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SUMMARY: The aim of this research was to determine the level of adiposity and obesity among Macedonian adolescents and
to compare the results with previous studies conducted in this population, as well as those conducted in other popukdiopse The
included 2390 adolescents from four urban different regions of R. Macedonia aged between 11 to 18 years; 1238 males and 1152
females. Weight, height, waist, and hip circumference (WC, HC) as well as triceps, calf, subscapular, and suprailiahiskimdekl t
(SFT) were measured. Body mass index (BMI), waist-to-hip ratio (WHR), waist-to-height ratio (WHtR), subscapular/tricepgs skinfol
ratio (STR), and percentage body fat were computed. The prevalence of overweight and obesity defined by the IOTF chitdren growt
reference were calculated and age-dependent and gender-specific smoothed percentile curves for BMI and ROC curves were generate
The boys have statistically significantly higher values of WC, WHR and WHtR in all adult categories (except WHtR at 18)years ol
greater body weight at the age of 12 to 18, and body weight 13 to 18 years (p<0.001). Weight, height and BMI are indnesaggrig wit
both, boys and girls, and decreases in girls. The level of adiposity of Macedonian adolescents has increased over gapast20 y
has reached the level of developed countries that face an obesity epidemic.

KEY WORDS: Macedonian adolescents; Skinfold thickness; Waist circumference; Waist-to-height ratio; Waist-to-hip ratio.

INTRODUCTION

The increased adiposity in children and adolesceniarious tools and indicators. These indicators can be used to
becomes a global health problem both in development agddscribe several types of obesity, but they also have different
the developing countries (lat al, 2006; Senbanjet al, limitations on the sensitivity and reliability of the data
2013). In 2010, around 43 million children worldwide wer@btained. Therefore, care must be taken in selecting adequate
considered obese - 35 million in developing countries (deols to be used and measure the obesity of the population
Oniset al, 2010). The global prevalence of overweight antével. The most commonly used tool is the Body Mass Index
obesity in children has increased from 4.2 % 1990 to 6.7 BMI) used by the World Health Organization as a standard
in 2010 and is expected to reach 9.1 % until 2020 (de Orfigg recording obesity and constructing growth curves in
etal, 2010). If obesity occurs, especially in adolescence,dhildren and adolescents (de Ogiisl, 2007). Despite the
remains in adulthood, which affects the overall health of theany advantages of this index, the BMI has some limitations.
individual by increasing the risk of developing diabetet does not take into account many factors such as the
mellitus, hypertension, coronary artery disease and metabqliercentage of muscle tissue (Moregtoal., 2003), bone
syndrome (Leet al, 2012). Furthermore, the increased levedensity, different proportions of fat, bone tissue water in the
of adiposity is associated with depression suggests thgidy. Also, a very anthropometric measure for assessing
psychological morbidity is also an important consequene@ntral obesity in children and adolescents is the waist
(Murabitoet al, 2013). Therefore, it is necessary to monieircumference (WC). Conversely, the waist to hip ratio
tor the body parameters in children and adolescents in or¢@/HR) is not an accurate indicator of abdominal obesity in
to prevent the accumulation of excess body fat and ¥®uth because of the weak correlation with central adiposity
associated morbidities. Body fat can be measured throu@ayloret al, 2000). Skin folds measurements (SFT) can be
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used as specific indexes for estimating obesity due to théinthropometry measurement. For evaluation
high sensitivity. Because of the latter, it is recommended &mthropometric variables were selected and measured
monitor obesity in children and adolescents (Huglied, according to the International Biological Program (IBP):
1997) and to allow an indirect assessment of total body fabdy height, body weight, four skinfolds (triceps,
that can be used as a screening tool. According to N@egfensubscapular, supraspinale and calf), and two
al. (2007), the best indicator of obesity in body is subcapulaircumferences (waist and hip). BMI was calculated as a
SFT, and in girls biceps SFT. In this study, the two measunegtio of body weight and height to square (k§/fVHR
were better predictors than the sum of the four SFTs. Was calculated as a ratio of the circumference of the waist
addition, obesity can be effectively evaluated by using ttend hips and WHIR to the ratio of the circumference of
ratio of subscapular and triceps — SFT (Morenal,, 2007). the waist and height %BF was calculated using the
Therefore, obesity in adulthood is better predicted bgquations of Slaughtet al (1988) - from the triceps and
adolescent skinfold thickness than by adolescent BMI. It @ibscapular sites (SL1); and triceps and calf sites (SL2).
therefore important to check how other indexes such @&e following standard anthropometric instruments were
skinfold thickness, might be applied to the Macedoniansed: for measuring body height. Anthropometer by
population. Martin, with 1 mm reading accuracy; decimal weight scale;
“John Bull” caliper square for determination of skin-folds
The purpose of this study was to predict the level afith pressure of 10 g/chand precision of 0.1 mm; elastic
adiposity and obesity in Macedonian adolescents. Tiand, also with 1 mm reading accuracy, for measuring
collected data can be used to document and describe ¢ireumferences; and caliper square for measuring of
changes in obesity in children and adolescents in Macedbiameters with reading precision of 1 mm and weight scale
nia. Monitoring the anthropometric changes at the populatiéor measuring body weight. Anthropometric measurements
level can be crucial in prevention of negative health outcome®re made during school hours, not interrupting the
related to adiposity. The regular anthropometric estimatksssons. Subjects were standing, facing ahead, and body
of the population can provide the key information that wilheight was measured as maximum distance from the floor
allow health institutions to determine the points at whicto the highest point on the head. Shoes were off, both feet
they should begin mounting interventions. together, and arms at the sides. Heels, buttocks and upper
back were in contact with the wall. Body height
measurement can vary throughout the day, usually being
MATERIAL AND METHOD higher in the morning, so to ensure reliability we measured
height at the same time of the day.

Participants. The sample included 2390 adolescents frorBtatistical analysis.Data was presented as the mean and
four urban different regions of R. Macedonia aged betweastandard deviation (SD). Sex differences in anthropometric
11 to 18 years; 1238 males and 1152 females. Participaotaracteristics were analyzed by one-way analysis of
from selected schools and classes were informed about ttegiance (ANOVA). Correlation coefficients were
objective of the study and their parents signed the informedlculated to measure statistical dependence between
consent for participation in the research. All adolescents waaathropometric indices and age. The relation between
healthy at the time of this study. In order to avoid errors MWHtR, four skinfolds (triceps, subscapular, supraspinale
the selection of the sample, volunteer students were raoid calf), sum of four skinfolds, body fat % and
included. overweightobesity as defined by the IOTF was
investigated with ROC analysis. The discriminating power

In the sample entered all students for whom theas expressed as area under the curve (AUC). Smoothed
parents gave their consent to participate in the project aage-and sex-specific table and graph percentiles were
were psycho-physically healthy and regularly attendezbnstructed for BMI by the LMS method. This estimates
classes for physical and health education. The respondethis measurement centiles in terms of three age-sex-specific
were treated in accordance with the Helsinki Declarationcubic spline curves: the L curve (Box-Cox power to remove

skewness), M curve (median) and S curve (coefficient of

The measurement was realized in March, April andariation). For the construction of the percentile curves,
May 2016, in standard school conditions at regular class#eta were imported into the Lms Chart Maker software (v.
in physical and health education. Measurement was3; by Tim Cole and Huigi Pan) and the L, M and S curves
realized by experts in the field of kinesiology and medicestimated. Except for the LMS method calculations, we
ne, who were trained for measuring certain anthropometrised SPSS v. 22.0 software for Windows (SPSS, Chicago,
measures. Illinois, USA).
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RESULTS

The research was realized on a sample of 23&FT as well as the percentage of fat tissue (BF%) decreases
adolescents at the age of 11 to 18 years. The averagewagb age for boys. On the other hand, the values of
of the sample#sd) was 14,4#2,27) years. Descriptive Subscapular, Supraspinale SFT, sum of 4 skinfolds and
statistical parameters for varaiables BW, Ht, BMI, WC%BF increases with age in girls. Girls have statistically
HC, WHR and WHtR, in terms of sex and age, are shovaignificantly higher values of triceps, calf SFT and sum of
in Table I. The weight, height and BMI increase with agé skinfolds at the age of 13 to 18 years and higher values
for boys (respectively: r=.740; r=.604; r=.331. All p<0.00bf subscapular supraspinale SFT at the age of 13 to 17
and for girls (respectively: r=.468; r=.435; r=.286. Allyears. Also, girls have higher values of %BF in all age
p<0.001). WHR remains constant for boys with age, arwhtegories.
decreases for girls (r=.111, p<0.001). WHtR NS remain
constant with age for boys and girls. Boys have statistically In Table 11l and Figure 1 the smoothed sex and age-
significantly higher values of WC, WHR, WHIR in all agespecific percentile values are shown at tlig1®", 25"
categories (except WHtR at 18 years old), a greater bod§", 75", 75", 85" and 95 percentiles, which were
weight at the age of 12 to 18 years and a body height of d8veloped and smoothed by the LMS method. According
to 18 years (p<0.001). Also, boys have statisticallio the IOTF study BMI cut-off norms there were 362 (28.3
significant BMI values at the age of 15, 16 and 18 yea#) males and 207 (17.9 %) females considered overweight
(p<0.01). (including obesity), which represents 23.8 % of all

participants. Obese status was determined in 89 (7.2 %)

Skinfolds measurements values and BF% af@ys and 28 (2.4 %) girls. These values are presented in
presented in Table Il. Values of triceps, subscapular, célfe Table IV.

Table I. Mean valuestED) of body measurements in male and female Macedonian adolescents aged 11-18.

%f Number  BW (kg) Ht (cm) BMI (kg/m?)  WC (cm) HC (cm) WHR WHR
Boys

1 167 4402 11.19 15113 731 1908 365 6901 968 8232 871 084 005 046 0.06
12 150 5162 1443 15823 983 2034 4.14 7179 1097 8728 1069 082 006 045 006
13 140 5469 1372 16446 1035 2000 355 7126 938 8816 875 081 006 043 005
14 159 6220 1469 17002 811 2134 411 7545 1137 9255 976 081 007 044 006
15 164 6766 1363 17363 7.4 2241 424 7804 1122 9401 953 083 006 045 0.06
16 161 6926 1181 17552 631 2250 391 7794 935 9296 839 084 006 044 0.06
17 160 7174 1372 17789 708 2262 387 7949 1100 9490 810 084 007 045 006
18 137 7512 1156 17924 704 2335 314 7993 850 9754 674 081 009 045 005

Total 1238 6204 1309 168.76 7.89 2145 383 7536 10.18 9122 883 082 006 045 0.06
Girls

11 148 4270 1087 15158 7.09 1841 354 6423 855 8326 948 077 005 042 005
12 151 4872 967 15724 750 19.64 338 6741 750 8845 783 076 005 043 0.05
13 146 5169 9.19 16078 654 1994 304 6780 791 9075 761 075 006 042 0.05
14 146 56.13 924 163.14 654 2107 308 6994 7.63 9438 706 074 005 043 0.05
15 148 5621 921 16308 596 21.12 323 7069 7.75 9346 745 075 008 043 0.05
16 150 5629 821 16333 634 2109 271 7015 7.61 9328 650 0.75 006 043 0.05
17 131 58.66 932 16345 553 2193 316 7198 8.60 9451 720 076 007 044 0.05
18 132 5752 784 16478 602 21.19 276 6948 603 9445 588 074 004 042 0.04

Total 1152 5349 9.19 16092 644 2055 311 6896 7.0 9157 738 075 006 043 0.05
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The ROC curves of measured and computed

indicators for predicting obesity on the basis of IOTF
study BMI cut-offs are shown in Figure 2 and Table

Anthropometry and body composition of adolescents in Macedonia.

obesity.

0.855-0.903) values were the best predictors of

For girls, the greatest discriminatory power is the
measure sum of 4 skinfolds (AUC: 0.907.010; 95

% Cl 0.887-0.927), followed by the WHtR (AUC:
0.898+0.012; 95 % CI 0.875-0.927) and then the

0.927-0.955), followed by the supraspinale SFT
(AUC: 0.936: 0.007; 95 % CI 0.922-0.955) and
supraspinale SFT (AUC: 0.8¥9.012; 95 % CI

discriminating power in predicting IOTF obesity
WHtR (AUC: 0.9220.009; 95 % CI 0.912-0.946).

V. ROC analysis show that the measure sum of 4
skinfolds for male respondents have the greatest
(area under the curve [AUC]: 0.9404007; 95 % CI
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Table Ill. Percentile values of body mass index (BMI) in male and female Macedonian adolescenis-agddrihe 85 and 9%

percentiles.
Age (yr)

L M S 50 10th 25t 50t 75t 85" 90 95"
Boys
11 -070 18.61 0.18 14.17 1498 16.53 18.61 21.17 2281 2404 26.09
12 -099 19.32 0.18 14.96 1575 17.26 1932 2193 23.64 2497 2722
13 -1.19 19.70 0.17 1544 16.20 17.67 19.70 2232 24.07 2543 27.81
14 -143 2048 0.16 16.30 17.04 18.48 2048 23.11 24.89 2631 28.82
15 -157 21.49 0.15 1737 18.10 19.52 21.49 24.07 25.82 2721 29.67
16 -155 21.79 0.15 17.71 18.44 19.85 21.79 24.29 25.98 2731 29.63
17 -150 22.02 0.14 17.98 18.71 20.11 2202 2447 26.09 27235 29.53
18 -128 2287 0.13 18.86 19.60 21.01 22.87 25.15 26.60 27.70 29.53
Girls
11 -1.10 17.83 0.17 13.93 14.63 15.98 17.83 20.19 21.76 2297 25.05
12 057 19.14 0.16 14.94 15.73 1721 19.14 2142 22.82 23.86 25.54
13 053 19.73 0.15 15.63 16.42 17.87 19.73 2191 2323 24.19 25.74
14 -069 20.56 0.14 16.59 17.35 18.76 20.56 22.69 23.98 2493 26.46
15 -080 20.81 0.14 16.94 17.68 19.05 20.81 22.89 24.17 25.11 26.63
16 088 202.95 0.13 17.16 17.88 1922 20.95 23.00 2426 25.19 26.70
17 097 21.06 0.13 17.35 18.06 19.37 21.06 23.07 2431 2523 26.73
18 -107 21.08 0.13 17.49 18.17 19.44 21.08 23.04 2426 25.16 26.63

Table IV. The prevalence of overweight and obesity in Macedonian
boys and girls aged 11-18

n Normal Overweight Obese

Boys 1238 876 273 89
70,8% 22,1% 72%

Girls 1152 945 179 28
82,0% 15,5% 2 A%

Total 2390 1821 452 117
76.2% 18,9% 4.9%

¢ =50.94; p<0.001

Table V. Cut-Points of anthropometric variables in Adolescents According to Sex.

Sensitivit Specificit
AUC (95% CI) Cut-point 5% CDy P Y

Male

Triceps 0,893 0,874 to 0,909 >168 66,85 92,92
Subscapular 0,928 0912to 0,941 >12,0 77,07 92,58
Supraspinale 0,936 0,921 to 0,949 >142 81,22 90,06
Calf 0,894 0,875t0 0,910 >158 65,19 93,84
Y. Skinfolds 0,941 0,926 to 0,953 >56 4 81,49 9281
Body Fatl % 0921 0,904 to 0,935 >24.5 70,99 93,38
Body Fat2 % 0,935 0,920 to 0,948 >20,3 79,28 93,72
WHtR 0,929 0,913 to 0,943 >0,50 78,67 92,12
wC 0,906 0,888 to 0,922 >810 69,25 93,38
Female

Triceps 0,866 0,845 to 0,885 >254 32,37 97,35
Subscapular 0,865 0,843 to 0,884 >178 51,21 94,39
Supraspinale 0,879 0,859 to 0,897 >20,2 49,28 95,13
Calf 0,858 0,836 to 0,877 >234 26,09 98,20
Y, Skinfolds 0,907 0,889 to 0,923 >82.4 4783 97,14
Body Fatl % 0,851 0,828 to 0,870 >337 38,65 97,88
Body Fat2 % 0,888 0,868 to 0,905 >282 54,11 95,45
WHtR 0,398 0,879 t0 0915 >0,5 64,25 92,69
wC 0,866 0,845 to 0,885 >81,0 2995 98,62
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Fig. 2. ROC curves (boys - A, girls - B) for predicting obesity according to the growth reference figure obtained forheagsittatio
(WHtR), percentage body fat (%BF), calf, triceps, subscapular, suprailiac skinfolds and their sum.

DISCUSSION

The aim of this study was to determine the level of Furthermore, the result of the research indicate that
adiposity and obesity among Macedonian adolescents us2igy1 % of boys and 15.5 % of girls have overweight
several anthropometric measures and to compare t@ecording to the BMI classification), which represents 18.9
obtained results with the results obtained from adolescefitsof the total number of adolescents. On the other hand 7.2
from different geographical regions and ethnic background¥ of boys and 2.4 % of girls are classified as obese
BMI cut-offs from the IOTF study were used to establiskBMI>p95), which represents 4.9 % of the total number of
overweight and obesity status. Comparing our results wigddolescents. The cumulative percentage of obesity and
global collected data over the past 17 years has shown mamgrweight status was 29.2 % for boys and 18.0 % for girls
differences in the measured parameters. The BMI values(@B.8 % for all adolescents). Because of the different
the Macedonian boys in all age groups were higher thannmethodology used to define overweight and obesity in
the boys from Nigeria (Senbargbal), Bahrain (Gharib & adolescents, caution should be exercised when comparing
Shah, 2009), Bolivia (Baya Bott al,, 2009), Hong Kong - data from different studies. Therefore, the comparison was
except at the age of 14 years (Swetgal, 2008). The limited to those studies using a similar methodology as in
Macedonian boys showed higherues in BMI than German this study. Using the cut-off points recommended by IOTF,
boys at the age of 14 to 18 years, the Bulgarian (Galdtevad_obstein & Frelut (2003) present the percentage of
al., 2009) and Koreans at the age of 15 to 18 years and lowserweight (overweight includes obese) adolescents aged
in relation to the Cyprus (Saveaal, 2001) and Kuwait boys around 11-18 years in various countries: Slovakia (8 %),
(Department of Food and Nutrition Administration, 2005) irRussia (9 %), Czech Republic (9 %), Netherlands (11 %),
all age categories. In girls, the BMI values were lower tha®oland (12 %), Germany (13 %), Denmark (17 %),
girls from Bahrain, Bolivia and Kuwait in all age categoriesBulgaria (17 %), Croatia and Zagreb (20 %), Great Britain
and lower than the Bulgarian adolescents at the age of 11(24 %), Spain (21 %), Greece and Thessaloniki (22 %) and
15 years, German at the age of 11, 13 and 16 yeayprus (23 %). Compared to the above countries
Macedonian girls showed higher BMI values in all agMacedonian adolescents in this study seem to fall near the
categories than adolescents from Hong Kong, Nigeria amiddle-high of the 10-34 % range, presented (23.8 %).
Norway (except at the age of 16 andyg@rs). In most cases Comparison of the results of this study with those of the
these differences were small and dependent on age and #gab counties (Musaigest al, 2016) reveals a very high
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prevalence of overweight as shown by the high combineth in girls. In Hong Kong Chinese from 74.0 to 81.6 cm in
percentage of overweight and obese individuals in Kuwaibys and from 68.4 to 72.6 cm in girls, in German adolescents
(60.4 %; 41.4 %), United Arab Emirates, the city Sharjafitom 80.4 to 91.8 cm in boys and from 79.4 to 85.4 cm in
(38.9 %; 20.2 %) and Jordan, Haman (31.8 %; 22.1 %) batfrls, in Norwegian adolescents from 71.3 to 86.7 cm in boys
for boys and girls. Our result comparison %BF with thand from 69.3 to 76.8 cm in girls, in Poland adolescents
German ones (Haas$al, 2011) indicate a higher percentagdrom 75.5 to 86.5 cm in boys and from 71.9 to 78.8 cm in
of fatty tissue among Macedonian adolescents (12-18 yeag)ls, in Kuwait adolescents from 87.1 to 106.7 cm in boys
and from 86.7 to 107.0 cm in girls.
Also, the results of our study suggests that boys tend
to have a greater prevalence of obesity compared to girls ROC analysis show that the measures sum of 4
(29.2 % for boys and 18.0 % for girls). This is probably duskinfolds have the greatest discriminating power in predicting
to the fact that in this adult period girls are more concerndlade IOTF obesity for Macedonian adolescents of both sexes.
about their appearance and more attentive to the diet. Gonod descriptive power also shows the variables WHtR and
the other hand, boys are less engaged in spontaneous physigataspinale SFT. The researches conducted in German (Haas
activities and spend most of their free time in sedentagyal) and Portugal (Sardinteal, 1999) adolescents showed
activities (compared work, watching television, etc.). similar relations. The variable WHtR has shown the best
descriptive power to predict abdominal obesity among
The results of the study indicate that the highe&erman boys and girls. Then were followed %BF, subscapular
percentage of overweight including obesity have boys at taad sum of 4 skinfolds in boys and WHR, sum of 4 skinfolds
age of 12 years (34.0 %) and girls at the age of 14 yeanrsd %BF in girls (Haast al). In older adolescents at the age
(24.0 %), while the smallest percentage has 13-year-old bayfs12 to 15 years sum of 4 skinfolds was moving from
(20.7 %) and 16-year-old girls (10.0 %). Over 24.0 % of th&.940.045 to 0.840.087 in boys and from 0.28.034 to
respondents have sum of 4 skinfolds greater than cut-6f05:0.036 in girls. The anthropometric measure triceps SFT
values. This high percent of body fat is associated with &ad the best descriptive predictive power in obesity for boys
increased risk of acute and chronic diseases, particulaayd girls of this age (Sardinleaal).
osteoarthritis, increased blood pressure, diabetes mellitus and
cardiovascular disease, which can lead to poor quality of On the basis of the results of ROC analysis and the
life, increased personal and financial burden for the indivecomparisons presented above, can be concluded that the sum
dual, society and shortening the life span (Dugan, 2008).of 4 skinfolds and WHtR should be used as the preferred
The determined differences in the degree of obesity may bereening tools. Sum of 4 skinfolds is easy to perform
due to the ethnic and genetic differences between theedicts later adult body fatness better than adolescent BMI
surveyed populations, the geographical and socio-econondimes. Stomfatt al. (2011) determined that the intra-observer
conditions, the variations in the composition of the foodgliability for SFT measures (triceps, subscapular, biceps,
the forms of food intake and physical activity. suprailiac) was 97.7 %, and inter-observer technical error
of measurement for skinfold thicknesses was between 0.13
Because there are significant differences in the foand 0.97 mm. Also, because %BF can be measured on the
most commonly used anatomical parts for WC measures (a&sis of SFT measurements these measurements seem to
Onis et al, 2010), it is difficult to make international be very useful screening tools along with WHtR measures.
comparisons of WC, and to assess the prevalence of
metabolic syndrome. For example, the prevalence of The advantages of this study is that this is one of the
metabolic syndrome as predicted by WC measurementisst researches realized on Macedonian adolescents.
differed by 3 % among the measurement sites in mémthropometric measures were collected by appropriately
between the umbilicus and minimal waist, whereas imained health workers who used the same anatomical
women, the prevalence ranged from 15.1 % (umbilicus) measurement points. In addition, the results are
14.4 % (iliac crest), 14.1 % (midpoint between iliac crestepresentative of today’s adolescents, as data on ITM were
and the lowest rib), and 13.1 % (minimal waist) (Go?atollected in 2016. The limitations of the study consist in the
& Chrzanowska, 2002). Considering the predictive role déck of information on the impact on sexual maturation sta-
WC in the IDF criteria for metabolic syndrome, and théus on the anthropometric indices, as well as cross-sectional
differences in mean WC among different ethnicitiesjesign of the study. Although, references curves are obtained
(Nooyenset al, 2007) international standardization of theon contemporary data that are likely to be representative of
protocol for measurement of WC is warranted. From 11 the current situation in Macedonia, the validity of the
18 years in 90th percentile, WC for Macedonian adolescemtbstained percentile curves should be confirmed in future
ranges from 80.8 to 90.2 cm for boys and from 73.4 to 78t&search using longitudinal approach.
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