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Abstract

Nutritional status of school children has been discussed over the past decade, focusing on timely and adequate
response that can positively affect the reduction of the health risks of overweight, obesity, and malnutrition. Thus,
the aim of this study was to evaluate a nutritional status of healthy children from Montenegro according to three
most common worldwide references. The sample of 1480 healthy school children was consisted of girls (N=733),
mean age=10.98+1.38 years, mean body height BH=152.25+10.22 cm, and mean body mass BM=43.93+11.51
kg, and boys (N=747), mean age=10.95+1.41, mean BH=153.26+11.18 cm, and mean BM=46.16+13.21 kg. A
nutritional status was defined by body mass index (BMI) and compared to the references developed by World
Health Organization (WHO), Centers for Disease Control and Prevention (CDC) and International Obesi-
ty Task Force (IOTF). Prevalence differences relative to age and gender were analyzed as well. Results suggest
that IOTF is the most appropriate method in absence of national references for growth and nutritional status.
Furthermore, increase in prevalence of overweight and obese in boys was relatively high considering the time
frame (5 years), while increase in girls was somewhat smaller, but nevertheless present. In total, every third
(WHO) or every fourth (CDC and IOTF) child in Montenegro aged 9-13 years is either overweight or obese.
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Introduction

According to World Health Organization (WHO), incre-
asing trend of obesity among children and preadolescents is
one of the leading health problems (WHO, 1995). The obesity
can be caused by many factors such as genetics, socio-cultural
or environmental factors. However, in majority of cases the
obesity is caused by a nutritional disbalance due to higher ca-
lorie intake than can be spent during the day, which leads to
storing the excess energy as fat tissue (Lukaski, 2017). Since
the changes in nutritional status can be noticed in quickly ac-
cessible body composition characteristics such as body mass
(BM), body height (BH) or waist circumference (WC), the

analysis of body composition became a standard tool in epide-
miological and statewide studies (WHO, 2000).

In this type of research morphological measurements re-
present a basis for obtaining data (Bjelica, 2010). The scree-
ning of nutritional status in a pediatric population is very
challenging process because of the fast growth and physical
development, which characterizes childhood, preadolescen-
ce and adolescence (Cole, Flegal, Nicholls, & Jackson, 2007;
Wang & Chen, 2012). Therefore, a precise, valid and reliable
method should be used for these purposes. Assessment of
anthropometric measurements is standardized method, com-
monly to estimate nutritional status of body composition, and
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globally used references are WHO, Centers for Disease Con-
trol and Prevention (CDC) and International Obesity Task
Force (IOTF), (de Onis et al., 2007; Kuczmarski et al., 2002;
Cole et al., 2007). In addition to the above references, several
countries have developed national references to growth and
development on nationally significant samples of their popu-
lations using similar methodology (Tambalis et al., 2015), but
this is not case in Montenegro.

Various types of adaptation of human beings have, led to
a change in the phenotype, which changed genotypes over
generations (Bjelica, 2006). This has led to the development
of different individuals within a community of living beings
(Bjelica, 2006). Although a modern way of life brings up many
advantages providing better and easier functioning of people,
it is also evident that a negative adaptation such as nutrition
transition and reduction of physical activity occurred as well
(Ng et al., 2014). Especially sensitive periods that can be in-
fluenced by these changes are childhood and preadolescence
whereby obese children and preadolescents are more likely to
be obese adults (Ng et al., 2014). In contrast, increasing trend
of underweight children can be noticed worldwide, which
also can be a burden and lead to increased health risk (Tuan
& Nicklas, 2009; Popkin, 2006). In that regards, developing a
national normative values of body composition characteristics
for an early detection of nutritional status of children and pre-
adolescents plays an important role in prevention of obesity.

There has been a lack of comprehensive researches rela-
ted to nutritional status of children from Montenegro. Except

from Martinovic et al. (2015) and Jaksic et al. (2017), next
available data were from former Serbia and Montenegro from
2004. However, prevalence of overweight and obese children
increased by one-third since then (Martinovic et al., 2015).
A survey by the World Health Organization “European Chi-
ldhood Obesity Surveillance Initiative-COSI”, conducted by
4,000 children in Montenegro, showed the worrying incidence
of overweight and obesity in Montenegro (Institute of Public
Health, 2016). In that regards, the main goal of this study was
to evaluate current nutritional status in school children (9-13
yrs.) from Montenegro and to explore possible gender and age
differences. Another objective was to compare the results with
peers from the region and globally with studies that used simi-
lar methodology.

Methods

This study could be classified as a cross-sectional study de-
sign conducted on a stratified sample of school children from
Montenegro aged 9-13 years. Children from three geographical
regions (southern, central and northern) were included in the
study and their nutritional status was evaluated and compared
to three most common references: World Health Organization
- WHO (de Onis et al., 2007), Centers for Disease Control and
Prevention - CDC (Kuczmarski et al., 2002) and International
Obesity Task Force - IOTF (Cole et al., 2007) and classified
into four categories: Underweight, Normal, Overweight, and
Obesity (Table 1).

Table 1. Cut-off values for used references for purpose of evaluation of nutritional status

References Underweight Normal Overweight Obesity
WHO BMI-for-age BMI-for-age BMI-for-age BMI-for-age
Z-score<-2 Z-score-2 to 1 Z-score>1 Z-score>2
cDC BMI< BMI BMI> BMI>
5% percentile >5tto<85™ percentile 85" percentile 95 percentile
BMI<18.5 BMI 18.5 to<25 BMI 25 to<30 BMI=30
IOTF
atage 18 atage 18 atage 18 atage 18

Subjects

The sample of 1480 healthy school children were consi-
sted of girls (N=733) and boys (N=747). The main characte-
ristics for the girls were: mean age=10.98+1.38 years, mean
body height BH=152.25+10.22 cm, and mean body mass
BM=43.93+11.51 kg; and for the boys: mean age=10.95+1.41,
mean BH=153.26+11.18 cm, and mean BM=46.16+13.21 kg.
All measurements were conducted on a national level inclu-
ding southern, central and northern region of the country, du-
ring the school year 2017/18. School principals, parents and
children were informed about the purpose of the measurement
and children were measured only if everybody signed the in-
formed consent prior the measurements were taken. Children
with medical conditions (such as Down syndrome, Marfan
syndrome, serious hormonal disorder, diseases that affect loss
of muscle mass, reduction in bone density) were measured
but excluded from the sample of this study. The research was
carried out in accordance with the conditions of declaration of
Helsinki, recommendations guiding physicians in biomedical
research involving human subjects (Christie, 2000).

Measurement procedures
Nutritional status was estimated based on body mass in-
dex (BMI), whereby the BMI was calculated by dividing BM

in kilograms (kg) with square of BH in meters (m), BMI=BM/
BH?and expressed in kg/m?. Body height and body weight we-
re measured using a SECA 220 (Seca GmbH & Co. KG.) we-
ighing and measuring scale with a telescopic measuring rod,
with the precision of 0.1 kg and 0.1 cm. All participants were
dressed in shorts and T-shirt and during both measurements
they were barefooted. Measurements were provided by trained
and experienced staff from Faculty for Sport and Physical Edu-
cation, University of Montenegro.

Statistics

The descriptive statistics for means (mean) and standard
deviations (+SD) for BM, BW and BMI were calculated using
a statistical package for social sciences (IBM, SPSS 20.0). The
same software was used for independent sample T-test, with
Leven’s test for equality of variance, to identify possible diffe-
rences between genders related to same age category with si-
gnificance level set at p=0.05. To test the differences between
the age groups, the analysis of variance (one-way ANOVA)
with Bonferroni post-hoc test was used, and significance level
was set at p=0.05. To calculate the BMI relative to age accor-
ding to WHO and CDC, a Microsoft's Gowth-Z excel workbo-
ok with possibility of batch calculation (Canadian Pediatric
Endocrine Group, 2018) was used. For calculation of estimated



BMI according to IOTF references was LMS growth (version
2.77) used, through a Microsoft Excel add-in written using Ex-
cel 2000 with Visual Basic for Applications -VBA (Pan & Cole,
2012). Both, Growth-Z and LMS growth for calculation were
based on LMS method. This method summarizes the chan-
ging distribution by three curves representing skewness (L),
median (M) and coeflicient of variation (S), for details about
the method see: Cole and Green (1992). Nutritional status was

Table 2. Descriptive statistics for Girls and Boys relative to age

presented by percentages (%), and related to different referen-
ces (WHO, CDC and IOTF) and their recommended cut-off
points.

Results

Basic descriptive data (mean and standard deviation) for
BH, BM and BMI classified by gender and age are presented
in Table 2.

Girls Boys

Age BH (cm) BM (kg) BMI (kg/m?) BH (cm) BM (kg) BMI (kg/m?)
(years) Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD
9 133 141.11+6.45 34.70+7.83 17.71+£2.94 148 142.85+6.05  36.80+8.52 17.91+3.33
10 164 146.83£7.15 39.38+8.85 18.11£2.96 174 147.22+£6.61  41.17+£10.21  18.85+3.74
11 157 152.01+7.07 42.15+8.61 18.13+2.87 135 151.66£6.67 44.79+£10.79  19.32+3.74
12 139 158.99+6.58 50.01£9.63 19.74+3.43 148 159.1848.62  51.79+12.89  20.24+3.67
13 140 162.75+6.51 53.98+11.13  20.3243.69 142 166.83+£8.12  57.43+12.26  20.49+3.47
Total 733 152.25£10.22  43.93+11.51  18.70+3.37 747 153.26+11.18 46.16+£13.21  19.33£3.71

Independent samples T-test on a whole sample for BH did
not show significance (t,,, ,=1.81, p=0.070), while boys were
significantly heavier than girls by heaving 2.2 kg of mean diffe-
rence (md) in BM (t =3.45,p<0.001) and therefore had si-

1457.69

gnificantly higher BMI then girls (md=0.64 kg/m?, t40.44=3+455
p<0.001). The difference between the genders relative to age
showed fluctuation in results (Table 3).

Table 3. Independent samples T-test results for total gender differences and for same age differences

for Girls and Boys related to BH, BM and BMI

. Degree of I Mean difference
Age Variable t freedom Significance (Girls - Boys)

BH -2.335 279 0.020* -1.74 cm

9 BM -2.141 279 0.033* -2.10 kg
BMI -1.614 279 0.108 -0.62 kg/m?

BH -0.524 336 0.601 -0.39 cm

10 BM -1.728 333.69 0.085 -1.80 kg
BMI -2.008 326.16 0.045%* -0.74 kg/m?

BH 0.427 290 0.670 0.35cm

1 BM -2.281 255.32 0.023* -2.64 kg
BMI -2.999 249.08 0.003* -1.19 kg/m?

BH -0.212 273.74 0.832 -0.19 cm

12 BM -1.332 271.59 0.184 -1.78 kg
BMI -1.185 285 0.237 -0.50 kg/m?

BH -4.662 268.77 0.001* -4.08 cm

13 BM -2.475 278.14 0.014* -3.45kg
BMI -0.41 280 0.682 -0.18 kg/m?

BH -1.81 1470.82 0.070 -1.01 cm

TOTAL BM -3.452 1457.69 0.001* -2.23 kg
BMI -3.453 1469.45 0.001* -0.64 kg/m?

Legend: *significant difference at the 0.05 level

When compared within the group of 9 years of age, boys
were heaving significantly higher BH (t,,=2.34, p=0.020,
md=1.74 cm) and BM (t,,=2.14, p=0.033, md=2.10 kg)
than girls, but without significant difference in case of BMI

(t,,=1.61, p=0.108, md=0.62 kg/m?). In case of 10-years gro-
up, there were no significant differences between genders in
BH (t
BMI was significantly higher in boys (t

=0.42, p=0.678) and BM (t,., =1.63, p=0.103), but

=2.01, p=0.045,

336 333.69

326.16



md=0.74 kg/m?). Among the 11 years old children, there
were no significant differences between boys and girls in
BH (t,,,=0.43, p=0.670), but boys had significantly higher
BM (t,_., 2.281,p=0.023, md=2.64 kg) and BMI (t,,, , 2.99
p=0.003, md=1.19 kg/m?). For 12-year groups there were
no significant differences in any variable BH (t,,.,=0.21,
p=0.832), BM (t,, =133, p=0.184) and BMI (t=1.185,

p=0.237). However, for a 13-year group significant diffe-
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rences occurred in two variables, whereby boys were ha-
ving higher BH (t,,..=4.66, p<0.001, md=4.08 cm) and BM
(t,,4,,=2:47, p=0.014, md=3.45 kg) but without significant
differences related to BMI (t=0.41, p=0.682, md=0.18 kg/
m?).

The results of Bonferroni post-hoc test showed signifi-
cant differences (p<0.05) between all age groups in girls for
BH (Table 4).

Table 4. Multiple comparisons related to age within same gender (Bonferroni post-hoc test)

Mean difference (A-B)

Mean difference (A-B)

Age group Girls Boys
A B BH BM BM1 BH BM BM1
10 -5.718* -4.675* -0.82 -4.368* -4.372%* -0.94
11 -10.894*  -7.450%* -0.839 -8.806* -7.988* -1.409*
’ 12 -17.883*  -15.310%* -2.447* -16.332% -14.994%* -2.330%
13 -21.637*  -19.276* -3.022% -23.977* -20.628* -2.582%
9 5.718%* 4.675* 0.82 4.368* 4.372% 0.94
11 -5.177* -2.774 -0.019 -4.438* -3.616* -0.469
10 12 -12.165%  -10.635* -1.627* -11.964* -10.622% -1.391*
13 -15.920*%  -14.601* -2.202% -19.609* -16.256* -1.642%
9 10.894* 7.450%* 0.839 8.806* 7.988%* 1.409*
10 5.177* 2.774 0.019 4.438* 3.616* 0.469
! 12 -6.989% -7.860%* -1.608* -7.526% -7.006* -0.922
13 -10.743*  -11.827* -2.183* -15.171%* -12.640% -1.173
9 17.883* 15.310* 2.447%* 16.332* 14.994* 2.330%
10 12.165* 10.635%* 1.627* 11.964* 10.622* 1.391*
= 11 6.989% 7.860%* 1.608* 7.526%* 7.006%* 0.922
13 -3.754* -3.966* -0.575 -7.645% -5.634* -0.252
9 21.637* 19.276* 3.022%* 23.977* 20.628* 2.582%
10 15.920% 14.601* 2.202%* 19.609* 16.256* 1.642%*
. 11 10.743* 11.827* 2.183* 15.171%* 12.640%* 1.173
12 3.754* 3.966* 0.575 7.645% 5.634* 0.252

Legend: * The mean difference is significant at the 0.05 level

Thirteen years old girls were 3.75 cm taller than 12 years
old, 10.74 cm than 11 years old, 15.92 cm than 10 years old,
and 21.64 cm than 9 years old girls. Furthermore, 13 years
old girls were 3.97 kg heavier than 12 years old (p=0.004),
11.83 kg than 11 years old (p<0.001), 14.60 kg than 10 years
old (p<0.001), and 19.28 kg than 9 years old (p<0.001). On-
ly 11 years old girls did not significantly differ from 10 years
old (md=2.77 kg, p=0.075). However, significant differences
in BMI for 13-year group were found with 11-year (md=2.18
kg/m?, p<0.001), 10-year (md=2.20 kg/m? p<0.001) and
9-year group (md=3.02 kg/m? p<0.001), but without si-
gnificant differences with 12-year group (md=0.57 kg/m?,
p=1.00). Significant differences were not found between 11,
10 and 9-year group of girls. On the other side, Bonferro-
ni post-hock test showed statistically significant (p<0.05)

differences between all age groups in boys in BH and BM
variables (Table 4). Thirteen years old boys were 7.64 cm
taller than 12 years old, 15.17 cm than 11 years old, 19.61
cm then 10 years old, and 23.98 cm than 9 years old boys.
A gradual increase in BH was followed by the same trend
(p<0.05) in BM, whereby 13 years old boys were 5.63 kg
than 12 years old, 12.64 kg than 11 years old, 16.26 kg than
10 years old, and 20.63 kg than 9 years old boys. In case of
BMI 13-years old boys had significantly higher BMI than 10
years old (p=0.001), and 9 years old (p<0.001), but without
significant differences compared to 12 years old (p=1.00),
and 11 years old boys (p=0.069). Through the text were
emphasized just the most relevant data, but for details about
multiple comparisons consult Table 4.
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Figure 1. Nutritional status according to different references (WHO, CDC and IOTF) for Girls (9-13 yr.)

The results of relative prevalence of nutritional status
in particular categories (Table 1) according to WHO, CDC

and IOTF is presented graphically for girls (Figure 1) and
boys (Figure 2).
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Figure 2. Nutritional status according to different references (WHO, CDC and IOTF) for Boys (9-13 yr.)

According to WHO, prevalence of underweight was
lower than in CDC and IOTF and higher in overweight re-
gardless of gender, while according to CDC, prevalence of
normal was higher comparing to WHO and IOTF but the
lowest in overweight category in both, boys and girls. Pre-

valence of underweight was the highest according to IOTE,
with prevalence of obese being the lowest in girls as well as
in boys. It seems that there was no specific trend of changes
in prevalence of nutritional status relative to age (Table 5).

Table 5. Nutritional status according to different references (WHO, CDC and IOTF) and related to age and sex

Boys

13 9 10 1 12 13 Total

Age Girls
9 10 11 12
Underweight 5.26 3.03 4.49 1.44
WHO Normal 69.17 67.88 75.64 69.06
(%) Overweight 1729 2242 1538 23.02
Obesity 8.27 6.67 3.21 6.47
Underweight 8.27 6.06 7.69 3.60
CDC Normal 69.17 7273 7949 7194
(%) Overweight 16.54 1455 1026 17.99
Obesity 6.02 6.67 2.56 6.47
Underweight 13,53 970 1154 7.91
I0TF Normal 6391 69.09 7564 67.63

(%) Overweight 18.05 18.18 12.18 1942
Obesity 451 303 064 504

2.86 6.08 1.15 0.74 1.35 2.1 297

7214 5270 59.20 56.30 56.08 59.15 63.72
19.29 21,62 1897 25.19 2838 26.06 21.69
5.71 19.59 2069 17.78 1419 1268 11.62
5.00 7.43 345 444 2.70 4.93 534

7571 60.14 6494 62.96 6149 6549 6845
1357 1757 1437 1630 23,65 17.61 16.15
5.71 1486 17.24 16.30 1216 1197 10.07
10.00 10.14 747 741 541 7.04 8.99
7143 5946 62.07 6296 62.16 64.08 65.88
1429 2230 2126 2074 2500 2535 19.66
4.29 8.11 9.20 8.89 7.43 3.52 547




Discussion

This study evaluated the nutritional status of children in
Montenegro through three different references. They all differ
in the results related to prevalence by defined categories in
a more or lesser extent (Figure 1 and 2, and Table 3), which
is similar to results from previous studies (Shan et al., 2010;
Wang & Chen, 2012; Martinovic et al., 2015; Jaksic et al., 2017).
Following only BMI values relative to any of used references
showed inconsistency but when BMI results were consolida-
ted with age and gender-related differences in BH and BM, it
indicated that BMI may vary due to the laws related to growth
and maturation of boys and girls. In that regards, the question
of applicability and reliability, and which reference is the most
suitable for the school population in Montenegro needs a furt-
her research, including another measures of body compositi-
on, such as body fat, waist circumference, waist to height ratio,
muscle mass (Sharma, Metzger, Daymont, Hadjiyannakis, &
Rodd 2015; Schroder et al., 2014). The reasons for this could lie
in a specificity of morphology related to geographical position
and genetic heritage in Montenegro (Grasgruber et al., 2017).
Therefore, IOTF reference seems as the most appropriate met-
hod because it bears more biological meaning comparing to
distribution-based CDC and WHO references (Wang & Chan,
2012; Cole, Bellizzi, Flegal, & Dietz, 2000).

Three used reference values were constructed on samples
before the global epidemic of obesity, while WHO and CDC
references included only North America (Wang & Chen,
2012). In contrast, IOTF references included the population
from different regions in the world (Brazil, Great Britain, Net-
herlands, Hong Kong, Singapore and United States) and was
based on sex-age-specific BMI values obtained at 18 years. Al-
though analyzed many countries, study of Cole et al. (2000)
did not include Eastern Europe (especially Dinaric Alps) whi-
ch was shown to be different in physical stature (Grasgruber et
al., 2017). The information obtained in this study are certainly
useful, informative and relevant for comparison with global
trends in nutritional status. However, developing a national
growth-age-sex-stature independent indicator of nutritional
status such as waist-to-height ratio would probably be the
best way for the future monitoring and prevention of negative
trends in nutritional status of schoolchildren in Montenegro.

Considering the prevalence defined by nutritional catego-
ries, the differences were present in relation to both, gender
and age. According to all three used references (WHO, CDC
and IOTF) prevalence of overweight and obesity was higher
among boys than among girls, whereby WHO overestimated
number of overweight and obese in both groups, followed by
CDC and IOTF (see Figures 1 and 2). Conversely, WHO unde-
restimated the number of underweight children in both gen-
der groups and all age groups, followed again by CDC and then
IOTF (See Figures 1 and 2). This additionally suggest that IOTF
as a sex-age-specific reference may be more accurate than ot-
her two used in this study. In terms of overweight and obesity,
the situation is alarming, because boys were more overweight
and obese than girls of same age and in total, which supports
the findings of Martinovic et al. (2015). On the other side, a
comprehensive study from Ng et al. (2014), which showed that
prevalence of overweight and obese children in Montenegro
were 26.3% and 9.4%, for boys and 27.3% and 8.3% for girls
does not support the findings of the present study. The rea-
son for concern may be raised because present study showed

increase in number of obese boys comparing to prevalence of
obesity from Ng et al. (2014), in each of used references as well
as a big disbalance comparing to girls. Prevalence results from
Martinovic et al. (2015) further support this notation because
they used the same methodology as in the present study but
the prevalence of obese was lower. In the short period of time
(5 years) prevalence of overweight and obese boys increased
in all three references: according to WHO criteria number of
overweight and obese is increased by 8.7%, according to CDC
for 3%, and according to IOTF for 3.9%. A small increase in
prevalence of overweight and obese of 3.9% by WHO criteria,
1% by CDC, and 0.7% by IOTF could be also noticed among
girls.

It could be concluded that the increase in boys was relative-
ly high considering the time frame, while increase in girls was
somewhat smaller, but nevertheless present. In total prevalen-
ce of overweight and obese among Montenegrin children in-
creased according to all three used methods, among which the
biggest increase occurred according to WHO reference (6.3%),
followed by IOTF (2.2%), and CDC (1.7%). Roughly speaking,
of 100 children, 6 would be underweight, 61 would be normal
weight, and 33 would be overweight or obese. In other words,
every third (WHO) or every fourth (CDC and IOTF) child in
Montenegro aged 9-13 years is either overweight or obese.
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