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ABSTRACT

Childhood obesity is an escalating global health concern, with North Macedonia ranking among the top 
10 European countries with a high prevalence of overweight and obesity. This study aimed to assess the 
impact of the COVID-19 pandemic on children’s Body Mass Index (BMI) by comparing data collected 
before and after the pandemic.
A prospective cross-sectional study was conducted between February and April 2022, involving 1,004 
children (ages 6–13) from the northwestern region of North Macedonia. These findings were compared 
with retrospective data from 2019, which included 1,034 participants of the same age group.
Our results indicate that restrictive measures contributed to an increase in overweight prevalence from 
13.5% in 2019 to 15.9% in 2022 and obesity from 19.6% to 21.9%. Overall, the combined prevalence of 
overweight and obesity rose from 33.0% to 37.4% during this period. The statistical analysis confirmed a 
significant association between the pandemic and increased childhood obesity rates (Pearson’s Chi-Square 
test: X² = 13.813, df = 3, p < 0.003). Gender disparities were also observed. In 2019, overweight and 
obesity were 1.42 times more common in boys than in girls (OR = 1.42; 95% CI: 1.09–1.84). By 2022, 
this ratio had slightly increased to 1.45 (OR = 1.45; 95% CI: 1.12–1.88). Furthermore, a general decrease 
in undernutrition was observed in 2022 compared to 2019. A significant reduction in undernutrition was 
noted among boys aged six (p = 0.008) and overall among boys (p = 0.017).
According to the World Obesity Federation (WOF), if no effective prevention and intervention strategies 
are implemented, North Macedonia could see childhood overweight and obesity rates rise to 52.4% by 
2030—meaning that one in two children would be affected.
These findings highlight the urgent need for targeted public health initiatives to mitigate the long-term 
consequences of childhood obesity.
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INTRODUCTION

Childhood obesity is a growing concern 
and a worldwide pandemic. It has been a global 
health concern affecting various regions globally.  
It refers to a condition where children and ado-
lescents have an excessive amount of body fat, 
leading to potential negative health consequences. 
Childhood obesity is usually determined by using 
the body mass index (BMI), which is defined as 
a child’s weight in relation to height and is used 
to compare weight across age and gender groups.

Prevalence rates of obesity in Europe have 
been on the rise over the past few decades, and 
the region has seen a significant increase in the 
number of overweight and obese children. While 
Europe is considered to have a lower overall prev-
alence of obesity compared to regions like North 
America and some parts of the Middle East, it still 
faces substantial challenges related to the obesity 
epidemic. The prevalence of obesity can vary sig-
nificantly between different European countries. 
Some countries in Northern and Western Europe 
tend to have lower rates compared to those in 
Southern and Eastern Europe [1].

North Macedonia, a small middle-income 
country with a population of around 2 million, 
is among the top 10 countries in Europe with a 
high prevalence of overweight and obesity. Ac-
cording to Lobstein et al., ten European countries 
are ranked in the following order regarding the 
highest prevalence: Hungary, Turkey, Croatia, 
Greece, Bulgaria, Serbia, Albania, N. Macedo-
nia, Slovenia, and Romania. On the other hand, 
the same study presented the lowest prevalence of 
obesity, ranked from the lowest in the countries as 
follows: Tajikistan, Belgium, Armenia, Denmark, 
Moldova, Switzerland, Kyrgyzstan, Sweden, Uz-
bekistan, and Turkmenistan [2].

In January 30, 2020, the World Health Or-
ganization (WHO) declared the outbreak of the 
novel coronavirus SARS-CoV-2 a public health 
emergency of international concern and later de-
clared a pandemic on March 11, 2020. The im-
plementation of various measures was necessary 
to curb the spread of COVID-19. The changes in 
daily routines and limited access to outdoor activi-
ties may have influenced eating habits and reduced 
physical activity levels, potentially contributing 
to weight gain and other health issues [3].

The aim of this study was to observe how 
the COVID-19 pandemic affected children’s BMI 
compared to an earlier study conducted just be-
fore the pandemic in the northwestern part of N. 
Macedonia.

MATERIAL AND METHODS

Between February and April 2022, we 
conducted a prospective cross-sectional study in 
healthy 1,004 children of both genders aged 6-13, 
from four different ethnicities in the northwest-
ern part of North Macedonia. We measured their 
weight, height, calculated their BMI percentile 
and z score, and compared them with the Centers 
for Disease Control and Prevention (CDC) 2000 
growth charts for weight by gender and age clas-
sification [4]. The classification of BMI in chil-
dren was based on the following percentiles: Un-
derweight: BMI below the 5th percentile for age 
and gender; Normal weight: BMI between the 
5th and 85th percentiles; Overweight: BMI be-
tween the 85th and 95th percentiles and Obese: 
BMI at or above the 95th percentile.

We compered the prospective study data-
base with 1,004 participants with the retrospec-
tive   cross-sectional study database which was 
conducted just before COVID-19 pandemic in 
the period from March 2019 to March 2020 [5]. 
The retrospective study included 1,034 healthy 
children of both sexes, 6-13 years old from four 
different ethnicities. The two databases were an-
alyzed and compared for their BMI classifica-
tion.

The data obtained in the study were pro-
cessed with the SPSS software, version 22.0 for 
Windows. The prevalence of the examined pa-
rameters of interest was shown as the ratio be-
tween the representation and the whole mass ex-
pressed as percentage. Shapiro-Wilk W test was 
used to determine the normality of the frequency 
distribution of the examined variables such as 
height, weight, BMI. 

Pearson’s Chi square test, Fisher exact test, 
and Fisher Freeman Halton exact test were used 
to determine the association between certain 
characteristics in the groups of respondents with 
different treatment. Difference test was used 
to compare the proportions. Risk factors were 
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quantified using odds ratios (Odd ratio – OR) 
and confidence intervals (CI). The comparison 
of two or more independent numerical param-
eters with irregular distribution of frequencies 
was done by the consequent Mann Whitney U 
test, i.e., Krushal Wallis H test.

A two-sided analysis was used to deter-
mine a statistical significance level of p<0.05.

RESULTS

The analysis of the prevalence of classified 
BMI for the entire sample of school children in-
dicated that the restrictive measures of isolation 
and social distancing during the COVID-19 
pandemic decreased the prevalence of under-
weight children from 10.1% in 2019 to 5.9% 
in 2022. However, it increased the prevalence 

of overweight children from 13.5% in 2019 to 
15.9% in 2022 and obese from 19.6% in 2019 
to 21.9% in 2022. Overall, overweight and obe-
sity increased from 33% to 37.4% during the 
COVID-19 pandemic. A significant association 
was established with an increased prevalence of 
overweight and obesity in 2022 (Pearson’s Chi 
Square test: X2=13.813; df=3; p<0.003).

The gender difference was striking, as 
boys had a greater increase in the prevalence of 
overweight and obesity in the majority of age 
groups surveyed in 2022 compared to 2019. 
Comparing the overweight, boys went from 
15% in 2019 to 17.7% in 2022, with an increase 
of 2.7%, while girls had a smaller increase, 
from 12.1% in 2019 to 13.1% in 2022, with an 
increase of 1%. The gender difference also per-
sisted when comparing obesity, with a higher 
prevalence of obesity among boys, increasing 
from 22.1% in 2019 to 23.9% in 2022, com-

Table 1.Classified BMI of school children 
by age and year (2019/2022)

Fig.1. Pre and post Covid differences in BMI
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pared to girls who saw an increase from 17.2% 
in 2019 to 19.8% in 2022. No significant as-
sociation was found between the higher prev-
alence of overweight and obesity in both boys 
and girls, for the years 2019/2022 (p=0.149 vs. 
p=0.244, respectively). 

Additionally, in both years (2019/2022), we 
found a significant association of boys with a high-
er prevalence of overweight and obesity. Boys in 
2022 had a higher prevalence of overweight and 
obesity with 41.6% compared to girls with 32.9%. 
In 2019, boys had a higher prevalence of over-
weight and obesity with 37.1% compared to girls 
29.3% The prevalence of overweight and obesi-
ty in 2019 was 1.42 times more common in boys 
than in girls [OR=1.42 (1.09-1.84), 95% CI], and 
in 2022, it was 1.45 times more common in boys 
than in girls [OR=1.45 (1.12-1.88), 95% CI].

In addition, a general decrease in undernu-
trition was observed in 2022 compared to 2019 
for each of the analyzed ages (6-13 years). For 
p<0.05, there was a significantly lower propor-
tion of undernourished in 2022 compared to 2019 
for boys aged 6+ (p=0.008), as well as a signifi-
cantly lower proportion of undernourished over-
all for boys in 2022 compared to 2019 (p=0.017).

DISCUSSION

Lobstein predicts that 16.2% of children 
aged 5-9 and 11.13% of adolescents aged 10-
19 will be affected by obesity by 2030, totaling 
21 million children and adolescents aged 5-19 
throughout the European region [2, 6].

Fig. 2. Gender differences in BMI pre and post-Covid 2019/2022

Fig 3. Gender differences in overweight and obesity 
pre Covid2019/ post Covid 2022
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During the COVID-19 pandemic, the in-
stitutes public health recommendations and gov-
ernment measures led to various restrictions in 
everyday life, including social distancing, iso-
lation, and home confinement for people [7].  
However, the impact of these restrictions on life-
style, diet, physical activity, and mental health 
had health consequences to both children and 
adults [3]. One of the main ways the pandemic 
affected children’s weight was by changing their 
eating habits. With the closing of schools and 
the transition to distance learning, many chil-
dren spent more time at home and had greater 
access to food. Another factor that contributed to 
the increase in the children’s weight during the 
pandemic was the reduction of physical activity. 
The closing of schools led to a reduced physical 
activity and increased sedentary behavior due to 
online classes, from 5 to 8 hours. With the clo-
sure of the community centers, children had few-
er opportunities to participate in organized sports 
and other physical activities. Additionally, many 
families did not allow their children to play out-
side or participate in any activities concerned by 
the virus spreading. This, combined with stress 
and uncertainty caused by the pandemic, anxiety, 
and reduced social interaction, may have led to 
increased emotional eating, which together con-
tributed to an increase in the body weight [8].

During the COVID-19 pandemic, our 
study in North Macedonia showed an increase 
of children’s overweight and obesity rates from 
33% to 37.4%, representing a 4.4% rise. This is 
in agreement with similar findings from other 
studies conducted during this period, emphasiz-
ing a substantial surge in the prevalence of over-
weight and obesity among children.

According to Siegel’s study in Cincinna-
ti, the prevalence of overweight and obesity re-
mained relatively stable with a gradual increase 
of 35% to 36.4% from 2011 to 2020. Howev-
er, during the COVID-19 period in 2020/2021, 
there was an increase in overweight and obesity 
to 39.7%, representing an 8.3% increase [9]. 

Kim et al. conducted a study among ad-
olescents in Korea and reported a similar in-
crease in the prevalence of obesity and over-
weight from 2005-2008, with a prevalence of 
3.2%. By 2020, the prevalence of obesity had 
risen to 8.9% [10].

Dubnov-Raz et al. study compared obe-
sity prevalence in the fourth quarter of 2020 
to the fourth quarter of 2018-2019 in children 

from Israel and found that obesity rates in-
creased by 37%, from 8.1% to 11.1% [11]. A 
recent study conducted in Israel also reported 
an increase [12]. 

Increased prevalence was also observed 
in European countries like Switzerland. Germa-
ny, Italy, Malta, Poland, Spain [13]. According 
to the latest results from the Childhood Obesity 
Surveillance Initiative Study (COSI) round six, 
where 13 European countries participated, the 
number of children perceived as having a normal 
weight dropped, and the percentage of children 
perceived as overweight almost doubled in every 
country, with the highest increase recorded in It-
aly and Malta [14]. 

Even in Sweden, which unlike many coun-
tries did not impose strict lockdowns or stay-
at-home orders where kindergartens, schools, 
businesses, and public spaces remained open 
throughout the pandemic, also reported an in-
creased obesity among children [15].

One of the largest longitudinal studies, 
by Lange et al., involved 432,302 children and 
adolescents aged  2–19  years across the Unit-
ed  States. Based on baseline BMI, the preva-
lence of obesity was 16.1%, with 4.8% of severe 
obesity. The study showed that the monthly rate 
of increase in BMI almost doubled during the 
COVID-19 pandemic compared to the pre-pan-
demic period. The percentage of individuals aged 
2-19 with obesity was 19.3% in August 2019, 
which increased to 22.45% in August 2020 [16].

Furthermore, our study presented signif-
icant gender differences, with a higher preva-
lence of overweight and obese boys pre–COVID 
(17.7% vs. 23.9%) compared to the prevalence 
among girls (13.1% vs. 19.8%), which extend-
ed post-COVID (2022) where boys had a high-
er prevalence of overweight and obesity with 
41.6% compared to girls with 32.9%. 

According to the study by Shah et al., 
there was a notable disparity in the prevalence of 
obesity by gender among all children’s groups. 
Based on the data summarized and analyzed by 
Shah et al., out of 188 countries, 123 countries, 
constituting 65% of the countries included in the 
Atlas study, reported a higher prevalence of obe-
sity in boys than in girls. According to the study, 
a similar trend was observed in 112 countries. 
This trend was further analyzed and found to 
persist predominantly in countries with high and 
high-average incomes, while it was not observed 
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in countries with lower averages and lower in-
comes [17].

Despite the evidence of gender disparity 
in overweight and obesity, relatively few studies 
exist that have investigated the potential caus-
es of the aforementioned variation. Some stud-
ies support the notion that obesity prevention in 
children should focus on gender [18].

As a branch of the World Obesity Feder-
ation, the Global Atlas of Childhood Obesity 
provides data on the risk assessment of obesity 
prevalence in children aged 5-19 years. WOF 
published the first childhood obesity atlas in 
2019, showing the specific prevalence of obesity 
in countries by age group and sex, and calculat-
ing risk scores for future obesity [19]. Accord-
ing to the latest publication, the second Atlas in 
2022, the rate of increase in obesity in the adult 
population in North Macedonia has an average 
risk of 1.4% from 2010 to 2030. However, the 
risk rate in the pediatric population is significant-
ly higher, 4.5%. The results for N. Macedonia 
show a difference in the risk of further obesity 
and the prevalence of obesity between adults 
and children. Specifically, according to the At-
las in N. Macedonia, the prevalence of children 
with obesity aged 5-9 years is 20.17%, while for 
those aged 10-19 years, it is 14.77%. Moreover, 
N. Macedonia has a risk index of 7/11. It is ex-
pected that there will be an increase in the rate 
of obesity to 52.5% among children aged 5-19 
years by 2030 [2]. 

  The results obtained in our study are 
alarming and they should raise the awareness 
of the Government and responsible authorities 
in North Macedonia to create national policies 
aimed at combating childhood obesity. Unlike 
some high-income countries where public aware-
ness campaigns and multifaceted strategies have 
contributed to a plateau or even a decrease in 
childhood obesity rates, North Macedonia lacks 
such initiatives.

The lack of specific policies is worrying, 
especially considering that the prevalence of 
overweight and obesity among children and ado-
lescents are on the rise. Without dedicated efforts 
to address this issue, there is a risk of a future 
health crisis, as childhood obesity often leads to 
lifelong health problems.

CONCLUSION

Our study and the literature studies have 
shown the concerning trend of increasing over-
weight and obesity during the COVID-19 pan-
demic, emphasizing the importance of address-
ing these health issues and promoting healthy 
lifestyles, especially during challenging times. 
North Macedonia must urgently adopt and im-
plement strategies to combat the alarming rise 
in childhood obesity, as evidenced by the data 
obtained. Ensuring the ongoing surveillance of 
children’s nutritional status and their risk of obe-
sity is imperative. This ongoing monitoring is es-
sential to develop and sustain a comprehensive, 
long-term strategy aimed at preventing obesity 
and curbing the prevalence of overweight chil-
dren in our country.
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Резиме

ВЛИЈАНИЕТО НА ПАНДЕМИЈАТА НА КОВИД-19 ВРЗ ДЕТСКАТА ДЕБЕЛИНА  
ВО СЕВЕРНА МАКЕДОНИЈА: КОМПАРАТИВНА СТУДИЈА

Арјета Рауфи1, 2, Данијела Војтикив Самоиловска2, Насер Дурмиши2

1 Одделение за детски болести, Клиничка болница, Факултет за здравствени науки, Универзитет на 
Југоисточна Европа, Тетово, РС Македонија
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Детската дебелина претставува растечки глобален здравствен предизвик. Северна Македо-
нија се рангира меѓу десетте европски земји со највисока преваленција на прекумерна тежина и 
дебелина кај децата. Нашата студија имаше цел да го процени влијанието на пандемијата на КО-
ВИД-19 врз индексот на телесна маса (BMI) кај децата, преку компаративна анализа на податоци 
од пред и по пандемискиот период.

Спроведовме проспективна пресечна студија (февруари–април 2022), која опфати 1 004 деца 
на возраст од 6 до 13 години од северозападниот регион на земјата. Резултатите ги споредивме со 
податоци од 2019 година, кои вклучуваа 1 034 деца од истата возрасна група и регион.

Резултатите откриваат дека рестриктивните мерки поврзани со пандемијата придонесоа за 
зголемување на преваленцијата на прекумерна тежина од 13,5 % (2019) на 15,9 % (2022), додека 
дебелината порасна од 19,6 % на 21,9 %. Комбинираната преваленција на двете состојби се зго-
леми од 33 % на 37,4 %. Статистичката анализа потврди значајна корелација меѓу пандемијата и 
порастот на детската дебелина (хи-квадрат тест на Пирсон: X² = 13,813, df = 3, p < 0,003).

Забележавме и значајни родови разлики во податоците. Во 2019 година прекумерната тежина 
и дебелината биле 1,42 пати почести кај момчињата отколку кај девојчињата (OR = 1,42; 95 % 
CI: 1,09–1,84). Во 2022 година овој диспаритет дополнително се зголемил на 1,45 (OR = 1,45; 95 
% CI: 1,12–1,88). Паралелно, забележано е општо намалување на неухранетоста во 2022 година 
споредено со 2019 година, со особено значителен пад кај момчињата на шестгодишна возраст (p 
= 0,008) и кај машката популација генерално (p = 0,017).

Според Светската федерација за дебелина Северна Македонија до 2030 година може да 
доживееме зголемување на преваленцијата на прекумерната тежина и дебелина од 52,4 % деца, 
што значи дека 1 од 2 деца ќе биде погодено, ако не се спроведуваат ефективни стратегии за 
спречување и за управување со детската дебелина..

Клучни зборови: детска дебелина, преваленција, пандемија на Covid 19, РС Македонија


