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JaBHo 3gpasje

Abstract

Childhood obesity is growing as one of the most important public health issues that affects individual and
population health but also puts heavy burden on the health systems. It is frequently associated with immediate
adverse consequences, such as psychological problems, and a higher risk of many harmful comorbidities later
in life, such as type 2 diabetes, dyslipidemia, non-alcoholic fatty liver disease, hypertension, and coronary heart
disease. Comparability of anthropometric data is crucial to track the changes over time. The aim of this paper was
topresent prevalence of thinness, overweight, and obesity in 7-year-old schoolchildren in North Macedonia in 2010
and 2019, and the changes in their nutritional status during thatperiod. Material and methods: Anthropometric
measurements of body height and body weight were performed to the nationally representative sample of 7-year-
oldchildren in school years 2010/2011 and 2018/2019. Measurements followed the Childhood Obesity Surveillance
Initiative (COSI) protocol and data collecting procedures. In total, 2737 children (1317 girls and 1420 boys) in 2010 and
2059 children (1045 girls and 1014 boys) in 2019 were measured. WHO Growth references were used to determine
the growth and nutritional status of children. Results: The average height of children in the observed period
has increased by 17 cm, weight for 12 kg and the BMI for 03 kg/m2. As for the weight classification, thinness
prevalence is significantly increased for 0.3%. Overweight (including obesity) significantly increased (p=00377) from
344% (95% CI 326%-36.2%) in 2010 to 373% (95% CI 35.2%:-39.5%) in 2019. Obesity significantly increased (p=0.040)
from 16.3% (95% C1149%:-177%) in 2010 to 184% (95% CI 167%-20.1%) in 2019. The main driver of that increase was
the highly significant (p=0.0004) increase of almost 7% of overweight (including obesity) in girls. Conclusion: There
is unfavorable rising trend which indicates deterioration of the situation with childhood obesity in the country.
Focused and more comprehensive public health nutrition actions are needed to plateau or reverse the trends. The
childhood obesity national monitoring system is well established and should continue to beone of the key public
health monitoring systems that provide evidence for actions.
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KoHKypeHTCKHM WHTepecu: ABTOPOT M3jaByBa
JleKa HeMa KOHKYPEeHTCKHU MHTepecH.

NsBagox

[letckara fiebennHa ImpepacHyBa BO eTHO Of] HajBayKHTe jaBHO3IPABCTBEHN Mallakba KOM BIIjaaT Ha MHIIMBY-
JIYAJTHOTO 1 TIOMIY/IALMCKOTO 37IpaBje, HO 1 CIJTHO M OTTOBAPYBAAT 3APABCTBEHITE cicTeMH. ecTo e moBp3aHa
CO HETATVBHM MOCTIEJIIIM KAKO TCHXOIONIKH MPOOTIEMIH €O 3rofTeMeH PU3HK Off MHOTY JIPYTH KOMOPOUTeT!
T0JIOLHA BO JKUBOTOT KAKO IIITO ce [ujabeTec MeJIATYC TUIT 2, IMCTMITAIEMHU}A, 3aMACTYBathe Ha L[PHUOT o
Koe He e TIPe3BUKAHO Off A7TKOXOJT, XUTlepTeH31ja M KOpoHapHa OorecT Ha cpiieto. CriopeyiBOCTa Ha aHTPO-
TIOMETPUCKUTe TOJIATOLM € KITyYHa 32 Jia ce MPUKayKaT MpoMeHvTe Hi13 BpemeTo. L Ha oBoj Tpyp belrie ia ja
TIpUKaKke MpeBaJieHIjaTa Ha C/1abk, KAKO 1 Ha JIea o 3rojieMeHa TejiecHa TexkuHa 1 iedermita Bo CeBepHa
Maxkenoruja, Ha Bospact of 7 rofnu, Bo 2010 n 2019 ropmsa, Kako 1 MpoMeHNTeBO HUBHUOT HYTPUTHBEH CTa-
TYC BO T0j BpeMeHCKH riepuofi. Matepujan u Metozt: bea HarpaBeHHaHTpOTOMETPUCKUMepetba Ha TellecHaTa
BUCHHA 1 TEXXMHA Kaj HAlIMOHAIHO PeTTpe3eHTaTiBeH MPUMEPOK Ha 7-TOJMIIHY Jella BO VUMJIIIHUTE TOfMHY
2010/2011 u 2018/2019. Mepetbata 11 c/iefiea TPOLEPITE 1 TPONMIIAHKOT POTOKOT Ha VIHvIjaTiBaTa 3a
crleiere Ha JiebemHara Kaj fietjata (COSI). BxyrHo Oea m3mepern2737 netia (1317 skeHckin 1420 maiiku) Bo
2010 1 2059 zretia (1045 skerckui 1014 maruku) Bo 2019. Pecheperitire 3a pact Ha C30 Gea KOpHCTEHN 3a YTBPIY-
Balbe Ha PACTOT 1 HYTPUTMBHVIOT CTATYC Ha Jietjata. Pesymati: Buicurata Ha fietiata 3a BpeMe Ha MCIATYBAHKOT
Tieprof ce 3rofiemuia 3a 1,7 cm, TexkiHata 3a 1,2 kg, a U'TM 3a 0,3 kg/m2. Bo ojioc Ha Knacudmkarmjara Ha
TeKIHATA, [TPEBaJIeHLIMjATA Ha (Tab0CTKa] feriata HesHauajHo ropacHasta 3a 0,3%. 3ro/ieMeHata TejiecHa Texi-
Ha (BKJTyuyBajKu JiedenmHa) sHadajHo opacHaa (p=0,0377) o 34,4% (95% C1 32,6%-36,2%) Bo 2010 Ha 373% (95%
CI 35,2%-39,5%) Bo 2019. [lebermHata 3HauajHo ropacHana (p=0,040) op 16,3% (95% CI 14,9%-177%) Bo 2010 Ha
184% (95% CI 16,7%-20,1%) Bo 2019. ['naBeH [purate;t Ha Toa 3rojieMyBarbe O1la 3HauajHo 3rojieMeHara TefiecHa
TeKMHA (BKIyUyBajKi iebermaHa) off copo 7% Kaj ieBojumibata. 3akydok: [1ocTon HeroBoyIeH PacTeuku TpeH
KOj MHIMIMpa BIIONIYBarbe Ha CHTYaljaTa co JieTckata iedemna Bo 3emjara. [TotpeOH1 ce HacoueHH 1 roceorr-
(barHH jABHO3PABCTBEHH AKIMM BO MCXPAHATA Pe W CMEHU HAacoKaTa Ha TpeHIoT. CUCTEMOT Ha CIiefiethe Ha
JleTcKara JiebeyMHa BO JipyKaBaTa e Io0po BocrocTaBeH 1 Tpeba J1a MPOJIOTIKHM KaKo el Off KITyJHIITe jaBHO3-
TIPABCTBEHM CHCTEMH Ha CIiefiethe Koj 00e30e/1yBa 7I0KasH 3a MJIHHN KL



Introduction

Changes in the anthropometric
characteristics of children over time
are affected by variety of factors in-
cluding hereditary, nutritional, en-
vironmental, and societal factors.
There is an increasing evidence that
in Europe, overweight and obesity
has become more of a concern com-
paring to hunger and undernutri-
tion.! Childhood obesity is growing
as one of the most important public
health issues that affects individ-
ual andpopulation health but also
puts heavy burden on the health
systems.?? It is frequently associ-
ated with immediate adverse con-
sequences, such as psychological
problems and lower educational at-
tainment, and a higher risk of many
harmful comorbidities later in life,
such astype 2 diabetes, dyslipidemia,
non-alcoholic fatty liver disease, hy-
pertension, and coronary heart dis-
ease.*” Data from the 2416 popula-
tion-based measurement studies,
for the period 1975 - 2016, showed
that there was a rising trend in chil-
dren’s and adolescents’ BMI. In 2016,
124 million children and adolescents
aged 5-19 years were estimated to
suffer from obesity worldwide, and
213 million were overweight.8 Rising
BMI trends follow the rising height
trajectories among children and ad-
olescents in countries with devel-
oped or developing economies.’

Comparability of anthropometric
data is crucial to show the changes
over time both inside one country
and between the countries. How-
ever, in practice, comparability of
available data is often not possible,
mainly due to the difference in sam-
ple, methodology, and quality of the
obtained data.®’Lack of comparable

data between the countries of the
European Region was the reason be-
hind the establishment of the World
Health Organization (WHO)Child-
hood Obesity Surveillance Initiative
(COSI). COSI is a survey based on
nationally representative samples
that takes standardized weight and
height measurements and collects
information about school environ-
ments and dietary and physical ac-
tivity habits of the school-aged chil-
dren. The first data collection took
place during the 2007-2008 school
year, generally repeating data gath-
ering rounds every three school
years. The fifth round took place
during the 2018-2019 school year.”
COSI is now established in over 40
Member States of the WHO Europe-
an Region, with the number of coun-
tries growing with each data collec-
tion round.

Macedonia joined COSI in the sec-
ond round in2010/2011 school year
and since then it has participated in
all data collection rounds. COSI in
North Macedonia has built up onto
the already existing system of mea-
suring height and weight among the
school-aged children. Every school
year, representative samples of chil-
dren attending kindergartens, sec-
ond and fifth graders and children
attending 1st year of the secondary
school are subject to height and
weight measurements, in a coordi-
nated action of the Institute of Pub-
lic Health and the Centers of Public
Health in the country. The measure-
ments are provisioned in the Nation-
al Annual Program of Public Health
and are funded by the Government
of the country.?Experienced per-
sonnel, which annually perform the
measurements and country-wide
standardized measuring instru-



ments, were crucial for the inclusion
of North Macedonia into the COSI
monitoring system. Adjustment to
COSI system additionally required
fine tuning of the process of sam-
ple preparation and more frequent
communication with the Ministry of
Education and Science (MoES)due to
the national and regional changes of
the number of children enrolled in
schools between two rounds of data
collection.

The aim of this paper was to present
prevalence of thinness, overweight,
and obesity in 7-year-oldschoolchil-
dren in Macedonia in 2010 and 2019,
and changes of their nutritional sta-
tus during that period, by compar-
ing the data of those two rounds of
data collection.

Material and methods

The measurements of children took
place in the school premises in the
period April-May 2019. The study
protocol was approved by the Ethics
Committee of the Faculty of Medi-
cine, Ss. Cyril and Methodius Uni-
versity in Skopje (approval no. 03-
242/10 from 24.01.2019).

The target population for measure-
ments were second graders from
primary schools in the country.
For that reason, the list of prima-
ry schools with number of second
grade classes and enrolled children
in the second grade for the 2010/2011
and 2018/2019 school years were ob-
tained from the MoES. Since for the
COSI measurements we implement
the sentinel approach, which means
that the same schools are sampled in
every round data collection, here we
explain the sampling procedure for
the 2018/2019 round. The provided

list from MoESincluded 347 schools
with 1159 classes and a total num-
ber of 21292 children. We excluded 9
schools that harbored children with
either special needs or those having
problems with their behavior. Also,
we did not include children from
private primary schools in the coun-
try (n=3). Stratified two stage cluster
sampling was performed: primary
sampling units (PSU)were schools
and secondary sampling units (SSU)
were the second-grade classes. The
stratification was done according
to the territory covered by the ten
Centers of Public Health (CPH) in
North Macedonia with each center
representing one stratum. Those 10
centers are distributed over the to-
tal territory of the country covering
all statistical regions. The size of
the schools was determined accord-
ing to the number of second grade
classes. Using the probability pro-
portional to size sampling for each
stratum and considering the distri-
bution of urban and rural schools
(according to the urban and rural
distribution of population in the re-
gion covered by CPH), we performed
the circular systematic sampling for
PSUs which resulted in 112 sampled
schools in North Macedonia. To se-
lect SSUs, we implemented simple
random sampling of a total of 437
second grade classes in 112 sampled
schools, resulting in 185 classes with
3214 children selected for anthro-
pometric measurements. The same
procedure took place in the school
year 2010/2011 when 3171 children
were sampled. Selected samples of
second graders that included chil-
dren aged 6-8 were further filtered
to include only 7- year-old children
(7.00-7.99), according to the COSI
age differentiation.”® With this, the



final sample included 2737 children
(1317 girls and 1420 boys) in 2010 and
2059 children aged 7 (1045 girls and
1014 boys) in 2019. Twelve children
were excluded from the analysis due
to the calculated values of BMI-for-
age z-score that were higher than +5
standard deviations (SD).

Anthropometric measurements of
body height and body weight were
performed according to the COSI
protocol and data collection proce-
dures. Passive consent (measure-
ment done if no objection from the
parents/guardians was filed) was in
place for the measurements in 2010
and active consent (informed writ-
ten consent from parents/guardians
had to be obtained before the mea-
surement) for 2019 data collection.
Parents/guardians were contacted
by the teachers who sent them the
consent forms together with the
family form, one of the three forms
used in COSI. After receiving the
signed consent form and filled in
family form, the children were mea-
sured and data was registered into
the child form. The third form about
the school nutrition environment or
the school form, was filled in by the
responsible person in school (teach-
er, principal etc.). Anthropometric
measurements were done by trained

teams from CPHs which consisted
of a medical doctor and a nurse or
technician. Methodology of mea-
surements has been described else-
where." Children were asked to take
off their shoes as well as all heavy
clothing (coats, sweaters, jack-
ets, etc.) and to remove items such
as wallets, mobile phones or key
chains. Body weight was measured
to the nearest 0.1 kg with portable
digital scales (SECA 881U), and body
height was measured with stadiom-
eters (SECA 217) to the nearest 0.1
cm. Team from the Institute of Pub-
lic Health verified the completeness
of forms and quality of data before
data processing.

Data anonymization was done at
the point of data entry. Excel forms
were used for data entry in 2010 and
in 2019 the OpenClinica online form
was used, according to the COSI
manual for that process.” The exact
age of each child was calculated by
subtracting the birth date from the
measurement date, then variables
with age in months and years were
created. Body mass index (BMI) was
calculated using height and weight
of children (kg/m?). Thinness, over-
weight, and obesity were classified
according to the WHO growth refer-
ences!®! (Table 1).

Table 1: Definitions for thinness, overweight and obesity according to WHO growth

references (BMI-for-age index)

Overweight

Thinness

<2SD >1SD and <2 SD

Obesity Severe obesity

>2SDand <3SD >3SD

Continuous variables are presented
with mean and standard errors and
weight classifications with percent-
ages and 95% confidence intervals
(95% CI). The t-test was used for con-

+

tinuous variables, and Pearson’s chi
square test for categorical variables,
to test gender and time differences
between 2010 and 2019. All differ-
ences were considered significant



at p<0.05.SPSS statistical software
(v.23, IBM) was used for statistical
analyses and determination of sig-
nificance.

Results

Anthropometric variables of 7-year-
old children in North Macedonia
have significantly changed over the
2010-2019 period. As presented in Ta-

ble 2, the average height of children
increased by 1.7 cm, weight for 1.2
kg and the BMI for 0.3 kg/m?. Larg-
er margins of change were observed
in girls whose height increased by
1.9 cm, weight by 1.6 kg and BMI by
0.6 kg/m?. In boys, height increased
by 1.5 cm and weight by 0.7 kg. The
only insignificant change over the
observed period was the boy’s BMI
which changed by only 0.1 kg/m?.

Table 2: Anthropometric variables in 7-year-old schoolchildren

All children Girls Boys
2010 mean 2019 mean 2010 mean 2019 mean 2010 mean 2019 mean
(SE) (SE) (SE) (SE) (SE) (SE)
Height (cm) 1%0.‘132)- 7 12(&;1)“ 1262(0.18) 12(0‘f1-9)1T 1272(0.17) 12(0*_‘2b)”
Weight (kg) 27.6(0.13) | 28.81(0.15) | 27.1(0.18) | 28.71(0.22) | 28.1(0.17) | 2 ?o.'zf)”
BMI 170 (0.06) | 17.31(0.07) | 16.8(0.08) | 1741 (0.10) | 17.2(0.08) | 17.3* (0.09)

SE = Standard Error
fsignificant change compared to 2010 (p<0.05)
*not significant change compared to 2010(p=0.663)

The classification of the weight sta-
tus of the children was done by us-
ing the BMI-for-age index according
to the WHO child growth referenc-
es. As presented in Table 1, the de-
fined difference of the observed val-
ues from the mean, presented as

standard deviation, is main deter-
mination measure for classification
of the child as overweight or obese.
Prevalence of thinness, overweight,
obesity and severe obesity in 7-year-
old school children for 2010 and 2019
is presented in Table 3.

Table 3: Weight classification in 7-year-old schoolchildren

All children Girls Boys
% 2010 %2019 (95% Total trend %2010 %2019 Girls trend %2010 %2019 Boys trend
(95% CI) CI) (p value) (95% CI) (95% CI) (p value) (95% CI) (95% CI) (p value)
Thinness 15(1-19) | 1.8(1.2-2.4) 0.346 14(0.82.1) | 1.8(127) 0.470 15 ) 1()0'8' 18 ) 7()0'9' 0.547
0 ioht* 344 (326- | 373 (35.2- 0,038 309 (283|378 (348 (000, | 377 (351 (3 363 '8? 0.670
Verweig 36.2) 39.5) : 33.4) 40.8) - 40.3) 399) -
. 163 (149- [ 184 (16.7- 129 (1-|161 (13.8- 195 (174- |2 0 . 8
*%
Obesity 177) 20.1) 0.040 147) 18.3) 0.158 ns) | as32s4| 018
Severe obesity | 57(4866 | 59(497) 0.754 3.1(2.1-4.1) | 44(315.7) 0.098 8.1 9 6()6'6' = 9 1()58 0.567

*% of overweight includes % of obesity and % of severe obesity
**% of obesity includes % of severe obesity



As presented there, thinness in-
creased by 0.3%in all children over
the observed period, with slight-
ly higher growth in girls, but that
change was low and statistically not
significant. On the other hand, over-
weight and obesity among all children
significantly increased (overweight by
almost 3% and obesity by 2.1%). The
main driver of that increase, both for
overweight and obesity, was the high-
ly significant (p=0.0004) increase of
almost 7% of overweight among girls.
Overweight among boys had insig-
nificantly decreased by less than 1%.
That is also the case for severe obesi-
ty among boys. There was increase in
obesity among boys and both obesity
and severe obesity among girls, with
the largest change by 3.1% of obesity
in girls.

Discussion

Beside the regular measurement of
the nutritional status of school chil-
dren in the frames of COSI, there is
not much data based on measured
values for the weight status of chil-
dren in North Macedonia. Our paper
focuses on the change of prevalence
of overweight and obesity compar-
ing two time points, showing that
both overweight and obesity are
more prevalent among Macedo-
nian 7-year-old school children in
2019 compared to 2010. Thus, it has
shown the worsening of the situa-
tion. Our previous paper that com-
pared the changes between 2010 and
2013 COSI rounds showed that prev-
alence of overweight and obesity de-
creased in the observed period.’®

Considering available COSI data in
Europe, there is a general conclusion
that the prevalence of overweight
and obesity is higher in Southern and

6

lower in Northern Europe. Our data
showed that in 2019 survey round,
prevalence of overweight (including
obesity) in North Macedonia was over
35%. The latest available comparable
data for all COSI participating coun-
tries (from 2016 round)showed that
the prevalence among 7-year-old chil-
dren in North Macedonia was similar
to the prevalence observed in Monte-
negro, Croatia, Serbia, Portugal and
Poland (between 30% and 35%)."°

Trends of overweight and obesity
have been analyzed in several coun-
tries in Europe and there are coun-
tries where trends are either decreas-
ing or plateauing in the observed
periods. Italy, Hungary, Sweden, Por-
tugal and Ireland are some of the
countries which showed stabiliza-
tion or reduction in the prevalence
of overweight and obesity.?*?* Gender
differences indicate that in North
Macedonia overweight and obesity
are more prevalent among boys than
among girls, which is similar to most
of the countries in the region.?>?
However, it is obvious from our data
that the girl’s overweight and obesity
were more significantly growing over
the observed period. Although not
examined in our paper, this puts dif-
ferent light on the issue as research
suggests that gender differences in-
fluence the socio-economic gradient,
particularly among girls.?® Prevalence
of severe obesity among 7-year-olds is
also worsening in girls and improving
in boys. However, this remains to be
a significant concern since previous
research showed that severe obesity
among children in North Macedonia
was one of the highest in Europe.?
Our research has shown that overall
situation about the childhood obesi-
ty in the country is not favorable and
bold steps are needed for the situation



to be improved. Several initiatives
and actions have been undertaken in
the observed period focusing both on
nutrition of general population and
children. The first population-based
nutrition guidelines in the country
that provide recommendations for
nutrition of adults and children above
2 years of age has been adopted by
the Government.°Additionally, stan-
dards for meals in kindergartens and
primary schools, along with the guid-
ance for its implementation, have
been adopted in the form of by-law,
meaning that they are obligatory for
implementation by the schools and
kindergartens.>3? As our data sug-
gests, those actions are not enough,
and further population-based mea-
sures are needed. Some of the mea-
sures may include implementing
comprehensive programmes that
promote the intake of healthy foods
and reduce the intake of foods high in
salt, sugar and fats and sugar sweet-
ened beverages by children. Pro-
grams that promote physical activity
and reduce sedentary behaviours in
children should also be considered.
Children’s exposure to advertising
practices that promote foods high in
calories and low in nutritional value
is the latest challenge and appropri-
ate attention should be given to this
issue when shaping measures target-
ing childhood obesity. Investments in
public health nutrition are one of the
most cost-effective and the decision
makers should consider that when
prioritizing public health actions.?

Conclusions

Childhood obesity becomes one of
the most important health con-
cerns in North Macedonia. Over the
observed period there has been an

unfavorable rising trend which indi-
cates deterioration of the situation.
Some steps have been undertaken
to tackle the situation in a form of
guidelines and rulebooks, but bold-
er and more comprehensive public
health nutrition actions are need-
ed to plateau or reverse the trends.
The childhood obesity monitoring
system in the country, which is part
of COSI Europe, is well established
and should continue to be strength-
en and supported as one of the key
public health monitoring systems
that provide evidence for actions.
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