 97" percentile
in boys, while the cut-offs for WHR > 0.89 correspond to the
931-99 percentile in girls, regarding age. The cut-offs for WHR
that are used in adults are inappropriate for the assessment of
general obesity in adolescents due to a low sensitivity that has
been proven with a ROC analysis. Studies so far have shown
that a cut-off of WH at > 0.5 is a useful indicator for estimating
central obesity in representative samples of British, Norwegian,
and German adolescents (15,22,25). This finding has been con-
firmed in our research as well. In the research it was found that
this cut-off corresponds to the 85"-90™ WThR percentile for all
age groups in both boys and girls. Besides, the receiver operating
curves (ROC) demonstrated that WHtR is a better indicator for
estimating general obesity in both boys and girls (AUC, 95 % ClI:
0.905-0.928) than WHR, which showed lower values (AUC, 95 %
Cl: 0.697-0.734) and WC (AUC, 95 % Cl: 0.873-0.899) in the
prediction of IOTF obesity.

The advantage of this study is that this is one of the first
researches conducted on Macedonian adolescents. Anthropo-
metric measures were collected by appropriately trained health
workers who used the same anatomical points of measurement.
The limitations of the study include lack of information regarding
the impact of sexual maturation status on anthropometric indices,
as well as the cross-sectional design of the study. Although the
reference curves are obtained from contemporary data that are
most probably representative of the current situation in Mace-
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donia, the validity of the obtained percentile curves should be
confirmed in future research using a longitudinal approach.

Based on the obtained results, a conclusion can be drawn

that this is the first comprehensive study that determines the
specific age- and gender-specific WC, WHR and WHIR percentile
values among Macedonian adolescents aged 11 to 18 years. We
propose that the obtained percentile values be temporarily used
in clinical practice for the early detection of abdominal obesity
among Macedonian adolescents. WHtR can be used as an addi-
tional or alternative tool for the diagnosis of general obesity in
this age group.
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