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lacked standardized and objectively measured data across national contexts to assess

these differences. This study provides a cross-sectional picture of the association
between SES and childhood overweight and obesity, based on data from 123,487
children aged 6-9 years in 24 countries in the World Health Organization (WHO)
European region. Overall, associations were found between overweight/obesity and
the three SES indicators used (parental education, parental employment status, and
family-perceived wealth). Our results showed an inverse relationship between the
prevalence of childhood overweight/obesity and parental education in high-income
countries, whereas the opposite relationship was observed in most of the middle-
income countries. The same applied to family-perceived wealth, although parental
employment status appeared to be less associated with overweight and obesity or
not associated at all. This paper highlights the need for close attention to context

when designing interventions, as the association between SES and childhood
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1 | INTRODUCTION

Childhood obesity presents a significant and complex global health
challenge. Its causes are multifactorial driven by environmental factors
including commercial and political actions, as well as social, biological,
and genetic factors. There is increasing awareness of the role of
obesogenic environments—“the sum of influences that the surround-
ings, opportunities or conditions of life have on promoting obesity in

individuals or populations”!

—in driving the rising prevalence of child-
hood obesity, as well as inequalities in exposure to these factors
within and across populations.2® Poverty is known to have significant
impacts on child health and well-being, and the resulting food insecu-
rity can be associated with both undernutrition and overnutrition in
countries at different stages of economic development.”

Overweight and obesity in children are important health prob-
lems due to their association with a range of serious short- and
long-term complications.® Research shows that children with over-
weight and obesity are very likely to maintain their weight status in
adult life,”® leading to an increased risk of morbidity and premature
mortality from noncommunicable diseases (NCDs) in childhood and
adulthood.”"*? In addition to these delayed consequences of excess
body weight, children also suffer from immediate consequences,
such as stigmatization, bullying in school, social exclusion, low self-
esteem, and body image dissatisfaction.'> 1> Additionally, childhood
and adolescent obesity has been repeatedly linked to depression
and depressive symptoms.*®

A pooled analysis of the NCD risk factor collaboration estimated
that the number of children and adolescents aged 5-19 years with
overweight worldwide to be approximately 75 (95% credible interval
[Crl] 44-117) million among girls and 117 (95% Crl 70-178) million
among boys in 2016. Meanwhile, the number of children with obesity
was estimated at 50 (95% Crl 24-89) million among girls and 74 (95%
Crl 39-125) million among boys.'” In the same analysis, the authors
mention that the previously observed trend of increasing childhood
overweight and obesity in many high-income countries (HICs) appears
to have plateaued. At the same time, numerous studies indicate that
children in lower socioeconomic groups within these countries have
not benefited from the stabilization of the trend, suggesting growing
disparities in prevalence between socioeconomic groups.w'21 World-
wide, most studies that have detected inequalities in childhood obe-
sity prevalence due to socioeconomic status (SES) show an increase in
inequalities after 2000.22

The World Health Organization (WHO) describes the social deter-
minants of health as “The conditions in which people are born, grow,

overweight and obesity varies by country economic development. Population-based
interventions have an important role to play, but policies that target specific SES

groups are also needed to address inequalities.

children, obesity, overweight, socioeconomic status

live, work and age.”23 These conditions affect health across the life-
course via three related mechanisms.?* Firstly, a lower SES is thought
to expose an individual to long periods of psychosocial stress, which is
known to be damaging to health through hormonal and nervous sys-
tem reactions. Secondly, people with lower SES are more prone to
exposure to risk factors such as tobacco use, air pollution, poor nutri-
tion, and (in certain contexts) sedentary behaviors.2>2¢ Finally, chil-
dren born into families with lower SES are more likely to be exposed
to factors such as poor maternal health in utero, as well as early-life
influences such as early cessation of breastfeeding and earlier intro-
duction of foods and drinks high in fat, salt, and/or sugar.27'28 These
associations are evidently at play in the case of childhood overweight
and obesity, which research has repeatedly linked to parental body
weight, parental education, family income, and sociodemographic
factors.27-34

Globally, SES is negatively associated with childhood overweight
and obesity in the majority of HICs. Hence, the lower a child's SES,
the more likely they are to suffer from obesity.?2 However, in low-
income countries (LICs) and low-middle-income countries (LMICs), it
is still more likely to observe overweight and obesity among children
in families with higher SES.3>3¢ LICs and LMICs may also bear a “dou-
ble burden” of increasing childhood overweight and obesity, coupled
with the persistence of childhood undernutrition.3”

From a regional perspective, data analyzed by Knai et al. from
22 European countries between 1990 and 2005 suggested that
greater inequality in household income was positively associated with
self-reported and measured child overweight prevalence.®® Studies
from the United States have also suggested that childhood obesity
prevalence is inversely associated with income and education,
although patterns might differ between children and adolescents.3?4!
However, in previous studies, SES indicators were defined in different
ways including measures of parental education, parental occupation,
family income, composite SES measures, and neighborhood-level SES
indicators.3®4243 These studies often relied on self-reported anthro-
pometric measures rather than standardized measurements.

Pooled results from the WHO European Childhood Obesity
Surveillance Initiative (COSI) fourth round (2015-2017) indicated that
28.7% of boys and 26.5% of girls aged 7-9 years had overweight
(including obesity) and 12.5% of boys and 9.0% of girls had obesity
according to the WHO growth reference curves.** Data collected in
COSiI first round (2008-2009) in five European countries were ana-
lyzed in terms of SES, showing heterogeneity in the association
between parental socioeconomic indicators and childhood overweight

or obesity.*
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This study aims to examine associations between the SES
indicators parental education, parental employment status and family-
perceived wealth, and objectively measured weight status among
6- to 9-year-old children from nationally representative samples from

24 countries within the WHO European Region.

2 | METHODS

In 2015-2017, the fourth round of COSI data collection took place in
36 countries belonging to the WHO European Region. Of these coun-
tries, 24 collected information on family SES via the optional COSI
family form administered to parents/caregivers and were included in
this analysis (namely, Albania, Bulgaria, Croatia, Czechia, Denmark,
France, Georgia, Ireland, ltaly, Kazakhstan, Kyrgyzstan, Lithuania,
Latvia, Malta, Montenegro, Poland, Portugal, Romania, Russian Feder-
ation [only Moscow City], San Marino, Spain, Tajikistan, Turkey, and
Turkmenistan). The study was carried out following a common proto-
col.*¢ Nationally representative samples of children were drawn in all
countries except for the Russian Federation, where data collection
was carried out only in the city of Moscow. In Malta and San Marino,
all children in the targeted age group were invited to participate in the
study. The children were enrolled in the study through the school sys-
tem (i.e., primary schools) in all countries except Czechia, where the
enrolment setting was pediatric clinics. A detailed description of COSI
study characteristics, including its implementation in 2015-2017, is
provided elsewhere.*”

21 | Classification of children's weight status

The classification of children's weight status was based on the 2007
WHO recommended growth reference for school-aged children and
adolescents.*®**’ The WHO 2007 cut-offs were used to compute
BMI-for-age Z-scores and to estimate prevalence of overweight/
obesity. According to the WHO definitions, overweight and obesity
are defined as a BMI-for-age value >+1 Z-score and >+2 Z-scores,
respectively. Moreover, the estimated prevalence of overweight
includes children with obesity.*® Children with a biologically implausi-
ble (or extreme) BMI-for-age value were excluded from the analysis
(values below —5 or above +5 Z-scores relative to the 2007 WHO

growth reference median).>®

2.2 | Family SES variables
We assessed family SES according to three variables: parental educa-
tion, parental employment, and family-perceived wealth.

The COSI optional family record form included an item on the
education and employment of the responding caregiver and his/her
partner/spouse. Therefore, the information about parental education
and employment was available only if the family form was completed

by the mother or the father. In Bulgaria, Czechia, Italy, Malta, San

Marino, Spain, and Turkey, data on education level and employment
status specifically of the parents were gathered, regardless of which
caregiver completed the questionnaire. Because information on family
composition was not gathered in the fourth round of COSI, it was not
possible to identify children living in a single-parent family nor to
properly classify the educational attainment and the employment
status of their parent. These children were thus excluded from the
analysis, which focused on children living in a traditional two-parent
family structure.

Three categories of parental education were then created: (1) low
parental education (both parents with lower education); (2) medium
parental education (one parent with lower education, one parent with
higher education); (3) high parental education (both parents with
higher education). We described parents as having “lower education”
if they reported their educational attainment as “primary school or
less,” “secondary or high school,” or ‘“vocational school.” We
described parents as having “higher education” if they reported their
educational attainment as “undergraduate or bachelor's degree” and
“master's degree or higher.”

We created two categories for parental employment status:
(1) low parental employment (one or more parent(s) unemployed or
economically inactive, i.e., not working at all and neither available nor
looking for work); (2) high parental employment (both parents
employed). Parents were classified as “employed,” “unemployed,” or
“inactive” based on the following answer options from the optional
family record form: “employed” comprises the answers “government
employed,” “nongovernment employed,” and “self-employed”;
“unemployed” is indicated by the answer “unemployed- able to
work™; and “inactive” comprises the answers “unemployed unable to
work,” “student,” “homemaker,” and “retired.”

We generated three categories to describe family-perceived
wealth: (1) low family-perceived wealth (those who had trouble meet-
ing the end of the month with their own earnings); (2) medium family-
perceived wealth (those who met the end of the month with their
own earnings without serious problems); (3) high family-perceived
wealth (those who easily met the end of the month with their own
earnings).

For the purpose of this paper, the following inclusion criteria were
applied: (i) children aged between 6 and 9 years; (ii) children with
available information on body weight, height, sex, and age;
(iii) children with available information on education or employment
status of both parents.

2.3 | Data analysis
The prevalence values of overweight and obesity were estimated at
the country level. Differences across SES categories were tested using
the Pearson's y2 test corrected using the Rao-Scott method.>!

A multivariate multilevel logistic regression analysis was carried
out to estimate the odds ratios (ORs) and their 95% confidence inter-
vals (Cls) of having overweight (compared with having normal weight

or thinness) for parental education (reference category: high parental
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education), family-perceived wealth (reference category: high per-
ceived wealth), and parental employment (reference category: high
employment). The ORs were estimated adjusting for the child's sex
and age, the degree of urbanization of the child's residence or school
(urban versus rural), and the region/administrative division of the
family's place of residence. The categorization of urbanization has
been described elsewhere.>> A model was estimated for each country
included in the analysis. All models included random effects for pri-
mary schools attended by children to consider the clustered structure
of the data. For Czechia's models, random effects for paediatric clinics
where children were enrolled were used instead of primary schools. In
the multivariate regression analysis, children with a missing value for
any of the covariates were excluded. Sex-stratified models were also
estimated for all countries.

The same regression analysis was carried out for obesity. More
specifically, country-specific models for having obesity compared with
having normal weight or thinness were estimated for all countries but
Czechia, Denmark, Ireland, San Marino, and Tajikistan where the lim-
ited number of children with obesity did not allow reliable results.
Sex-stratified models were estimated as well.

Both descriptive and regression analyses showed a high level of
heterogeneity among countries in terms of the direction and magni-
tude of the association between overweight/obesity and SES vari-
ables. For this reason, we did not carry out any analysis pooling
together data from different countries.

Sampling weights to adjust for the sampling design, oversampling,
and nonresponse at the child level*” were used in all analyses. For
Lithuania, an unweighted analysis was carried out because sampling
weights were not available. All analyses took account of the cluster
sample design. All statistical analyses were performed in the statistical
software package Stata version 15.1 (StataCorp LLC, College Station,
TX, USA).

The results are presented in the tables by grouping countries in
six macroregions according to United Nations “Standard Country or
Area Codes for Statistical Use”>%: Northern Europe, Western Europe,
Eastern Europe, Southern Europe, Central Asia, and Western Asia.
The World Bank classification of countries by income was also used
to report and discuss results.>* Countries were classified considering
the year of the data collection in the following groups: HICs—Czechia,
Croatia, Denmark, France, lIreland, Italy, Lithuania, Latvia, Malta,
Poland, Portugal, San Marino, and Spain; upper middle-income coun-
tries (UMICs)—Albania, Bulgaria, Kazakhstan, Montenegro, Romania,
Russian Federation, Turkmenistan, and Turkey; and LMICs—

Kyrgyzstan, Georgia and Tajikistan.

3 | RESULTS

The initial sample included 152,748 children aged 6-9 years who
were present on the day of the measurements and who had complete
information on age, sex, and anthropometric measures. Overall, 89.5%
of these children returned a filled out COSI family form, giving a total
of 136,667 children. We excluded those children with missing

information on all three SES indicators and ran the descriptive analysis
on the remaining 123,487 children. The main reason for exclusion of
children was the unavailability of information about parental educa-
tion and/or employment of one of their parents. The subgroup of chil-
dren without any missing values for all the variables used for the
multivariate analyses included in total 116,575. More details are pro-
vided in Table 1.

In Table 2, the percentage of boys, children's age (mean and stan-
dard deviation [SD]) and percentage of children having overweight
and obesity according to the WHO growth reference are reported by
country. The table also shows how children were distributed by
parental education level, parental employment status, and family-
perceived wealth at the country level.

3.1 | Prevalence of overweight and obesity in
children with low and high level of family SES

As shown in Figure 1A, in European HICs, the prevalence of over-
weight was higher among children whose parents had lower educa-
tion status relative to children with high parental education
(Figure 1A). The opposite situation emerged in most of the UMICs
and LMICs, especially in Albania where children from families with
high parental education had twice the prevalence of overweight than
their peers with lower parental education.

Data showed a similar pattern when considering the level of
family-perceived wealth, although the relationship was generally not
as strong.

When comparing overweight prevalence among children with dif-
ferent levels of parental employment, no or very limited difference
was observed in most of the countries, especially in HICs. Having both
parents who were employed or self-employed was associated with
higher level of overweight in Albania, Bulgaria, Georgia, Montenegro,
Romania, and Turkey.

The patterns between SES and obesity were similar to those
observed with SES and overweight. However, the association
between parental education and obesity was stronger than the associ-
ation between parental education and overweight. In seven European
HICs, the obesity prevalence among children with low parental educa-
tion was around twice of which was observed among children with

high parental education.

3.2 | Adjusted ORs for having overweight or
obesity related to family SES

3.21 | Parental education

The multivariate regression analysis confirmed the inverse association
between parental education and childhood overweight in the
European HICs (Figure 2). The strongest associations between having

overweight and low parental education relative to peers with high

parental education were observed in France (OR: 1.78; 95% ClI:
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TABLE 1
(2015-17)
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Children included in the analysis and availability of information on SES variables by country, COSI/WHO Europe Round 4

6- to 9-year-old children with available
information on weight status®

Children included in the analysis®

Country

Total

Northern Europe

DEN 2,697
IRE 2,200
LTU 3,820
LVA 6,407
Eastern Europe
BUL 3,386
CZH 1,689
POL 3,338
ROM 7,304
RUS 3,026
Western Europe
FRA 5,345

Southern Europe

ALB
CRO
ITA
MAT
MNE
POR
SMR
SPA
Central Asia
KAZ
KGZ
TJK
TKM

6,422
2,724
44,363
3,949
3,423
6,862
311
10,874

4,821
7,836
3,179
3,909

Western Asia

GEO
TUR
Total

3,327
11,536
152,748

Excluded from the analysis

because of
Missing
information
No family on all SES
form filled in  variables
1,743 79
1,327 70
314 345
703 635
0 183
290 64
396 289
847 845
978 165
31 836
3,898 340
78 131
891 3,374
790 360
698 123
479 928
5 17
443 696
520 709
419 1,750
40 331
60 360
95 294
1,036 256
16,081 13,180

Total

875
803
3,161
5,069

3,203
1,335
2,653
5,612
1,883

4,478

2,184
2,515
40,098
2,799
2,602
5,455
289
9,735

3,592
5,667
2,808
3,489

2,938
10,244
123,487

Without information on

Parental Parental
education employment

13
4 13
47 154
74 127
32 58
11 40
36 82
170 253
n.a n.a.
441 156
45 92
24 61
0 n.c
62 89
35 95
105 137
0 n.c.
348 363
92 190
86 143
45 101
0 n.c.
57 97
96 345
1,819 2,609

Family-perceived
wealth®

n.c.
53
29

51
40
51
154

n.c.

38

17

1,482
n.c.

39

153

347

82
26
113
77

49
113
2,922

With complete information
on all SES variables

853
786
2,928
4,850

3,077
1,251
2,499
5,108
1,883

3,881

2,020
2,418
38,616
2,648
2,451
5,099
281
8,771

3,265
5421
2,578
3,412

2,754
9,725
116,575

Abbreviations: COSI, Childhood Obesity Surveillance Initiative; n.a., not available; n.c., not collected; SES, socioeconomic status; WHO, World Health

Organization.

Country abbreviations: ALB, Albania; BUL, Bulgaria; CRO, Croatia; CZH, Czechia; DEN, Denmark; FRA, France; GEO, Georgia; IRE, Ireland; ITA, Italy; KAZ,
Kazakhstan; KGZ, Kyrgyzstan; LTU, Lithuania; LVA, Latvia; MAT, Malta; MNE, Montenegro; POL, Poland; POR, Portugal; ROM, Romania; RUS, Moscow
City Russian Federation; SMR, San Marino; SPA, Spain; TJK, Tajikistan; TKM, Turkmenistan; TUR, Turkey.
2Children with available information on sex, age, body weight, and height and without implausible or extreme value of the BMI Z-score.
bChildren aged between 6 and 9 years with available information on their weight status and on education or employment status of both parents.
“Family-perceived wealth—how the family met the end of the month with earnings at its disposal.
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TABLE 2

Percentage of boys, children's age (mean and SD), percentage of children with overweight and obesity according to WHO

definition, parental education level, parental employment status, and family-perceived wealth (i.e., how the family met the end of the month with

earnings at its disposal) by country, COSI/WHO Europe round 4 (2015-17)

Children's weight

. status (%)
Boys Age in years

(%) mean (SD) Overweight  Obesity
Northern Europe
DEN 52.8 7.3(0.4) 13.9 29
IRE 522 7.8(1.2) 20.2 52
LTU 50.4 7.8(0.3) 26.1 10.5
LVA 48.3 8.3(1.0) 249 8.1
Eastern Europe
BUL 514 7.6 (0.2) 29.5 13.7
CZH 50.7 7.0(0.2) 20.8 6.9
POL 50.0 8.4(0.2) 30.6 12.8
ROM 49.1 8.5(0.6) 28.0 11.2
RUS 49.7 7.4 (0.4) 250 9.0
Western Europe
FRA 49.6 8.2(0.7) 20.7 6.2
Southern Europe
ALB 52.3 8.5(0.6) 25.0 10.0
CRO 50.9 8.5(0.3) 331 13.3
ITA 51.4 8.8(0.3) 39.3 16.8
MAT 50.0 7.8(0.3) 35.3 17.0
MNE 52.7 7.4 (0.6) 33.0 12.7
POR 50.7 7.5(0.6) 30.7 11.6
SMR 45.0 8.8 (0.3) 32.8 12.3
SPA 50.9 8.0(1.1) 40.5 17.4
Central Asia
KAZ 50.4 9.0(0.5) 18.7 5.6
KGz 50.5 7.9 (0.7) 9.7 2.6
TJK 51.7 7.4(0.3) 77 1.5
TKM 49.8 7.7 (0.3) 11.8 3.1
Western Asia
GEO 511 7.6 (0.4) 245 8.7
TUR 50.9 7.5(0.4) 26.1 10.7

Note. For an explanation of the country abbreviations, see Table 1

Parental

employment Family-perceived wealth

Parental education (%) (%) (%)
Low Medium High Low High Low Medium  High
339 316 34.5 153 847 8.6 357 55.7
28.6 28.2 43.2 36.0 64.0 n.a. n.a. n.a.
360 303 337 223 777 205 460 33.5
325 317 358 224 776 203 599 19.8
56.7 21.0 223 296 704 315 516 16.9
643 212 145 244 756 131 507 36.2
332 264 40.5 255 745 152 595 25.3
583 147 271 36,6 634 254 446 30.1
n.a. n.a. n.a. n.a. na. 101 409 49.0
23.3 29.7 47.0 26.8 73.2 n.a. n.a. n.a.
695 110 195 429 571 293 287 42.0
605 224 171 285 716 210 499 29.1
698 183 12.0 n.a. na. 495 406 9.9
58.5 22.7 18.8 37.0 63.0 n.a. n.a. n.a.
629 220 151 421 579 265 478 25.7
657 19.7 146 264 73.6 323 429 24.8
616 253 13.2 n.a. na. 354 527 11.9
445 279 277 415 585 179 380 44.1
469 25.0 28.1 457 543 338 309 35.3
610 200 190 676 324 445 203 35.3
732 213 55 740 260 452 227 32.2
834 129 3.7 n.a. n.a. 7.6 321 60.4
58.7 152 261 406 594 265 379 35.7
775 126 100 846 154 417 33.0 25.3

Abbreviations: COSI, Childhood Obesity Surveillance Initiative; n.a., not available; SD, standard deviation; SES, socioeconomic status; WHO, World Health

Organization.

1.36-2.32), Czechia (OR: 1.59; 95% Cl: 1.00-2.54), Denmark (OR:
1.57; 95% Cl: 0.95-2.60), Ireland (OR: 1.56; 95% Cl: 1.00-2.43), and
Portugal (OR: 1.53; 95% CI: 1.21-1.93). In contrast, a positive
association—that is, the lower the parental education, the lower the
likelihood for children having overweight—was estimated in Albania
(OR: 0.46; 95% Cl: 0.34-0.62), Georgia (OR: 0.77; 95% CI: 0.60-0.98),
Romania (OR: 0.79; 95% Cl: 0.64-0.97), and Kyrgyzstan (OR: 0.83;
95% Cl: 0.63-1.10); while no association emerged in the other Central

Asian countries.

3.2.2 | Family-perceived wealth

In most of the countries studied, the association between having
overweight and family-perceived wealth tended to be in the same
direction as that with parents' education, though it was slightly smaller
in magnitude for some countries. Nevertheless, there were some
exceptions in Bulgaria, San Marino, and Georgia, where the direction
of the relationship between SES and overweight depended upon

which SES variable was used. In Kazakhstan and Turkmenistan,
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FIGURE 1

Prevalence values (%) of (A) overweightand (B) obesity among children with high and low level of the socioeconomic status (SES)

indicators by country. The Childhood Obesity Surveillance Initiative (COSI)/World Health Organization (WHO) Europe Round 4 (2015-17).
Overweight was defined according to the 2007 WHO recommended growth reference for school-aged children and adolescents and included

obesity. For an explanation of the country abbreviations, see Table 1

children with a low level of family-perceived wealth were less likely to
have overweight (OR: 0.76; 95% Cl: 0.58-1.01 and OR: 0.66; 95% ClI:
0.43-1.03, respectively), although parental education did not influ-

ence children's risk of having overweight.

3.2.3 | Parental employment status

Multivariate regression analyses showed that, in case of association,
children with low parental employment compared with high were less
likely to have overweight, especially in UMICs and LMICs, such as
Albania, Bulgaria, Kyrgyzstan, Georgia, Romania, and Turkey.

The country specific adjusted ORs for having obesity compared
with having normal weight or thinness confirmed the associations
observed for having overweight (Figure 3). In general, the association
tended to be stronger for obesity, regardless of the direction,
especially for parental education.

The sex-stratified multivariate regression analysis suggested
only minor differences between boys and girls when comparing
ORs for having overweight/obesity related to SES variables in
most of the countries. Nevertheless, the data highlight relevant dif-
ferences between boys and girls in some countries. For example, in
France and Malta, there was a stronger association between lower

parental education and having overweight among girls than among
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Eastern Europe
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Western Europe
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KGZ —— 0.83(0.63, 1.10) —— 1.01(0.76,1.34) —e 0.80 (0.64, 1.00)
TK —— 0.91(0.45, 1.82) —T— 1.17(0.76,1.80) — 0.92(0.66, 1.29)
TKM ol — 1.02(0.63, 1.66) — 0.66(0.43,1.03) na.
Western Asia
GEO —— 0.77 (0,60, 0.98) .— 1.24(0.96,1.62) —— 0.81(0.66, 1.00)
TR —e— 1.19(0.96, 1.49) - 0.86(0.74,1.00) — 069 (0.58, 0.83)
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FIGURE 2 Adjusted odds ratios (ORs) of having overweight (compared with having normal weight or thinness) related to parental education,

family-perceived wealth and parental employment status by country. The Childhood Obesity Surveillance Initiative (COSI)/World Health
Organization (WHO) Europe Round 4 (2015-17). Overweight was defined according to the 2007 WHO recommended growth reference for

school-aged children and adolescents and included obesity. Adjusted ORs and 95% confidence interval (Cl) were estimated through a multilevel
logistic regression analysis and adjusting for the child's sex and age, the degree of urbanization of the child's residence or school, and the region/

administrative division of the family's place of residence. For an explanation of the country abbreviations, see Table 1. Abbreviation: n.a., not

available
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OR (95%Cl) OR (95%Cl) OR (95%Cl)
Northern Europe
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FIGURE 3 Adjusted odds ratios (ORs) of having obesity (compared with having normal weight or thinness) related to parental education,
family-perceived wealth, and parental employment status by country. The Childhood Obesity Surveillance Initiative (COSI)/World Health

Organization (WHO) Europe Round 4 (2015-17). Obesity was defined according to the 2007 WHO recommended growth reference for school-
aged children and adolescents. Adjusted ORs and 95% confidence interval (Cl) were estimated through a multilevel logistic regression analysis and
adjusting for the child's sex and age, the degree of urbanization of the child's residence or school, and the region/administrative division of the
family's place of residence. For an explanation of the country abbreviations, see Table 1. Abbreviation: n.a., not available

boys (see Figure S1). In Czechia, parental education tended to be overweight among girls. Also, in Lithuania, all three of the SES vari-

more strongly associated with overweight among boys, whereas ables were differently associated with overweight for boys and

family-perceived wealth was more strongly associated with girls. More details about sex-stratified ORs for having overweight



10035 | WILEY_9BESITY

BUONCRISTIANO ET AL.

and having obesity in relation to SES variables are provided in
Figures S1 and S2, respectively.

4 | DISCUSSION

This study provides a cross-sectional picture of the association between
SES and childhood overweight and obesity, based on data from 123,487
(116,575 in multivariate models) 6- to 9-year-old children in 24 countries
in the WHO European Region. Overall, the results showed heterogene-
ity in the direction and magnitude of the associations between over-
weight/obesity and the three indicators of parental education, family-
perceived wealth, and parental employment status.

Our results generally showed an inverse relationship between
prevalence of childhood overweight/obesity and parental education
in HICs, whereas the opposite relationship emerged in most of the
UMICs and LMICs. The same was true for family-perceived wealth,
while parental employment status appeared to be less associated with
overweight and obesity or not associated at all.

These relationships tended to be borne out in the ORs from the
multivariate regression analysis. Of note, several LMICs and UMICs
showed a positive relationship between parental employment and
childhood overweight/obesity. We speculate this may be due to fami-
lies with two employed parents having a higher income. However,
parental employment can be an unreliable indicator of SES in different
contexts, as employment may be precarious and not necessarily corre-
lated with perceived wealth.>®> Furthermore, having both parents
employed may result in less time available for meal preparation, which
can lead to increased reliance on processed foods that are convenient
to prepare and have a stable shelf life, but may be less nutritionally
balanced. A 2017 paper by Wu et al’*® examining associations
between parental work characteristics and dietary patterns among
children found that if only one parent was employed and worked a
standard schedule, the children demonstrated greater odds of having
home-prepared dinner most of the time. Mothers working long hours
was associated with lower odds of eating breakfast every day, more
frequent consumption of unhealthy noncore foods and a lower fre-
quency of healthy food consumption. The authors concluded that
multifaceted policy efforts should be geared toward supporting both
parents, so as to create healthier family food environments, for exam-
ple by giving parents greater control and choices over work times,
placing limits on work hours, coordinating after-school care and com-
munity resources during parent's nonstandard work hours and provid-
ing better support to working parents.

In contrast to the findings by Wu et al, a recent paper from

Europe by Fismen et al®”

examined dietary habits such as consump-
tion of fruit, vegetables and sugar-containing soft drinks and SES and
found that unhealthy food habits are associated with lower SES, par-
ticularly parental education and family-perceived wealth, but not
parental employment status. This suggests that the relationship
between parental employment and child dietary habits may be con-
text dependent and that future work is needed: both to untangle this

relationship in different countries and to understand the public health

policy implications. This will help inform governments how they can
best ensure that parents have the resources and structural support
that is needed to ensure that all children—regardless of their
SES—have access to nutritious foods.

The fact that we were only able to analyze children living in two-
parent households is likely to have impacted our results. There is evi-
dence that single parent families are at greater risk of food insecurity
in HICs and that food insecurity is associated with obesity in adult-
hood.>® Therefore, children in these families may be at greater risk of
overweight and obesity (as a result of calorie-dense yet nutrient-poor
food staples). Excluding these children may have caused us to under-
estimate the strength of association between SES and childhood over-
weight/obesity in HICs.

This study confirms what was observed by Lissner et al. in five
countries that participated in COSI first round (2007-08), namely,
Bulgaria, Czechia, Lithuania, Portugal, and Sweden. Heterogeneity in
the association between SES indicators (i.e., parental education and
employment status) and childhood overweight or obesity emerged
across the five countries. Since COSlI's first round of data collection,
the number of countries that collected information about the family
SES has been increasing every next round, up to 24 countries in the
fourth round (2015-17). This effort has provided a wider picture of
SES inequalities in overweight and obesity.

Our findings are also consistent with a study by Pampel et al.,
which found that obesity (in adulthood) rose with a nation's economic
development, and the relation between SES and obesity changed.3¢ In
lower income countries, people with higher SES were more likely to
have obesity, whereas in HICs, those with higher SES were less likely
to have obesity. A recent systematic review confirmed a similar situa-
tion for childhood and adolescent overweight and obesity in HICs.
The authors found an inverse relationship between SES and over-
weight/obesity in 72% of the included studies.?? Meanwhile, a review
by Dinsa et al. explored the relationship between SES and obesity in
low- and middle-income countries. Of the 11 included studies that
looked at children, all of them found a positive relationship; that is,
obesity was more common among children with higher SES.3>

In our results, the sex-stratified multivariate regression analysis
suggested only minor differences between boys and girls when com-
paring ORs for having overweight/obesity related to SES variables in
most of the countries. However, some countries did show significant
differences. This demonstrates the importance of sex-disaggregated
data to identify disparities; for example, a 2016 Korean study found
that childhood overweight was positively related to household income
in boys but inversely related to household income in girls.>’

In 2020, evidence is beginning to emerge that lockdowns in
response to the COVID-19 pandemic have had unintended conse-
guences such as increasing less healthy behaviors (like reduced physical
activity, the loss of healthy and nutritious meals in schools, and
increased sedentary behaviors) among children,®® and increased preva-
lence of overweight and obesity among young people.? It is likely that
these impacts will be unequally distributed by SES and will consequently
increase poverty and inequalities. Future research will be needed to

expose the extent of these consequences in different contexts.
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Our results identify key areas for intervention at the national
level, as well as providing an opportunity for knowledge exchange
between countries facing similar challenges. They add to the body of
evidence linking increased risk of childhood overweight and obesity
with SES and are particularly reliable given the standardized nature of
data collection across countries. In general, they show a need for a
blend of structural and individual approaches for effective prevention
of childhood obesity. SES is multifaceted; therefore, interventions to
address socioeconomic inequalities in childhood obesity should be
comprehensive and address multiple risk factors.

Structural measures that reduce risk at the population level have
been implemented in many countries around the world: a recent
example is the proliferation of taxes on sugar-sweetened beverages.
At a basic level, poverty is associated with obesity in HICs due to the
lower cost of energy-dense foods®?; therefore, fiscal interventions like
taxes and subsidies can help reduce the accessibility of less healthy
options while making healthier options more accessible. For example,
the Mexican sugar tax was accompanied by efforts to increase the
availability of fresh, potable water in schools.®® Schools and day-care
centers/kindergartens are a pragmatic site of intervention, given that
they provide opportunities to deliver healthy school meals, in addition
to age-congruent physical activity. There is evidence that targeted
school food policies can increase consumption of specific foods such
as fruits and vegetables; however, broader impacts on metabolic risk
factors are limited.®* As the onset of childhood obesity generally
occurs in the early years,®® and because we must assume that the
obesogenic environment as a whole fosters obesity-related unhealthy
lifestyle behaviors,®® school interventions must be one component of
more comprehensive action.

Taking a life course perspective, we know that maternal nutrition is
vital to ensure optimal fetal development and reduce the risk of NCDs
in later life. Improving access to quality antenatal care for all social
groups can improve maternal and child health outcomes.®” Another key
area for population-level intervention is the exposure of children (espe-
cially in the early years) to digital marketing of high in fat, salt, and sugar
(HFSS) foods. Given the rapid increase in access to digital devices at
young ages, legislation has been slow to keep pace and protect children
from subtle and manipulative marketing techniques that have been
shown to increase requests for nutrient-poor and calorie-dense
foods.?®¢? Meanwhile, interventions pertaining to the built environ-
ment can also significantly influence children's food environments and
opportunities to practice physical activity. For example, providing safe
walking and cycling routes around schools and recreation sites, in addi-
tion to reducing car dependency in urban areas, is likely to have the
dual impact of increasing children's physical activity and reducing air
pollution.”® Above all, it is important to remember that broader
interventions to address poverty are likely to improve child health in
countries at all stages of socioeconomic development.*

Targeted interventions will also have a role to play in reducing
disparities in childhood obesity between SES groups. Parental educa-
tion and support may be of some value. For example, children who
are predominantly breastfed have a reduced risk of early childhood

71,72

obesity, so effective public health interventions to promote

breastfeeding in specific SES groups may help reduce inequalities,
including the provision of breastfeeding facilities for working mothers,
maternity leave, enforcement of the WHO Code on the Marketing of
Breastmilk Substitutes, and implementation of the Baby-friendly Hos-
pital Initiative. Later in childhood, there is evidence that children from
lower SES groups have less access to structured physical activity such
as sports or dancing clubs’?; therefore, interventions to provide easier
access to these activities for children from low SES neighborhoods
would increase children's energy expenditure and displace a part of

74,75 and

their sedentary time, hence lowering the risk of obesity
reducing inequalities. From an individual treatment perspective,
investment in building capacity of primary healthcare practitioners to
provide timely and appropriate treatment that is free from stigma
would benefit children living with overweight and obesity.”® Any pub-
lic health intervention in this area should be carefully evaluated to
reduce the risk of perpetuating weight stigma and placing additional
stressors on children already at risk of social exclusion.”””®

In the context of mounting rhetoric about the challenges posed
by obesity, there are important opportunities for governments to take
further action. Efforts must be made to address structural factors that
create unhealthy food environments (including the role of the food

and beverage industry).”’

4.1 | Strengths and weaknesses

To the best of our knowledge, this is the largest study of its kind,
using standardized methods to collect data on children's anthropo-
metrics from nationally representative samples and using standardized
indicators of SES to examine the association between SES and weight
status among children. It therefore provides robust evidence to sup-
port national and regional policy decisions.

However, there are also some weaknesses that should be taken
into consideration when interpreting the results. Firstly, measures of
SES were self-reported and subjective, which may have introduced
reporting bias, particularly in the case of family-perceived wealth.
Secondly, the relevant proportion of children without information on
SES indicators in some countries may have resulted in selection biases
and may have affected the comparison of prevalence and OR for
having overweight/obesity across these countries. Thirdly, the availabil-
ity of limited information on the family structure led to the inclusion of
only children living in traditional two-parent families. The exclusion of
different kind of families, such as caregivers who were related to chil-
dren in different ways or single-parent families, could have been a
source of selection bias as well. It is possible that more vulnerable fami-
lies were less likely to participate in this study, and therefore, this may
have led to lower representation from these groups or even an under-
estimation of inequalities. Finally, in some of the countries, the results
had wide Cls, reflecting a sample size not fully adequate to investigate
the association between SES and overweight/obesity, especially when
investigating these differences between boys and girls.

Future work on this topic would benefit from incorporating SES

indicators measured at both the household and neighborhood level.
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5 | CONCLUSION

This study provides a snapshot of socioeconomic inequalities in child-
hood overweight and obesity in 24 countries in the WHO European
Region, based on three indicators of SES. The results show inequalities
in childhood overweight and obesity according to parental education
and family-perceived wealth, which differ according to country income
status as seen in previous research. To improve children's well-being in
this region, national policymakers should apply a “health in every policy”
approach and be mindful of the local factors that may be worsening
health inequalities at this critical stage of the life course. Ongoing sur-
veillance is essential to monitor ongoing trends and spotlight any
changes in the relationship between childhood weight status and SES as

countries undergo economic and epidemiological transitions.
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