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aged 6-9 years from 19 countries participating in the fourth round (2015-2017) of
the WHO European Childhood Obesity Surveillance Initiative (COSI). Children's par-
ents/caregivers completed food-frequency questionnaires. A multivariate multilevel
logistic regression analysis was performed and revealed wide variability among coun-
tries and within macroregions for all indicators. The percentage of children attending
rural schools ranged from 3% in Turkey to 70% in Turkmenistan. The prevalence of
less healthy eating habits was high, with between 30-80% and 30-90% children not
eating fruit or vegetables daily, respectively, and up to 45% consuming soft drinks on
>3 days a week. For less than one third of the countries, children attending rural
schools had higher odds (OR-range: 1.1-2.1) for not eating fruit or vegetables daily or
consuming soft drinks >3 days a week compared to children attending urban schools.
For the remainder of the countries no significant associations were observed.
Both population-based interventions and policy strategies are necessary to improve

access to healthy foods and increase healthy eating behaviors among children.
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1 | INTRODUCTION Surveillance Initiative (COSI) conducted in 2015-2017, 29% and 27%

of 6-9-year-old boys and girls, respectively, had overweight or obe-
Childhood obesity is a major public health challenge.® According to sity.2 These overall figures hide a great variability among countries.
the latest round of the WHO European Childhood Obesity The prevalence ranged from 9% to 43% in boys and from 5% to 43%
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in girls, respectively. Obesity is caused by multiple factors, with
unhealthy diets—particularly high consumption of fat- and sugar-rich
foods—and low levels of physical activity, the main drivers of the high
global prevalence and rising trends in childhood overweight and obe-
sity.® Dietary habits established during childhood and adolescence
tend to persist into adulthood.** Therefore, acquiring healthy dietary
habits at early ages is crucial to prevent the development of obesity
and other chronic diseases during both childhood and at later ages. A
healthy diet includes the consumption of high amounts of fruits,
vegetables, legumes, whole grains, and nuts, together with limited
consumption of total and saturated fat, and sugars.® Information on
children's eating habits and how they are distributed across different
populations is crucial to develop effective obesity prevention strategies.
In recent decades, researchers have made huge efforts to study modifi-
able factors associated with excess bodyweight in young populations.
The association between socioeconomic status (SES) and diet
quality is well documented in the literature. In high-income countries,
both adults and children with higher SES tend to have healthier diets
than those with lower SES.”~1° Furthermore, studies show differences
in obesity prevalence by urbanization levels among children younger
than 5 years and adults.'**?2 Among children, those living in urban
areas in low- and middle-income countries are taller and heavier com-
pared to those living in rural areas.*? Globally, the opposite was
observed in adults, with BMI rising at the same rate or faster in rural
areas compared to cities and a persistent higher BMI in rural areas in
high-income countries.!* Evidence available on the difference
between eating habits in urban and rural areas in adolescents and
school-aged children is scarce and inconsistent. Among adolescents,

several studies showed no differences by urbanization for fruit,*3~*°

13716 or soft drink?>1¢

vegetable, consumption. Studies in Greenlandic
or Polish adolescents observed that rural adolescents ate less fruit
compared to urban adolescents.*®” On the other hand, rural Indone-
sian 10-18-year-old males consumed more fruits and vegetables com-
pared with urban males and soft drinks were consumed less by both
rural males and females compared to their urban peers.'® For school-
aged children, a narrative review on the diet in rural versus urban chil-
dren in the United States only found few studies that investigated this
topic.l® Among these, two studies did not observe differences

between rural and urban children?®2!

and two studies reported rural
children eating fewer vegetables?? and fruit and more dairy.2®> On the
other hand, Australian preschool children from rural areas had health-
ier weight-related behaviors than their peers from urban areas.” Stud-
ies conducted in Europe have also reported inconclusive findings.
While Coli¢-Bari¢ et al.2* have observed that energy and nutrient
intakes were more adequate among urban than rural 12-year-old
Croatian children, another study conducted in a sample of Croatian
adolescents aged 12-17 years did not observe differences in total
daily energy intake and other nutritional characteristics, except for fat
intake.2> In addition, those from rural areas consumed significantly
less fast food and more fruits than those from urban areas.?® Similarly,
Lazarou and Kalavana2® found that Cypriot children aged 9-13 years
from rural areas consumed more traditional foods and were less likely

to eat fast food. Finally, a study among Italian 8-year-olds did not

observe any difference by urbanization level for fruit and vegetable
consumption.?” To the best of our knowledge, no previous studies have
investigated rural versus urban differences in primary school-aged chil-
dren's eating habits involving comparisons among countries. This study
aims to investigate urban-rural differences in frequency of fresh fruit,
vegetable, and soft drink consumption in a large sample of primary

school-aged children aged 6 to 9 years from 19 European countries.

2 | METHODS

This study used data from the fourth round of COSI conducted in
2015-2017. The COSI study routinely estimates overweight and obe-
sity prevalence of primary schoolchildren aged 6-9 years old.28%°

It allows countries to monitor the progress of the obesity epi-
demic in this population group and allows between-country compari-
sons within the WHO European Region to generate necessary
knowledge to inform policy-makers to take action to reverse the
trend.3° In addition to the anthropometric examinations, data on sim-
ple indicators of energy balance-related behaviors—including dietary
intake, physical activity, and screen time use—and of household
sociodemographic information including parental education and
urbanization level, are collected through an optional family record
form.2827:3132 This study focuses on data obtained in 19 of 23 coun-
tries that collected data on children's fresh fruit, vegetable, and soft
drink consumption: Albania, Bulgaria, Croatia, Denmark, Georgia,
Ireland, Italy, Kazakhstan, Kyrgyzstan, Latvia, Lithuania, Montenegro,
Poland, Portugal, Romania, Spain, Tajikistan, Turkey, and Turkmeni-
stan. Data from Malta, San Marino, and the Russian Federation (where
the data collection took place only in Moscow) were not included
because all children lived in areas with the same level of urbanization.
Data from Czechia were excluded because it was not possible to
determine the level of urbanization of the schools attended by chil-
dren in the study. Children were included in this study if they (a) were
6-9 years old, (b) had information on at least one of the investigated
dietary habits (i.e., consumption of fresh fruit, vegetables, and sugar-
sweetened soft drinks), and (c) had data on the level of urbanization
of the location of the schools attended by the children.

More details on data collection procedures can be found

elsewhere 28273132

21 | Sampling of children

Two-stage cluster sampling was used in most of the countries with
school as primary sampling unit and school class as the secondary
sampling unit to draw nationally representative samples of children,
with a few countries adopting a cluster design.3? Bulgaria and Ireland
followed a sentinel approach; the same schools measured in previous
rounds were included and classes were randomly selected at each site.
Lithuania followed a sentinel approach combined with the selection
of new schools by region and by level of urbanization. Further

details about the sampling characteristics have been described
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elsewhere. 2731733 All children registered in the sampled classes were
invited to take part in the study and those who had parental consent
received the family record form. Paper and online versions of the fam-
ily record form were available for completion. Each country selected

the approach that was most convenient for them.

2.2 | Measurements
221 | Urbanization level of children's residence
place and of the place where the school was located

The categorization of the “urbanization level” of the child's place of
residence was collected through the child's record form: the examiner,
together with school staff (school principal, teacher, or administrative
staff), registered this information as “urban,” “semiurban,” or “ural.”
The definition of these three categories was established at country
level (see Table 1).

Seven countries collected the urbanization level of the place
where the school was located as a proxy of the urbanization level of
children's place of residence. In order to increase the comparability
among countries, the urbanization level of the place where the school
was located was used in the statistical analysis instead of the urbani-
zation level of the children's residence place. For the purposes of this
study, a school was defined as “rural” if at least 55% of the children
from that school were residents of rural areas. Similarly, if at least
55% of children lived in “urban” or “semiurban” areas the school was
defined as an “urban” school. These percentages were calculated
including all children with a completed child's record form, regardless
of whether the information about the urbanization level of child's
place of residence was available or not. Those schools that did not
meet any of the two abovementioned definitions—because of a high
level of missing data or because the children were equally distributed
between rural and urban areas—were excluded from the analysis. In
most of the schools, the percentage of children living in areas with the
same urbanization level was much greater than the threshold of 55%
(between 80% and 100%), so the number of children resident in
places with an urbanization level different from that of the school
location was limited (Table 1). The percentage of “misclassified”
children—children who were living in rural areas but attending schools
in urban areas or vice-versa—is below 5% in all countries except
Denmark (9.5%) and Lithuania (6.4%), suggesting that children in the
age groups targeted by COSI mainly attended schools near their
home. For the purposes of this study, “urban” and “semiurban” cate-

gories were combined.

222 | Eating habits

Frequency of fresh fruit, vegetable (excluding potatoes), and soft drink
consumption during a normal week were reported by parents through
food frequency questions included in the family record form. These

food groups were selected based on the WHO recommendations for

a healthy diet, to eat a plentiful amount of fruits and vegetables and
to limit sugar-sweetened beverages.* Responses included four cate-
gories for frequency of consumption: “never or more than once a
week,” “some days (1-3 days),” “most days (4-6 days),” “every day”
(Table S1 in the supporting information). The answers were dichoto-
mized as “healthy” and “less healthy.” The “less healthy” behaviors
were as follows: not eating fresh fruit every day, not eating vegetables
every day, and consuming sugar-containing soft drinks more than

3 days per week.%3

2.2.3 | Parental educational attainment

The socioeconomic status of families was included as a confounder in
the regression models and was assessed through the parents' educa-
tional attainment which was categorized as follows: (1) low parental
education level (both parents with lower education); (2) medium
parental education level (one parent with lower education, one parent
with higher education); (3) high parental education level (both parents
with higher education). Lower education level was defined by group-
ing together the following answer options: “primary school or less,”
“secondary or high school” and “vocational school.” Higher education
level includes “undergraduate or bachelor's degree” and “master's
degree or higher”. The COSI family form asked about the education of
the respondent's caregiver and his/her partner/spouse. If the care-
giver filling in the form was not the parent, they were excluded from
the current analysis. In Bulgaria, Italy, Spain, and Turkey, education
level of the parents was gathered irrespective of who completed the
form. Finally, only children with available information on education

level of both parents were included in the analysis.

2.3 | Statistical analysis

For each country, we estimated the distribution of children by sex,
age, and urbanization level of the school location. The country-
specific percentages of having a “less healthy” behavior were esti-
mated for fresh fruit, vegetable, and soft drink consumption by the
urbanization level of the school location. To take into account the
clustering sampling design in the analysis, a design-adjusted version of
the Pearson's x2 test, the Rao-Scott method, was used to determine
the statistical significance of differences in the percentages among
children that attended urban or rural schools.

For each dietary behavior, we estimated a country-specific multi-
variate multilevel logistic regression model to examine the association
between having a “less healthy” behaviour (compared to not having it)
and the level of urbanization of the school location. The odds ratio
(OR) for attending a rural school versus an urban school was estimated,
along with its 95% confidence interval (Cl), by adjusting for children's
sex and age, parental education, and the region/administrative division
where the child lived. Further adjustment for weight status
(overweight/obesity) and family perceived wealth did not change the

models, hence it was decided not to include these in the final models.



_WI ]_Eij”f’

OBESITY

HEINEN ET AL

(senunyuo))

00

00

€1

§'6

00

12>

00
(%) U4PIIYD patIssepsI

adoing OHM/ISOD "UOI3ed0| [00YDS U} JO [9AS] UOIFEZIUECIN 10) PAIJISSE|ISIUW USJP|Iyd Jo a3ejuadiad pue A1unod yoes Aq pauljap Se seale [ednd pue ‘Uegniwas ‘UedJn Jo suoljulaq

uo1ed0| [00YIS

Uo13ed0| |00YdS

uoI3ed0]| 0025

9ouapIsal Jo aoe(d s,pjIyd

uo1e20| |00YIS

2ouapisal jo a2ed s,pjIyd

2ouapIsal Jo aoe(d s,p|iyDd

sJ2Ja. [9A3] UoKeZIUEGIN SY) YIIYM 03 Hufn

sjueligeyul 000‘0T UeY3 SS9 UM SJUSWS|1ISS IO Sealy :seade [eany
pailjdde jopN :seaJe ueqin-iwag
sjueligeyul 000‘0T ISe3) 18 YHM SJUDWS(}aS seale ueqin
:SMOJj0J s padno.8 aiam $ali0Baipd asayl “adpd ayj Jo asodind ay3 4o "sjupgoyul
000005 upy3 240w (Al pub sub}qoyul 000005 03 TO0'00T Wof (11 ‘supNqGLYUl 000'00T
031 TOO‘0T wodf (11 ‘supjigbyul 0OO‘0T Ubyl $S3f (1 :pash a1am U0IIDZIUDGIN JO S[aA3| BUIMO||of 3y |
sjueligeyul 0OG‘T UBY] SS9 JO SI91SN|D 9PISINO Seale 0] S19jal eale [eany
sjueligeyul aJow 10 QOG‘T 40 sia1sn|d uoljeindod SulAey se pauljap S| eale ueqn
‘Pajen)Is e $343USd [BIN3NI-01D0S pue Spoos3
paJnjoejnuew Jo azis |[ews Ajqesedwod e a1aym ade|d e S| UMO] ||ews,, i/ “24n3noLde
ul paAjoAul Ajpsow aue oym ‘aAl| ajdoad 0O0‘Z> 219ym ade(d e st a3e||IA,, i :seade [edny
‘aJnynoude
0] pajefaJ Sl Jey) 24NJDNUISEIUL OU SI 3JSY] ‘S13ID U "UOISaJ 9Y] JO 313UaD) 3Y3 SI I 4 AND,,
e se paulyap aq Jysiw uoneindod 0OO‘g> uoljendod e yum ade|d jeaiydes30a3 v ‘000G <
3¢ JY3IW SUSZI}D JO JSqUINU By "PAIENIS dJE S3IJUSD |BINYNI-01D0S ‘SPO0ST palnidoesnuewt
‘A13unod ay3 Jo s|ejided |euisnpul a1aym AI03LIS] e se paulysp si AD),, V :seale uequn

sjueligeyul 000 T> YHM eale apisAiunod 10 a3e||IA :seade [eany
sjuejiqeyut
000°0TS YM A31D uegangns 1o sjueliqeyul 000 T2 YIM AID Jajjews :seale ueqan-iwag
sjueligeyul 000‘0T < YUM A3 93.e| 1o AJD :seale uequn
(spjoyasnoy |ednjjnoLide-uou Jo
98ejuadiad ay) Ul passaldxa) JUsWS|1ISS JO SollsiIaIdeleyd [esjwoudolsAyd-[edi3ojoydioN
(101095 Aselnia] pue Alepuodas ay3 ul
‘@auapisal Jo ade|d J1ay) ul 3upjiom uoljeindod paAojdws Jo a3ejuadiad sy} se passaidxa)
JUSW[}ISS JO uoiduny JuswAoldws pue uoljeindod JO 91N3oNI3S JIWOUOIS-0120S °E
(SjuelIgeyul JO Jaquinu 3y} Ul PsSaIdxa) 9zIS JUSWS|1ISS 7
(UMO] BAIRJISIUILUPE JO 189S BU] SE JUSLWDJIIDS) JUSW[IISS JO SNIEIS SANRIISIUIWIPY ‘T
:SJUSWIS|IIDS UBCIN-IWS PUE [ednl ‘UegJn aulyap 03 Pash a1aMm Sa|gelieA SUlMO||o) 3y |
Jpd 29 porow
/3li3ojopojaw/uoniedlignd/AIy/ Ay szp MMM/ /:sd13Y :Wodf 3|qbJIbAY "DIIDOJ) Jo dlignday
aY3 Ul SJU3W3[333S UbGIN-ILWas pup [bnJ ‘Ubgin Jo uolibijuaiajjip ayy 4oj japow ay| ‘TT0Z
ul sBuljfam@ pub spjoyasnoH ‘uoipjndod Jo snsua) ‘s213s11b3S JO Nbaing upiIPoI) ay3 Uo pasvg
Ssjueligeyul 0OS‘S Ueyl SS9 YlIM sealy :seale [einy
pailjdde jop :seaJe ueqin-iwag
sjuejigeyul SA0Qe 10 00GE YIM Sealy :seale ueqin
S31UN [DLI0J1LI3) PUD [DLIOILISI-3AIIDAISIUILUPD JO JBIJISSDID paljiun
ay3 pup bupSIng Jo 21|gnday ay3 Jo 21N3oNJ3S |DLI0IIIIBI-2AIIDIISIUILIPD UO MD| 3Yy] UO paspg
‘[9A3] 24njonujsesul
pue Ajisuap uoljeindod Junodde 03Ul S9)E] YdIYM UOISIAIP SAIIRIISIUILPE UO paseg

seale . [einl,, pue  ‘ueqniwss,, . ‘uequn,, Jo uoiHuyaq

Vi

3l

03o

N3d

o¥d

ng
a1
Anuno)

(£1-S102) ¥ punol
T 31avl


https://www.dzs.hr/hrv/publication/metodologije/metod_67.pdf
https://www.dzs.hr/hrv/publication/metodologije/metod_67.pdf

z
Z
Z
T seaJe Sululewy :seale |edny
'SJUapISaL 0O0‘S PUe 0O0Z Usamiaq uolzeindod yum sanijedo| a1eldanul
1ey1 Jo guwny/siueligeyul 0OT ueyl Ja3ea.3d Ajisusp uoneindod yiim sesly :seade ueqin-iwasg
‘syueligeyul 000‘G Ueyl S10W YHM S313[ed0| Saje3a)ul
1eY3 Jo Zwpy/sjueliqeyul 0OS ueyl Jajeald Ajisusp uonendod e yim sealy :seale uequn
¥'e 9ouaplisal Jo ade|d s plIyd a3n113su] $211513D1S [DUOIIDN 3yl AG pasn UOIIbZ1I082)1bd Uo pasbyg
93e|IA 10 Seale [edny :seade |eany
(saueligeyul 000‘00T 01 dn) UMO] ||lewsS :seade ueqin-lwasg
v 9ouapisal Jo ade|d s plIyd (Ss1uenqeyul 000‘00T 42A0) UMO] 319 seale ueqin
YArd uol1ed0| [00Y2S uoniusp Ajsusp pue azis uonjeindod uo paseg
seale |edny :seaJte jeiny
paidde joN :sease ueqin-iwasg
SUMO] pue sa111d Jay1o ‘A1Id |elide) seale uequn
:$MOJ|0J Sb padno.B a1am $alI05aIpd asayl “Uadpd ay3 Jo asodind ay3
104 *SDaJD [DINJ (Al pUD SUMO] (11l S31312 UaY30 (11 ‘A31D [DIIdDD) - DBIY (1 :pasn aJam uoiIpziubgin
12 9ouaplisal Jo aded s plIyd Jo sjaA3] Buimojjof ay3 ‘A13unod ayj uj $alio31iia] JO UOISIAIP 3AIIDAISIUILIPD 3y} 03 BUIpI0IDY
'S9SSaUPPE JUDIBYIP Je S13[qo Og uey)y aJow ou Suirey
pue peajsswoy 3|3uls e woJ) uijeuldiio 1o Jo pasodwod Ajjensn ‘seaJe [e1uspisal pawio)
-A||ea1101S1Y 9Je SPea)SaWOoH ‘Spes1sawoy paydelap Jo ‘Umol ‘Ald e Jo sainjes) syl aAey
10U Op Jey] seade |elpuapisal ale sade||IA ‘speaisawoy pue sade||iA Sulpn|du| :seale jedny
*'SUMO] Se PaJapISuod A|[eaLiolsiy Ing ‘syueigeyul 000°‘S
0} 00G WoJ) 10 000‘T6-000°E J0 uonendod e ypm sasndwed pue SUMO] :Seale ueqin-1was
'shzanaued ‘lelnels ‘epadiepy ‘seuney|
‘(lenided) sniujiA ‘(siueligeyul aJow 10 000‘T6 Y1IM) sanid 1a331q seluenyll :seate uequn
*SpDa3sawioy payobiap pub SaBbj|IA ‘SUMO
J3|[bwis apnjaul SJUawWia(33as (DN ‘31312 apN|aUl SIUBWS[I3S UDGIN *SD3ID [DIIUBPISI [DINI
pup upgn ojul papiAlp 2ip biupnyyIT Jo dljqgnday ay Jo spaip [pRuapIsal (6T0Z ‘YTOZ ‘0TOC
9 9ouaplisal Jo ade|d s plIyd ‘b66T) SaLDPUNOG J1aY1 pup A1031IIa) 3Y] JO SHUN 2AIIDIISIUILIPD JO MD), S,DIUDNYIIT 01 BUIPI0IDY
‘uoneindod ay3 Jo jjey 3ses| Je dn ayew siaquusw Ajiwey sy} pue uoljdnpoid
> |eanynduSe ul paAojdwa asoyl Yaiym jo ajdoad Qg 3sed) 1e Jo uoljeindod e ym sajjuswe
= JO uoIsIA0Id JO [9AS] UIBLISD B paydeal Sey Jey) JUSWS|1Ias e Sl jiun |eunu/a3e||IA iseale [einy
B 211qnday zAS4AY 93 JO SMET pue uoIIN}ISU0d
o 33 Ul PauIIN0 JauuewW 3y} Ul JUSWIUISA0S-JISS [BI0] $951249X3 AJIUNWWOD |BJ0| 3Y]
0_ UDIYM Ul JUDWS[339s adAl-uequn ue se ||om se 9ouedlyiudis J213sIp pue jeuoi3as ‘uedljgndad
V.. JO A312 JO WIOJ BY3 Ul HUN [BLIOILIS}-9AIJRIISIUILPE UE S| 1IUN UeqUn/A}ID e iseale ueqin
E at 9ouaplisal Jo aded s plIyd 2l|qnday zASIAY 2y3 JO Me| SY] JSpUN 3JNJONJIS [BLIOJLIIS) PUB SAIIRIISIUILPE S} UO paseq
— sjuelgeyul 0O0‘g Uey3 SS9| YHM SJUSWS(}ISS seade [einy
- sjueligeyul 000 1Se3] 38 UM SJUSWIS|1ISS :Seale ueqan-1was
W sa131D) :seale ueqin
10 9ouaplisal Jo ade|d s plIyd ub3syypzpy| Jo 21jgnday ay3 Jo ain3oN.3s [DLIOJILIB] PUD SAIIDIISIUILUPD 3Y] UO pasbg
MA (%) Ua4p|IY2 payissepdsiin S19J3. [9A3] uoneziueqn ayl Yaiym o3 jpun seale jeind,, pue  ‘ueqiniwsas,, . ‘ueqin,, Jo uoiuyaqg
° (ponupuo?)

d0d

10d
AN

VA1

N1l

yA) |

W
Anuno)

T 31avl



HEINEN ET AL

OBESITY

_WI ]_]—:YJ7;f15

(Continued)

TABLE 1

Misclassified children® (%)

Unit to which the urbanization level refers

Definition of “urban,” “semiurban,” and “rural” areas

Country

20

Child's place of residence

Urban areas: Cities with at least 10,000 inhabitants

Semi-urban areas: Not applied

ROM

Rural areas: Areas or settlements with less than 10,000 inhabitants

0.0

The following levels of urbanization were used: (i) less than 10,000 inhabitants, (ii) from 10,001 School location

SPA

to 100,000 inhabitants, (iii) from 100,001 to 500,000 inhabitants and iv) more than 500,000

inhabitants. For the purpose of the paper, these categories were grouped as follows:

Urban areas: Settlements with at least 10,000 inhabitants

Semi-urban areas: Not applied

Rural areas: Areas or settlements with less than 10,000 inhabitants

0.8

Child's place of residence

Based on the administrative division of the territories in the country.

Urban areas: Cities and regional centers

Semi-urban areas: Not applied

TJK

Rural areas: Villages or rural areas

1.0
0.8

Child's place of residence

Based on the administrative division of the territories in the country

TKM

School location

Based on administrative considerations

TUR

?Percentage (%) of children living in areas with an urbanization level which was different from the one where the school was located.

As the urbanization variable is a school-level variable and not a child-
level variable, school was included as a random effect in all regression
models. Due to the limited number of observations, regression analyses
were not carried out for Ireland regarding soft drinks.

Differences in especially fruit and vegetable intake by season
might influence the results. Especially in low- and middle-income
countries that have a close connection to regional agricultural harvest,
food consumption at any given time may be determined in part by the
season of the year and food availability. Indeed, a systematic literature
review showed some differences in fruit and vegetable intake by sea-
son among adults.>®> Therefore, we investigated whether there was a
seasonality effect within countries. There appeared to be none, most
probably because almost all countries collected their data within a
few months and not across seasons. Hence, data collection period
was not included in the final models.

We applied sampling weights for all countries to adjust for the
sampling design, oversampling and children's nonresponse, except for
Lithuania where the analysis was unweighted. A p-value of 0.05 was
used to define statistical significance. All statistical analyses were
performed in the statistical software package Stata version 15.1
(StataCorp. 2017. Stata Statistical Software: Release 15. College
Station, TX: StataCorp LLC).

Results are presented in the tables by grouping countries in five
macroregions according to United Nations Standard Country or Area
Codes for Statistical Use.®® Northern Europe (Denmark, Ireland,
Latvia, and Lithuania); Eastern Europe (Bulgaria, Poland, and Romania);
Southern Europe (Albania, Croatia, Italy, Montenegro, Portugal, and
Spain); Central Asia (Kazakhstan, Kyrgyzstan, Tajikistan, and

Turkmenistan) and Western Asia (Georgia and Turkey).
3 | RESULTS

A total of 123,100 children from 19 countries were included in the
analysis. The number of children participating per country varied
widely, from 873 children in Ireland to 43,484 children in Italy
(Table 2).

The mean age of the children was 7 or 8 years of age and approx-
imately 50% were boys (Table 3). The percentage of children attend-
ing schools located in rural areas ranged from 3% in Turkey to 70% in
Turkmenistan (Table 3).

In most of the countries, the proportion of children attending
schools located in rural areas was less than a quarter, except for the
countries in the Central Asia macroregion where more than 50% of

children attended schools in rural areas.

3.1 | Differences in prevalence of less healthy
eating habits between children attending schools
located in rural versus urban areas

3.1.1 | Fresh fruit

The percentages of children not eating fresh fruit daily varied widely

among countries; from 29% in Italy to 85% in Kyrgyzstan for rural
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TABLE 2 Number of children and schools included in the analysis by country. COSI/WHO Europe round 4 (2015-17)

Children included in the analysis?

Children aged 6-9 years whose
parents or caregivers filled in
the family form Total

Northern Europe

DEN 957 929 837
IRE 874 873 791
LTU 3,812 3,194 2,825
LVA 5,707 5,698 4,992
Eastern Europe
BUL 3,400 3,347 3,142
POL 2,945 2,915 2,596
ROM 6,610 6,533 5,503
Southern Europe
ALB 2,527 2,281 2,131
CRO 2,651 2,631 2,482
ITA 43,696 43,484 39,946
MNE 2,736 2,711 2,562
POR 6,391 6,147 5173

SPA 10,453 10,452 9,407

Central Asia
KAZ 4311 4,130 3,340
KGZ 7,567 7,412 5,599
TJK 3,270 3,261 2,836
TKM 3,891 3,864 3,507

Western Asia

GEO 3,246 3,193 2,820
TUR 10,502 10,045 9,720
Total 125,546 123,100 110,209

With data on children's sex,
age, region of residence and
parental education

Schools with children aged 6-9
whose parents or caregivers
filled in the family form

Schools included
in the analysis®

89 86
107 107
100 87

96 96
199 196
133 132
198 198

45 45
162 162

2,373 2,373

97 97
230 224
164 164
141 141
150 148
153 153
159 159
242 242
578 576

5,416 5,386

Abbreviations: Albania (ALB); Bulgaria (BUL); Croatia (CRO); Denmark (DEN); Georgia (GEO); Ireland (IRE); Italy (ITA); Kazakhstan (KAZ); Kyrgyzstan (KGZ);
Latvia (LVA); Lithuania (LTU); Montenegro (MNE); Poland (POL); Portugal (POR); Romania (ROM); Spain (SPA); Tajikistan (TJK); Turkmenistan (TKM) and

Turkey (TUR).

2All children aged between 6 and 9 years old, with available information on the frequency of consumption of either fresh fruit, vegetables, or soft drinks

and on the urbanization level of the school location.
bSchools attended by children included in the analysis.

areas and from 27% in lItaly to 82% in Lithuania for urban areas
(Table 4).

This same wide variation was seen within the macroregions. For
the majority of countries, the percentage of children not eating fresh
fruit daily did not differ between rural versus urban areas. No differ-
ences were found for any of the countries in the Northern European
region. For the other regions, some statistically significant differences
were found. Bulgaria in the Eastern European region showed a statis-
tically significantly higher percentage of children not eating fruit daily
in rural versus urban areas. The same was observed for Albania, Italy,
and Montenegro in Southern Europe, Kazakhstan, and Kyrgyzstan in
Central Asia, and Turkey in Western Asia, all observing statistically
significant higher percentages of not eating fruit daily in rural areas

versus urban areas.

3.1.2 | Vegetables

The percentages of children not eating vegetables daily again varied
widely among countries and was higher than for not eating fresh
fruit daily for all countries except Kyrgyzstan and Tajikistan from
the Central Asian region. The percentages varied from 33% and
31% in Turkmenistan for rural and urban areas, respectively to 92%
and 91% in Spain (Table 4). This same variation was seen within
the macroregions. For two thirds of the countries, the percentage
of children not eating vegetables daily did not differ between rural
versus urban areas. No differences were found for any of the
countries in the Northern European and Central Asian region. For
the other regions, some statistically significant differences were

found. Bulgaria and Poland in the Eastern European region both
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TABLE 3 Percentage of boys, mean, and standard deviation of children's age in years and percentage of children attending schools located in

rural areas by country. COSI/WHO Europe round 4 (2015-17)

Boys (%)

Northern Europe

DEN 53.0

IRE 52.7

LTU 511

LVA 48.3
Eastern Europe

BUL 51.5

POL 50.1

ROM 49.2
Southern Europe

ALB 524

CRO 50.9

ITA 51.5

MNE 52.6

POR 50.9

SPA 50.9
Central Asia

KAZ 50.5

KGZ 50.8

TJK 51.7

TKM 49.9
Western Asia

GEO 51.2

TUR 50.8

Children's age in years
Mean (Standard deviation)

Children attending schools

in rural areas (%)

7.2(0.3) 14.7
7.1(04) 22.6
7.8(0.3) 14.0
8.3(1.0) 14.0
7.6(0.2) 214
8.4(0.2) 22.9
8.5(0.6) 44.0
8.5(0.7) 20.1
8.5(0.3) 114
8.8(0.3) 27.5
7.4(0.6) 20.1
7.5(0.6) 11.3
8.0(1.1) 19.5
9.0(0.5) 52.5
7.9 (0.7) 65.1
7.4(0.3) 69.9
7.7 (0.3) 56.6
7.6 (0.4) 304
7.5(0.4) 25

Note. For an explanation of the country abbreviations, see Table 2.

showed a statistically significant higher percentage of children not
eating vegetables daily in rural versus urban areas. The same was
observed for Montenegro and Portugal in Southern Europe, and
Turkey in Western Asia, all observing statistically significant higher
percentages of not eating vegetables daily in rural areas versus

urban areas.

3.1.3 | Softdrinks

The percentages of children consuming soft drinks more than 3 days a
week varied from under 2% in Ireland for rural and urban areas to
44% in Croatia and Tajikistan for rural areas and 45% in Tajikistan and
Turkmenistan for urban areas (Table 4). As for fruit and vegetables,
this same variation between countries was seen within the macro-
regions. For about half of the countries, the percentage of children
consuming soft drinks more than 3 days a week did not differ
between rural versus urban areas. No differences were found for any

of the countries in the Central Asian region. For the other regions,

some statistically significant differences were found, with all but one
showing a higher percentage of children consuming soft drinks more
than 3 days a week in rural areas versus urban areas: Denmark in
Northern Europe, all countries in Eastern Europe (Bulgaria, Poland,
and Romania), Albania, and Croatia in Southern Europe, and Georgia
in Western Asia. Only Portugal in Southern Europe showed a slightly
lower but statistically significant percentage of children consuming
soft drinks more than 3 days a week for rural vs urban areas (11% vs
15%, respectively; p < 0.05).

3.14 | Multivariate multilevel regression models
on eating habits by level of urbanization

Figure 1 shows the results of the multivariate multilevel regression
model investigating the association between having a less healthy
eating habit (compared to not having it) related to the level of
urbanization of the school location; random effects for schools were
included in this analysis.
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TABLE 4 Country-specific prevalence (%) of children with a “less healthy” behavior related to fresh fruit, vegetable, and soft drink
consumption by the urbanization level of the school location (rural or urban). COSI/WHO Europe round 4 (2015-17)

Not eating fresh fruit every day (%)

Not eating vegetables every day (%)

Consuming soft drinks more than 3 days a week (%)

Rural areas  Urban areas  Total  Rural areas Urban areas Total Rural areas Urban areas Total

Northern Europe

DEN? 40.1 39.9 39.9 56.6 46.2 47.7 14.7 6.7 7.9

IRE 45.8 36.9 38.9 50.5 54.9 539 0.8 1.6 14

LTU 82.9 824 82.5 86.2 86.5 86.5 12.0 9.0 9.4

LVA 79.0 76.5 76.9 82.8 82.1 82.2 13.8 11.8 12.0
Eastern Europe

BULP<Y 731 62.3 64.6 82.2 70.1 72.7 30.8 141 17.7

poL* 66.7 62.5 63.5 83.2 75.0 76.9 34.1 28.0 294

ROM¢ 60.0 56.3 57.9 714 74.3 731 215 8.1 13.9
Southern Europe

ALB?P 52.1 39.1 41.6 72.3 734 73.2 19.2 133 14.5

CRO® 70.7 65.7 66.2 84.7 83.0 83.2 441 27.5 294

ITAf 28.7 27.0 274 45.6 46.3 46.1 n.a. n.a. n.a.

MNE®f 59.8 52.9 54.3 75.7 69.0 70.3 371 31.2 324

POR*® 38.2 36.8 36.9 67.0 61.5 62.1 11.4 15.3 14.9

SPA 73.3 70.5 711 91.6 90.8 90.9 3.0 3.8 3.7
Central Asia

KAZf 72.5 60.5 66.7 70.0 69.5 69.8 235 215 225

KGZ® 84.9 76.8 82.1 68.5 70.2 69.1 29.3 26.0 28.2

TJK 68.2 624 66.5 56.3 58.2 56.9 44.1 44.8 44.3

TKM 31.3 28.1 29.9 32.6 30.9 31.9 40.9 44.9 42.6
Western Asia

GEO! 74.9 76.9 76.3 84.2 86.2 85.6 31.6 21.9 24.9

TUR®f 57.2 49.0 49.2 81.5 88.3 88.1 222 17.6 17.7

For an explanation of the country abbreviations, see Table 2.
Abbreviation: n.a., not available.

Statistically significant difference of percentages between children attending schools in urban areas and those attending schools in rural areas for
consuming soft drinks more than 3 days a week—Pearson's chi-square corrected using Rao-Scott method, p < 0.05.

bStatistically significant difference of percentages between children attending schools in urban areas and those attending schools in rural areas for not
eating fresh fruit every day—Pearson's chi-square corrected using Rao-Scott method, p < 0.001.

“Statistically significant difference of percentages between children attending schools in urban areas and those attending schools in rural areas for not
eating vegetables every day—Pearson's chi-square corrected using Rao-Scott method, p < 0.0001.

dStatistically significant difference of percentages between children attending schools in urban areas and those attending schools in rural areas for
consuming soft drinks more than 3 days a week—Pearson's chi-square corrected using Rao-Scott method, p < 0.0001.

CStatistically significant difference of percentages between children attending schools in urban areas and those attending schools in rural areas for not
eating vegetables every day—Pearson's chi-square corrected using Rao-Scott method, p < 0.001.

fStatistically significant difference of percentages between children attending schools in urban areas and those attending schools in rural areas for not
eating fresh fruit every day—Pearson's chi-square corrected using Rao-Scott method, p < 0.05.

Overall, results of the regression analysis were comparable to
analysis on the differences in percentages. For fresh fruit, no signifi-
cant associations were observed for included countries of Northern
Europe, Central Asia, and Western Asia. Only for Bulgaria in Eastern
Europe, and Albania in Southern Europe, children attending schools
located in rural areas had statistically significantly higher odds
(OR 2= 1.4) for not eating fruit daily compared to children attending
schools in urban areas. Statistically significant higher but small odds

were observed for Italy (OR < 1.1). For vegetables, no significant

associations were observed for Northern Europe and Central Asia. For
the rest, results were slightly mixed, with children in rural areas being
more likely to not eat vegetables daily compared to urban children in
Bulgaria and Poland in Eastern Europe and Italy in Southern Europe,
but statistically significantly less likely in Romania in Eastern Europe
and Turkey in Western Asia. For the remainder of the countries in
these regions, no significant associations were observed. For soft
drinks, no associations were observed for Western Asian countries

and for most other countries from the other macroregions. For
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Not eating fresh fruit every day Not eating vegetables every day Consuming soft drinks more than 3 days a week
OR (95%Cl) OR (95%Cl) OR (95%Cl)
Northern Europe
DEN — 0.82 (0.47, 1.43) —— 1.11 (0.70, 1.75) —_— 1.90 (1.13, 3.20)
IRE - 1.43 (0.86, 2.39) o 0.79 (0.50, 1.25) na.
LTU —a— 0.96 (0.74, 1.24) —— 0.99 (0.70, 1.40) ——— 1.08 (0.71, 1.65)
LVA —— 1.12 (0.87, 1.43) —.— 0.91(0.69, 1.21) —— 1.08 (0.80, 1.45)
Eastern Europe
BUL —— 1.39 (1.06, 1.84) — 1.63 (1.16, 2.30) —— 2.14 (1.38, 3.33)
POL —— 1.04 (0.79, 1.37) e 1.38 (1.01, 1.90) s 1.14 (0.90, 1.44)
ROM - 0.99 (0.83, 1.17) - 0.75 (0.62, 0.91) —— 2.07 (1.57, 2.73)
Southern Europe
ALB —a— 1.57 (1.15, 2.15) — 0.89 (0.73, 1.08) T 1.28 (0.93, 1.76)
CRO —— 1.10 (0.83, 1.45) —— 1.02 (0.71, 1.46) —— 1.68 (1.31, 2.15)
ITA - 1.08 (1.01, 1.15) ] 1.10 (1.03, 1.17) na.
MNE —m— 1.16 (0.91, 1.48) —t— 1.13(0.79, 1.61) —h— 1.04 (0.77, 1.40)
POR —— 0.93 (0.72, 1.20) T 1.15(0.89, 1.47) — 0.66 (0.47, 0.92)
SPA T 1.15 (0.91, 1.46) —— 0.95(0.71, 1.29) — 0.84 (0.52, 1.35)
Central Asia
KAZ —-— 1.48 (0.98, 2.24) —a 0.79 (0.53, 1.18) —a— 1.61(1.14, 2.28)
KGZ - 1.42 (0.88, 2.31) - 1.02 (0.74, 1.42) T 1.25(0.93, 1.67)
TIK L — 1.80 (0.81, 4.00) —_— 0.98 (0.45, 2.16) —_— 0.75 (0.36, 1.56)
TKM —T - 1.31 (0.80, 2.15) —T—— 1.18 (0.79, 1.76) =l 0.74 (0.39, 1.40)
Western Asia
GEO —a— 0.85 (0.61, 1.21) 0.70 (0.48, 1.04) —-— 1.28 (0.98, 1.67)
TUR —— 1.11 (0.83, 1.48) — 0.58 (0.38, 0.88) == 1.16 (0.82, 1.64)
T T T T T T T T T T T T | Y |
2 5 1 2 34 2 5 1 2 34 2 S5 1 2 34
FIGURE 1 Country-specific adjusted odds ratios of having a “less healthy” eating habit (compared to not having) related to the urbanization

level of the school location (rural vs. urban areas)®. COSI/WHO Europe round 4 (2015-17).

For an explanation of the country abbreviations, see Table 2.

Abbreviation: Cl, confidence interval; n.a., not available; OR, odds ratio. *Adjusted ORs and 95% Cl were estimated through a multilevel logistic
regression analysis with random effects for schools. The adjustment was carried out for children, sex, age, region of residence and parental

education.

Denmark in Northern Europe, Bulgaria and Romania in Eastern
Europe, Croatia in Southern Europe, and Kazakhstan in Central Asia,
statistically significantly higher odds were observed for children
attending rural schools consuming soft drinks more than 3 days a
week compared to children attending urban schools (OR > 1.6). Statis-

tically significant lower odds were only observed for Portugal.

4 | DISCUSSION

This paper investigated whether there were urban and rural differ-
ences in some selected indicators of eating habits in a large sample
of 123,100 children living in 19 European countries that participated
in the fourth round of COSI data collection between 2015 and 2017.
Overall, for the majority of countries included in the current analysis
no difference was observed in fresh fruit, vegetable or soft drink con-
sumption between children attending rural or urban schools. Where
differences were observed between rural and urban, the odds were
only slightly elevated or decreased. Only for Bulgaria in Eastern
Europe and Albania and ltaly in Southern Europe, children attending
schools located in rural areas were more likely to not eat fruit daily
compared to children attending schools in urban areas. For vegetable
consumption, results were slightly mixed with two countries in
Eastern Europe (Bulgaria and Poland) and one in Southern Europe
(Italy) showing that children attending schools in rural areas were
more likely to not eat vegetables daily, whereas the other country
from Eastern Europe included in this analysis (Romania) and Turkey
in Western Asia observed that children in rural schools were less
likely to not eat vegetables daily. For soft drinks, again, just a few

studies have observed higher odds for children attending rural

schools consuming more soft drinks compared to children attending
urban schools. These were Denmark in Northern Europe, Bulgaria
and Romania in Eastern Europe, Croatia in Southern Europe, and
Kazakhstan in Central Asia. Whereas children in Portuguese rural
schools were less likely to consume soft drinks on more than 3 days
a week. Overall, between 30% and 80% of primary school-aged
children did not consume fresh fruit daily, 30% to 90% did not eat
vegetables daily, and up to 45% consumed soft drinks more than
3 days a week.

There are few studies conducted in the WHO European region
on children that have investigated urban and rural differences in eat-
ing habits among primary school-aged children?*~2” and half of these
did not observe any differences by urbanization level for fruit, vegeta-
ble, or soft drink consumption.?®?” For fruit intake, results from the
literature are mixed. One U.S. study observed a lower percentage
among adolescents living in rural areas consuming the recommended
amount of fruit compared to those living in urban areas,?? but this
difference was not observed in primary school-aged children. In
contrast, a Croatian study among children and adolescents has
observed a higher percentage of energy contribution from fruit intake
in participants living in rural area versus urban areas.2> Among Austra-
lian preschoolers, 5-year-olds living in rural areas were more likely to
meet the fruit recommendation than urban children.’ Finally, five
other studies did not observe a difference for fruit intake by urbaniza-
tion level 2021242627 For yegetable intake, most studies have
observed no difference by urbanization level.”2%?225-27 Only one
study, among Croatian children and adolescents, observed that a
higher percentage of daily energy came from vegetables for students
living in rural areas versus students living in urban areas.?* For soft

drinks, again most studies showed no difference by urbanization
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level.?°72225 Only one Croatian study has observed children and
adolescents living in urban areas significantly consuming a higher
amount of soft drinks compared to students living in rural areas.?*
This was in contrast with the findings of the current study that
showed Croatian children attending a school in rural areas having
higher odds of consuming soft drinks more frequently than children at
urban schools. As all studies— but one?°—did either not include or
poorly adjusted for confounders in their analysis, comparing our
results with these studies is difficult. As most available data comes
from the United States, more studies should be conducted on
differences in eating patterns by urbanization in European children,
including qualitative studies to explore the “why.”

Globalization has led to urbanization as well as drastic changes
to the food system (i.e., all processes and infrastructure involved in
feeding a population, from farm to fork).®” One of the consequences
of this has been the “nutrition transition,” whereby traditional diets
shift to diets high in highly-processed food products and foods high
in saturated or trans fats, refined sugars, and salt, low in fiber, and
less nutrient-dense.3” This transition happened at first in industrial-
ized nations, but is currently occurring at an accelerated pace in
low- and middle-income countries.3® Furthermore, within countries
these changes have affected urban areas first, but increasingly rural
areas are also affected.*’ So, even though people in rural areas
might be more likely to grow their own food (e.g., vegetables) and
have fewer fast food outlets available, studies show that residents
of rural communities have less access to healthy food due to limited
infrastructure, types of outlets, long distances to food outlets, and
fewer healthy options.*°=%? Powell et al.** have observed that in the
United States all food store types and, in particular, chain supermar-
kets are significantly less available in rural areas. This was confirmed
in another U.S. study that showed that most stores in a rural county
were convenience stores with more unhealthy foods, and healthful
foods being more expensive than the less healthful version** A
review on food access across small food stores found that small
food stores in rural areas lacked healthy food options largely
because store owners perceived that their customers would not
purchase healthier items.*> So, it seems that rural and urban
populations might have different challenges to access healthier
foods, and hence, different strategies will be needed to address
these.*?

This study has some limitations. The food frequency question-
naire we used was designed as an easily applicable monitoring tool
to obtain an overall indication of a child's usual consumption fre-
quencies of a food group; but it has not been validated. The cross-
sectional design of this study does not allow us to make any causal
inferences. We excluded children from the analysis for whom we
had no parental education level information or only one of the par-
ents because we were unable to distinguish between children living
in single-parent households and those with missing information for
one of the parents' education level. Hence, we might have under-
estimated the associations observed in the current analysis since
children excluded may be more likely to come from more vulnerable

families. The reliance on parental reports of children's diet behaviors

may have limited accuracy and such reports are subject to measure-
ment error, recall bias, selection bias, and social desirability bias.*¢
This may have led to some degree of differential misreporting.
Furthermore, for the current analysis, each country defined urban,
semiurban and rural areas using their own national definition. In our
study most countries used measures of population size and/or
density (n = 10), administrative decisions (n = 4) or a combination of
these (n = 4) for their national definition. There is currently no

internationally accepted definition of rurality,*”

and although using
an internationally accepted definition might be more transparent
and make intercountry comparisons easier, using national definitions
could be an advantage as these are more relevant to a country and
its infrastructure, service provision, and food system. The current
study also has no data on the level of service provided in rural areas
of the countries included in the current analysis, which could have
slightly confounded the results. Finally, we used the urbanization
level of the school location instead of the children's place of resi-
dence as the latter information was not available for all included
countries. However, of the 10 studies that had information of the
child's place of residence, misclassification (children living in rural
areas but attending schools in urban areas or vice versa) was less
than 5% for eight countries and less than 10% for the other two
countries; hence, it is unlikely that our results were affected by
using the school location. This is because most primary schools tend
to enroll children to their schools within a certain catchment area or
distance to the school and, hence, most children tend to live close
to their school. The main strengths of this study include the very
large sample size of more than 123,000 children from diverse geo-
graphical areas of the WHO European Region, using country-based
sampling strategies designed to vyield nationally representative
samples and a common protocol for collecting data which allows
intercountry comparisons. Furthermore, our study has information
about relevant confounders that were included in the multivariate
analysis. This is in contrast with all previous studies on the same

topic, which, with one exception,20

were unadjusted or poorly
adjusted.??12224-27 Fyture studies should include relevant con-
founders when looking into differences in eating habits by urbaniza-
tion level, including intake of macronutrients, such as saturated or

trans-fats, and place of eating.

5 | CONCLUSION

This large study has showed that children's frequency of fruits,
vegetables, and soft drinks consumption did not differ between
children attending schools located in rural areas versus urban areas
across Europe and Central Asia. In both urban and rural areas, the
studied eating behaviors were not optimal and need improvement.
Both population-based interventions and targeted policy strategies
are necessary to improve access to healthy foods and increase
healthy eating behaviors among children, and different strategies
may be needed for urban and rural areas depending on the national

context.
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