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Abstract

The aim of the research was to determine the association between weight status with residential status, geographic 
region, and sex in younger adolescent age group in Montenegro. The sample was stratified based on gender, settlement 
type, and geographic region in Montenegro. Anthropometric characteristics were assessed using a battery of three 
variables: body height (BH), body weight (BW), and body mass index (BMI). BMI was categorized based on the World 
Health Organisation‘s (WHO) cut-offs to underweight, normal weight, overweight and obese individuals. The sample 
comprised 534 early adolescents, specifically 8th grade students, including 283 boys (average age 13.52±0.42 years) 
and 251 girls (average age 13.51±0.40 years) from primary schools throughout Montenegro. Based on the Chi-square 
test, an association between weight status and geographic region was found among boys and in the overall sample of 
children, with the highest prevalence of obesity in the northern region. There is also a significant association between 
weight status and residential status of adolescents, with obesity being more prevalent among rural children compared 
to urban children. Additionally, an association between sex and weight status was established, with obesity being more 
prevalent in boys compared to girls. Therefore, these findings highlight the need for targeted intervention and the 
promotion of healthy lifestyles among children, taking these demographic factors into account. 
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Introduction
The substantial changes in people’s lifestyles have an im-

pact on children’s and adolescents’ physical growth as well 
(Ferreira et al., 2007). The period between the ages of 10 and 
19 is termed as adolescence and is characterized by rapid 
and crucial phases of human development affecting a per-
son’s physical, emotional, cognitive, and social development, 
among other aspects (WHO, 2017). Insufficient physical activ-
ity and unhealthy dietary practices are leading to a widespread 
increase in overweight and obesity, reaching epidemic levels 

particularly in developed nations (Wijnhoven et al., 2014). 
One of the biggest health issues we face today is obesity, 

which has a number of associated changes that reduce life 
expectancy (Stankovic et al., 2021). In most economically 
developed nations as well as some low-income nations, the 
prevalence of pediatric obesity has doubled or tripled over 
the past three decades, mostly in metropolitan areas (Wang & 
Lobstein, 2006). Additionally, obesity has social and psycho-
logical repercussions: it is associated with negative feelings of 
worth, lack of confidence, and sadness (Storch et al., 2007).
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Children are important members of our society, and it has 
been recognized that monitoring their growth is essential to 
identifying population health patterns and formulating suc-
cessful strategies (Sofi & Senthilvelan, 2021). There appears to 
be a north-south gradient in obesity incidence in Europe, with 
southern European nations showing the highest frequency 
(Wijnhoven et al., 2014). The balance between energy intake 
and expenditure may be affected by previous social and eco-
nomic changes in Montenegro toward a Western lifestyle and 
more democratic markets (Telbisz et al., 2014). Despite having 
limited usefulness in assessing body fat in children and adoles-
cents body mass index is still a practical technique to identify 
overweight and obesity (Woźniacka et al., 2018). Additionally, 
the comparison of results between nations is made possible by 
the availability of data on BMI assessed in sizable population 
groupings (Must & Anderson, 2006; Reilly, 2006).

In recent decades, there has been a sharp rise in the fre-
quency of overweight and obesity among children and adoles-
cents from Slovenia (Kovač et al., 2014), Poland (Woźniacka 
et al., 2018), Hungary (Antal et al., 2009), North Macedonia 
(Morina, Miftari, Georgiev, & Gontarev, 2022), Albania (Jarani, 
Spahi, Vrenjo, & Ushtelenca, 2022) and Kosovo (Tishukaj et 
al., 2017). Also, this trend was recorded in Montenegro for 
children from 6-9 years old (Vasiljevic & Petkovic, 2023), 
likewise for adolescent (Martinovic et al., 2015; Katanic et al. 
2023b). The fact that every third child in Montenegro between 
the ages of 9 and 13 is overweight or obese (Milasinovic et al., 
2019) raises serious concerns among researches. In addition, 
according to a study in which Hungarian schoolchildren took 
part, 48% of boys and 28% of girls identified as overweight by 
BMI were actually obese based on their body fat percentage 
(Antal et al., 2009). Tishukaj et al. (2017) conducted a study 
to investigate the physical fitness and anthropometric charac-

teristics of adolescents residing in various regions of Kosovo. 
The mentioned research highlighted a notable prevalence of 
overweight and obesity, particularly among boys aged 14 to 15.

Based on the aforementioned information, while numer-
ous studies have focused on the prevalence of overweight 
and obesity, according to the author’s knowledge there are no 
studies that specifically explore the association between these 
variables and geographical regions. Therefore, the aim of the 
research was to determine the association between weight sta-
tus and residential status, as well as the association between the 
weight status and the geographic region of boys and girls in the 
younger adolescent age group in Montenegro. This study will 
provide a substantial and crucial dataset concerning the weight 
status and living arrangements of adolescents in the younger 
age group, specifically within a defined European region.

Methods
Participants

The sample included early adolescents, specifically 8th-
grade students, from primary schools throughout Montenegro. 
A total of 534 students took part in this cross-sectional study 
(283 boys, with an average age of 13.52±0.42 years, and 251 
girls, with an average age of 13.51±0.40 years). The sample was 
stratified by gender, geographic region, and type of settlement. 
Montenegro’s geographic division comprises northern, central, 
and coastal regions. Settlement types are categorized accord-
ing to administrative criteria and population size. Rural areas 
consist of villages and small towns with populations of 10,000 
or fewer, while urban areas include locations with populations 
exceeding 10,000 (Monstat, 2011). Table 1 provides a detailed 
breakdown of the sample characteristics. Participation in the 
study was voluntary, with parental consent, and the research 
adhered to the principles outlined in the Helsinki Declaration.

Table 1. Characteristics of sample population

Gender (number, %)

Boys 283 (53.00%)

Girls 251 (47.00%)

Geographical region (number, %)

Northern 73 (13.67%)

Central 382 (71.54%)

Coastal 79 (14.79%)

Type of settlement (number, %)

Urban 380 (71.16%)

Rural 154 (28.84%)

Measurements
A standardized international biological method was em-

ployed to evaluate morphological traits. Anthropometric mea-
surements were taken using three key variables: body height 
(BH), body weight (BW), and body mass index (BMI). Height 
was measured with a portable stadiometer (Seca Ltd., Bonn, 
Germany), accurate to 0.1 cm. Body weight was recorded us-
ing a Tanita body fat scale (Tanita ® model BC-418MA, Tokyo, 
Japan). The body mass index (BMI) was calculated using the 
formula: BMI=BW(kg)/BH(m)². Based on the World Health 
Organization (WHO) criteria, BMI was categorized into un-
derweight, normal weight, overweight, and obese groups 
(Onis et al., 2007).

Statistics
The basic descriptive statistics parameters were calcu-

lated, including the arithmetic mean, standard deviation, 
minimum, maximum, and percentages. To examine the re-
lationship between weight status and residential status, the 
Chi-square (χ²) test was applied, as well as the association be-
tween weight status and residential region, for boys and girls 
in the younger adolescent age group. For all statistical analy-
ses, a significance level of p<0.05 was considered. Data were 
processed using the Statistical Package for Social Sciences 
(SPSS), version 26.0 (SPSS Inc., Chicago, IL, USA), along 
with Microsoft Excel (version 13, Microsoft Corporation, 
Redmond, WA, USA).
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Results
According to Table 1, the total number of participants 

was 534, with 53% being boys. The largest share of partici-
pants comes from the central region, accounting for 71.54%. 
Additionally, the ratio of urban to rural participants is 71.16% 
to 28.84%.

For boys, the average age was 13.52±0.42 years, with 
an average body height of 169.43±8.89 cm, body weight of 
60.54±13.47 kg, and a BMI of 20.99±3.78. While for girls, the 
average age was 13.51±0.40 years, with an average body height 
of 165.54±6.67 cm, body weight of 55.28±9.27 kg, and a BMI 
of 20.13±2.99.

Table 2. Descriptive statistics

Mean Std. Dev. Min Max

Body Height (cm)

Boys 169.43 8.89 145.0 190.0

Girls 165.54 6.67 151.0 187.0

Total 167.60 8.15 145.0 190.0

Body Mass (kg)

Boys 60.54 13.47 34.6 110.2

Girls 55.28 9.27 33.0 82.8

Total 58.07 11.97 33.0 110.2

BMI

Boys 20.99 3.78 13.63 34.49

Girls 20.13 2.99 13.91 32.49

Total 20.58 3.45 13.63 34.49

Association between the weight status and the geographic region
Table 3 presents the distribution of weight status 

(Underweight, Normal, Overweight, Obese) among three dif-
ferent geographic regions (Northern, Central, Coastal) based 
on the boys’ places of residence. Based on the Chi-square test 
(χ2) determined a significant association between the weight 
status and geographic regions (χ2=22.11, p=0.001). The coeffi-
cient φ (phi) value of 0.280 signifies a moderate to strong asso-
ciation between these two variables. The highest percentage of 
obese boys is in the North, with 23.3%, while the Central and 
Coastal regions have 10% obese boys each. When considering 
overweight as well, the highest percentage is in the Coastal re-
gion at 50%, followed by the North at 39.5%, and the Central 

zone with 24% of boys classified as overweight.
In this table (Table 3), the results of the Chi-square test 

indicate that there is no significant association between weight 
status and geographical region of girls.

Table 3 also illustrates the distribution of weight status 
based on the geographic region of total children. The results of 
the Chi-square test indicate significant association between the 
weight status and geographic regions (χ2=28.19, p=0.000) of 
children. The coefficient φ (phi) value of 0.230 suggests a mod-
erate association between these two variables. There is a nota-
bly high percentage of overweight and obese children combine, 
totaling nearly 50%, in the central and northern parts, while in 
the southern part, this percentage is much lower.

Table 3. The association between the weight status and the geographic region of children

Boys Underweight Normal Overweight Obese

Northern 0.0% 37.2% 39.5% 23.3%

Central 3.5% 61.9% 24.3% 10.4%

Coastal 0.0% 39.5% 50.0% 10.5%

χ2(6, n-283)=22.11, p=0.001, φ=0.280

Girls Underweight Normal Overweight Obese

Northern 0.0% 66.7% 23.3% 10.0%

Central 1.7% 78.3% 17.8% 2.2%

Coastal 0.0% 65.9% 26.8% 7.3%

χ2(6, n-251)=9.03, p=0.172, φ=0.190

Total children Underweight Normal Overweight Obese

Northern 0.0% 49.3% 32.9% 17.8%

Central 2.6% 69.6% 21.2% 6.5%

Coastal 0.0% 53.2% 38.0% 8.9%

χ2(6, n-534)=28.19, p=0.000, φ=0.230

Legend: χ2 - Coefficient of the Chi square test; p - Coefficient of significance, φ - measure of association.

Association between the weight status and the residential status
Based on the Chi-square test (Table 4), an association 

between weight status and residential status in boys was de-
termined (χ2=14.22, p=0.003). The coefficient φ (phi) value 

of 0.224 suggests a moderate association between these two 
variables. There is a tendency for rural areas to have a higher 
percentage of overweight and obese boys combined compared 
to boys from urban areas.
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An association between weight status and residential sta-
tus in girls was determined (χ2=13.17, p=0.004; Table 4). The 
coefficient φ (phi) value of 0.229 suggests a moderate associa-
tion between these two variables. Additionally, girls from rural 
areas have a higher percentage of combined overweight and 
obesity compared to girls from urban areas.

The association between weight status and the residen-
tial status of children was also found in the total sample 
of children (χ2=24.10, p=0.000; Table 4). The coefficient 
φ (phi) value of 0.229 suggests a moderate association be-
tween these two variables. The table shows that nearly ev-

ery second child from rural areas is overweight or obese, 
while this percentage is much lower for urban children, 
around 28%.

Association between the weight status and the sex
When it comes to the association between the sex and 

weight status of participants, a significant association has been 
established (χ2=25.71, p=0.000; Table 5). The coefficient φ 
(phi) value of 0.219 suggests a moderate association between 
these two variables. The table indicates a higher frequency of 
obesity in boys compared to girls.

Table 4. The association between the weight status and the residential status of children.

Boys Underweight Normal Overweight Obese

Urban 3.0% 61.2% 23.9% 11.9%

Rural 1.2% 40.2% 45.1% 13.4%

χ2(3, n-283)=14.22, p=0.003, φ=0.224

Girls Underweight Normal Overweight Obese

Urban 0.6% 81.0% 15.1% 3.4%

Rural 2.8% 59.7% 31.9% 5.6%

χ2(3, n-251)=13.17, p=0.004, φ=0.229

Total children Underweight Normal Overweight Obese

Urban 1.8% 70.5% 19.7% 7.9%

Rural 1.9% 49.4% 39.0% 9.7%

χ2(3, n-534)=24.10, p=0.000, φ=0.212

Legend: χ2 - Coefficient of the Chi square test; p - Coefficient of significance, φ - measure of association.

Table 5. The association between the sex and the the weight status.

Underweight Normal Overweight Obese

Boys 2.5% 55.1% 30.0% 12.4%

Girls 1.2% 74.9% 19.9% 4.0%

χ2(3, n-534)=25.71, p=0.000, φ=0.219

Legend: χ2 - Coefficient of the Chi square test; p - Coefficient of significance, φ - measure of association.

Discussion
The aim of the study was to determine the relationship be-

tween weight status and residential status, geographic regions 
and sex of children in the younger adolescent age group in 
Montenegro. The main findings are: i) a significant association 
between weight status and geographic region was found in 
boys and in the total sample of children, while this association 
was absent in the group of girls; the prevalence of obesity is 
most pronounced in the northern region; ii) a significant asso-
ciation between weight status and residential status was found 
in both boys and girls groups, as well as in the total sample 
of children; the prevalence of obesity is more pronounced in 
rural compared to urban children; iii) a significant association 
between sex and weight status has been established; higher 
frequency of obesity was found in boys compared to girls.

Being overweight in adolescent years is a common thing 
nowadays. Most of this population aren’t immune to this dis-
ease and if certain actions aren’t made in proper time, it can 
be continued in the adulthood (Kohn & Golden, 2001; Mitić, 
2011). Based on the fact that current study have revealed a sig-
nificant association between weigh status and geographic region, 
where the obesity prevalence is pronounced in the north of the 
Montenegro, this result could partially be in the line with study 
conducted by Gallotta et al. (2022). Although they have revealed 

that geographic region is influential on the weight status, a high-
er BMI proportion was also revealed in the center of the Italy, 
compared to the north and south. In addition, we have also iden-
tified a more pronounced obesity prevalence in rural compared 
to urban children, which is consistent with previously published 
European studies (Gallotta et al., 2022; Novak et al., 2015), as 
well as significant association between weight and residential sta-
tus, which is further confirmed by Katanic et al. (2023a). Since 
Montenegro is predominantly smaller country, we should take 
into consideration the fact that bigger and more populated cities 
are coastally located, while the north of the country have smaller 
countries with less population, considering that the northern and 
central parts of the country are dominated by forests. According 
to the statistical office of Montenegro, 57.64% of the country is 
covered with forest and 10.02% is forest land (Monstat, 2021) 
which is mostly spacious in the central and north of the coun-
try. Moreover, the population density in central and north part 
are less pronounced (ranging from 4-9 and 10-37 inhabitans 
per km2), in regard to coastal (38-78, 79-158 and 159-305 in-
habitans per km2) (Monstat, 2023). Although there are studies 
who have identified that rural area children have lower values of 
BMI (Chillon et al., 2011; Vasić et al., 2012), which is contrary to 
our result, the main explaination may lie in the accessibility of 
physical activities in urban vs rural regions (Davy et al., 2004). 
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Consequently, different levels of urbanization and density popu-
lation leads to varying access to sports facilities and opportunity 
to perform sports (Parks et al., 2003; Reimers et al., 2014), i.e. 
according to Ilic et al. (2023), adolescents from the urban areas 
are significantly more involved in sports than those from the 
rural areas. In addition, current education level of adolescents 
themselve, but also parental education status and family income 
status (Andrade et al., 2014) should not be ignored as influential 
factors on the weight status. Following that, it is most likely that 
those children will become low-educated themselves, which will 
accumulate health risks in the area of health behaviour (Viner et 
al., 2012). Hence, the surroundings in which adolescents live and 
attend school as well, might influence their healthy habits and 
contribute to obesity level changes (Levy et al., 2011). 

It is a little bit paradox that physical activity level is higher 
in boys than in girls, but their physical fitness level is the op-
posite (Strel et al., 2007). In that regard, it is a notable gener-
al incosistency among boys and girls weight status as defined 
by BMI (Kovač et al., 2014; Ogden et al., 2012; Stamatakis et 
al., 2005; Vuorela et al., 2011; Whelton et al., 2007; Yuca et al., 
2010). What’s more, there are some recent findings who have 
emphasizing that boys have higher prevalence of overweight 
and obesity (Shehzad et al., 2022; Vrevic, 2023), which is in a 
line with our obtained results. But if we draw a line here, the di-
verse results may be explained due to biology, culture, or their 
combination, as well as the genetic conditioning (Banjevic et 
al., 2022). Although BMI may also vary with age, gender or 
maturity status (Yoon et al., 2024), there are few things that 
must be taken into consideration. Weight status could be re-
lated to adequate diet and even eating habits, especially while 
spending time in school (Adams et al., 2014). Likewise, choos-
ing unhealthy habits, such as avoiding physical activities, jung 
food consumation, being sedentary during leisure time, play-
ing video games, staying up late and sleeping irregularly, can 
disturb the regular processes of growth and potentially cause 
health complications (Li et al., 2017; Olson et al., 2019; Zsakai 
& Bodzsar, 2014). Consequently, it is necessary to reconsider 
physical activitiy level in physical education classes, as well as 
a greater emphasis on more frequent weight status evaluations 
and their external factors influences. In addition, transport to 
school must not be neglacted. To date, there is little data on the 
transportation of children and adolescents to places, especially 
to school. Therefore, future studies should include the men-
tioned parameters, which would help in gaining a deeper un-

derstanding of the factors contributing to childhood obesity.
Therefore, although this study showed that the prevalence 

of obesity is higher among children from less developed ar-
eas, it is clear that numerous potential factors are behind these 
results. On one hand, additional research is needed to identi-
fy specific causes. On the other hand, these findings indicate 
the need for the involvement of leading sports institutions in 
Montenegro to promote sports and healthy lifestyles among 
children from rural areas. This includes organizing sports pro-
grams, improving infrastructure for physical activities, and 
implementing educational programs on nutrition and health, 
among other initiatives. Only through a comprehensive ap-
proach can we expect significant changes in the prevention 
and reduction of obesity among children in Montenegro.

The strength of the study lies in the fact that this is one of the 
rare studies that has established an association between weight 
status with regional and urban-rural status of adolescents. 
Additionally, it should be emphasized that the study included a 
large sample of adolescents of both genders from different parts 
of the country. This allows for relevant and general conclusions 
to be drawn about the weight status of younger adolescents in 
Montenegro, as well as the connection between weight status 
and the regional and urban-rural status of the respondents.  

Some of the limitations of the study are reflected in the 
absence of skinfold and body composition parameters, which 
would provide a more complete picture of the adolescents’ 
body composition (Đorđević et al., 2024). Future studies could 
include these parameters, but they could also examine the lev-
el of physical activity, dietary habits, and transportation habits 
of the respondents, which might indicate the reasons for the 
observed differences in weight status. In this way, a more com-
prehensive picture of the factors affecting the weight status of 
younger adolescents in Montenegro would be provided.

Conclusion
This study has shown a significant association between 

weight status and geographic region, with the highest preva-
lence of obesity in the northern region. Also, an association 
between residential status and obesity was found, with chil-
dren from rural areas being more prone to obesity compared 
to children from urban areas. Therefore, these findings high-
light the need for targeted intervention and the promotion of 
healthy lifestyles among children, taking these demographic 
factors into account.
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