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ABSTRACT
Background: High intake of sugar-sweetened beverages (SSBs)
contributes to detrimental cardio-metabolic indicators in youth.
Monitoring of SSB consumption is lacking in Eastern Europe.
Objectives: We assessed trends in the prevalence of adolescent daily
consumption of SSBs in 14 Eastern European countries between
2002 and 2018, both overall and according to family material
affluence.
Methods: We used 2002, 2006, 2010, 2014, and 2018 data of
the Health Behaviour in School-Aged Children school-based study
(repeated cross-sectional). Nationally representative samples of
adolescents aged 11, 13, and 15 years were included (n = 325,184;
51.2% girls). Adolescents completed a standardized questionnaire,
including a question on SSB consumption frequency. We categorized
adolescents into 3 socioeconomic groups based on the relative
Family Affluence Scale (FAS). Adjusted prevalences of daily SSB
consumption by survey year, as well as country-level time trends
between 2002 and 2018, were computed using multilevel logistic
models (overall and by FAS groups).
Results: In 2018, the prevalence of adolescents consuming SSBs ev-
ery day varied considerably between countries (range, 5.1%–28.1%).
Between 2002 and 2018, the prevalence of daily SSB consumption
declined in 10/14 countries (P for linear trends ≤ 0.004). The largest
reductions were observed in Slovenia (OR, 0.48; 95% CI: 0.45–0.50)
and the Russian Federation (OR, 0.67; 95% CI: 0.64–0.70). Daily
SSB consumption was reduced at faster rates among the most affluent
adolescents (who were larger consumers in 2002) than in the least
affluent adolescents in 11/14 countries (P for linear trends ≤ 0.004).
Thus, differences between FAS groups narrowed over time or even
reversed, leading to larger proportions of daily consumers in the least
affluent adolescents in 2018 in 5/14 countries (P ≤ 0.05).
Conclusions: Adolescent daily consumption of SSBs decreased
between 2002 and 2018 in most Eastern European countries.
Declines were larger among higher-affluence adolescents. These

results are useful to evaluate and plan interventions promoting
healthy childhood diets. Am J Clin Nutr 2021;114:1476–1485.

Keywords: trend analysis, sugar-sweetened beverage, sodas, ado-
lescents, Health Behaviour in School-Aged Children study, socioe-
conomic inequalities in diet, health equity, Eastern Europe, family
affluence scale

Introduction
Sugar-sweetened beverages (SSBs) are a major source of

added sugars among adolescents in Western (1) and Eastern (2)
Europe and are contributors to dental caries (3) and excessive
weight gain (4, 5). Worldwide, adolescents and young adults are
the largest consumers of SSBs (6, 7). In US adolescents, the
largest energy provider to SSBs was sodas (43%), followed by
fruit drinks (17%), energy and sports drinks (11%), and other
types of SSBs (29%) (7). Since the 2000s, adolescents in North
America and Western Europe have reduced their consumption of
SSBs, in particular of sodas (7–11). This may be related to the
introduction of a combination of behavioral and structural public
health interventions in these countries to improve diets in young
people (12–14).

In Eastern Europe, data on adolescent SSB consumption are
limited. A decrease in daily SSB consumption was observed in
Czechia between 2002 and 2014 (15) and in Lithuania between
2002 and 2010 (16). As for trends in overall SSB sales in
Eastern Europe after the 2010s, the literature is inconsistent:
sales were on the rise according to Popkin and Hawkes (17)
(results presented in kcal/capita) but on the decline according
to Arsenault et al. (18) (results presented in mL/capita). Neither
of these publications provided results at the country level,
thus limiting the interpretation of these contradictory results
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in Eastern Europe. In addition, sales statistics do not provide
information about consumption in population subgroups, such as
adolescents. Notwithstanding methodological challenges, these
studies highlight the interest in analyzing temporal trends in SSB
consumption in each country separately.

SSBs were among the first Western foodstuffs to be introduced
into Eastern Europe in the post-Soviet period and are symbolic
of the nutrition transition around the world (17, 19–21). The
nutrition transition refers to changes in the population’s dietary
patterns resulting from economic and social development. For
SSBs, a rise, sometimes followed by a decline, is expected
in growing economies, as happened in Western countries (22,
23). These shifts usually occur first among groups with a
higher socioeconomic position (SEP) (24–26). In most Western
countries, socioeconomic inequalities in the adolescent diet are
particularly pronounced for SSBs compared to other foods (27),
with adolescents of lower SEP being higher consumers (10, 11,
28, 29). The situation may not be similar in Eastern European
countries, depending on the stage of the nutrition transition (20,
30, 31). Information on changes in social patterning of large
SSB consumption is valuable for public health stakeholders
when evaluating and planning nutrition interventions. This paper
aims to assess country-level trends in the prevalences of daily
SSB consumption among adolescents from 14 Eastern European
countries between 2002 and 2018, overall and according to family
material affluence.

Methods

Design and populations

We used data from the 5 most recent survey years of
the international Health Behaviour in School-Aged Children
(HBSC) school-based study (http://www.hbsc.org): 2002, 2006,
2010, 2014, and 2018. This repeated cross-national survey has
collected information on the health behaviors and well-being
of adolescents aged 11, 13, and 15 years every 4 years since
1986 (32). In 2018, 47 countries or regions in Europe and
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Canada took part in the HBSC survey (33). Each national
team recruited nationally representative samples, stratified by
geo-political regions and/or school categories, and randomly
selected classes by school. Adolescents filled out a standardized
questionnaire in class after receiving instructions from teachers
or research assistants (administration mode: paper or online) (33).
More detailed information about the HBSC methodology can be
found in Inchley et al. (33).

This paper includes information from 14 Eastern European
countries with available data on SSB consumption since 2002 or
2006. To present results, we grouped countries into 3 geograph-
ical zones: Baltic (n = 3; Estonia, Latvia, Lithuania), Central
(n = 6; Croatia, Czechia, Hungary, Poland, Slovakia, Slovenia)
and Eastern (n = 5; Bulgaria, North Macedonia, Romania,
Russian Federation, Ukraine). Participation rates were relatively
high at the school and pupil levels (e.g., 2018 school rates:
≥78% in 12/14 countries; pupil rates: ≥80% in 10/14 countries)
(32). The period of data collection varied according to country
and survey year; however, 83% of participants were surveyed
between February and May of each survey round.

Ethics

As required in the HBSC research protocol (33), authorizations
from the institutional ethics committees or the relevant boards
at the country level were obtained before proceeding with data
collection. The surveyed schools, pupils, and their parents or
guardians received detailed information about the study and
were assured of their anonymity and the possibility to withdraw
their participation. Pupils voluntarily filled out the anonymous
questionnaire at school.

Daily SSB consumption

A 4-item validated FFQ assessed the consumption of SSBs
(focusing mainly on sodas) together with fruit, vegetables, and
sweets since 2002 (34). The general question was phrased as
follows: “how many times a week do you usually eat or drink
… ?” and the food list item analyzed in this study was: “Coke
or other soft drinks that contain sugar” (33). National teams
could add local examples of common brands in brackets to
enhance question understanding. Daily consumers of SSBs were
defined as those who ticked the response options “every day,
more than once” or “once a day, every day.” Other possible
options were “5–6 days a week,” “2–4 days a week,” “once a
week,” “less than once a week,” or “never” (33). According to
the validation study, test-retest weighted kappa statistics for SSB
consumption were acceptable (0.66 in 11- to 12-year-olds; 0.60 in
13- to 14-year-olds) and correlation with a 7-day food record was
good [Spearman correlation coefficient: 0.46; mean consumption
frequency (days/week): 4.23 in the FFQ compared with 4.07 in
the food record] (34).

Socioeconomic position

The Family Affluence Scale (FAS) has been validated as a
proxy measure of household material affluence for adolescents
(35–37). The FAS was based on 4 (2002–2010) to 6 (2014–
2018) wealth items: 1) having one’s own bedroom; 2) number of
cars in the family; 3) number of computers/laptops/tablets in the
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family; 4) number of vacation trips in the last year (rephrased as
an abroad vacation since 2014); 5) number of bathrooms in the
house (since 2014); and 6) having a dishwasher at home (since
2014) (35–37). FAS total scores (2002–2010, 0–9; 2014–2018,
0–13) were Ridit-transformed to rank adolescents from 0 (lowest
SEP) to 1 (highest SEP) within each country, survey year, sex,
and age category (11, 13, and 15 years). Ridit scores are based on
cumulative probabilities, where the Ridit of the category i is the
proportion (P) of all individuals below the category i plus half the
proportion of individuals in the category i itself:

Riditi = �0≤k<iPk + 0.5Pi (1)

Based on the Ridit-based score, adolescents were categorized
into 3 groups based on affluence: the lowest 20%, the medium
60%, and the highest 20%. This approach is recommended
for trends analyses of cross-national HBSC data to estimate
adolescents’ relative SEP, ignoring variations in absolute material
standards of living over time and across countries (38).

Statistics

Using STATA version 15 (Stata Corp.), we applied 2-level
and 3-level multilevel logistic models with random intercepts
(melogit and xtmelogit), setting daily SSB consumption as the
dependent variable (0/1). Level 1 was set for the pupil, level 2
for the class (median cluster size: 17 pupils/class), and level 3
for the country (when several countries were analyzed together).
We computed the prevalences of daily SSB consumers, adjusted
for sex and age, by survey year for each country (n = 14),
geographical zone (n = 3), and overall. We tested linear as well as
2-piecewise linear, quadratic, and cubic spline models to estimate
the best fit between observed and predictive prevalences of daily
SSB consumption (Supplemental Figure 1), expressing time as
a continuous variable from 2002 to 2018 (scaled 1 to 5). Based
on graphical output of the 4 models presented in Supplemental
Figure 1, we then applied linear spline modelling and used 1
knot at the year 2006 (time = 2; command mkspline), composing
2 periods of analyses: the first analyzed period (2002–2006) and
the second (2006–2018). We also investigated the overall linear
trends between 2002 and 2018, disregarding potential short-term
trends, which could be explained by slight differences in sample
characteristics between survey years. Some seasonal variations in
data collection across survey years were found in 9/14 countries.
Therefore, time trends (but not prevalences) were also adjusted
for months of data collection to account for potential seasonal
effects, as nonalcoholic beverages are likely to be consumed
in greater quantities in summer (39–41). To assess whether
the most affluent 20% of adolescents (the reference group)
reduced/increased their SSB consumption at a faster/slower
rate over time than the least affluent 20%, we used multilevel
logistic models (dependent variable: daily SSB consumption)
adjusted for sex, age categories, survey years (5 dummies), and
FAS categories (lower, medium, and higher affluence), with an
interaction term between FAS categories and time (continuous).
We then computed predictive margins to plot trends in the
prevalences of daily SSB consumers by FAS categories. Trend
analyses in socioeconomic differences were also stratified by sex
and age categories. Statistical significance was set at P ≤ 0.004
due to multiple testing (Bonferroni correction: 0.05/14 for 14
countries).

Results

Sample characteristics

We included 325,184 adolescents after excluding 3,435
participants for missing data on SSB consumption (1.0% of
the total sample; Supplemental Figure 2). FAS data were
incomplete in 12,252 adolescents (3.8% overall; missing >10%
of values in Slovakia in 2014 and 2018 and Croatia in 2014).
The sample sizes and main characteristics of survey participants
are presented overall and by country in Table 1. Overall, age
and sex distributions were as follows: 51.2% were girls and
32.5%, 33.7%, and 33.8% were 11, 13, and 15 years old,
respectively.

Sixteen-year trends in SSB consumption

In 2018, adjusted prevalences of daily SSB consumption
ranged from 5.1% (95% CI: 4.4–5.8) in Estonia to 28.1% (95%
CI: 26.2–30.0) in North Macedonia (Table 2, 5th column). The
lowest proportions of daily SSB consumers in 2018 (<6%)
were found in Estonia, Latvia, and Slovenia, and the highest
proportions (>20%) were in Hungary, Slovakia, Bulgaria, North
Macedonia, and Romania.

Between 2002 and 2006, daily SSB consumption increased
in the Eastern zone (OR, 1.46; 95% CI: 1.35–1.58; P < 0.001;
Table 2, 6th column). After 2006, it was reduced in all
3 geographical zones 0.71 ≤ OR ≤ 0.82; P < 0.001; Table 2,
7th column). Looking at the overall linear trend between 2002
and 2018, the proportions of daily SSB consumers declined (OR,
0.79; 95% CI: 0.78–0.80; P < 0.001; Table 2, last column).
More specifically, 10/14 countries experienced a decline (P for
linear trends ≤ 0.004). Slovenia underwent the sharpest decline in
daily SSB consumption (OR, 0.48; 95% CI: 0.45–0.50), followed
by the Russian Federation (OR, 0.67; 95% CI: 0.64–0.70) and
Bulgaria (OR, 0.71; 95% CI: 0.60–0.85; data from 2006 to 2018).
The countries with smaller declines (0.82 ≤ OR ≤ 0.90) were
Estonia, Poland, and North Macedonia. In Slovakia, the reduction
observed in the daily SSB consumption prevalence over time
might be due to variations in the months of data collection across
survey years (June of 2006 and 2010; May of 2014; and March,
April, and May of 2018).

Sixteen-year trends in socioeconomic differences in SSB
consumption

Supplemental Table 1 shows that in 2002 (2006 for Slovakia,
Bulgaria, and Romania), the proportions of daily SSB consumers
were lower among the pupils with the lowest FAS than among
those with highest the FAS in 11/14 countries (0.26 ≤ OR ≤ 0.73;
P ≤ 0.004).

Figure 1 (Baltic and Central) and Figure 2 (Eastern) show that
in 11/14 countries, adolescents from higher-affluence families
had greater reductions in daily SSB consumption over time
than those from lower-affluence families (P ≤ 0.004). In the
remaining 3 countries, the same pattern was observed but the
differences were not statistically significant (Croatia, P = 0.10;
Czechia, P = 0.02; and Slovenia, P = 0.07). Two different
evolution patterns were observed: 1) narrowing; or 2) inversion of
socioeconomic differences. Pattern 1 (“narrowing”) was seen in
Estonia, Latvia, North Macedonia, Romania, Russian Federation,
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TABLE 1 Overall description of survey participants, by country, by geographical zone and in total, Health Behaviour in School-Aged Children study,
2002–2018

Sex Age categories FAS1 categories

Countries
Total,

n
Girls,

%
11 y/o,

%
13 y/o,

%
15 y/o,

%
Lower,

%
Medium,

%
Higher,

%
Missing,

%

Baltic
Estonia 21,359 50.5 32.9 34.1 33.0 21.2 58.1 18.9 1.9
Latvia 21,687 51.9 34.2 34.2 31.6 20.8 58.3 18.3 2.6
Lithuania 25,966 49.0 34.0 33.7 32.3 20.7 58.5 18.4 2.5
Baltic zone 69,012 50.4 33.7 34.0 32.3 20.9 58.3 18.5 2.3

Central
Croatia 26,115 50.6 31.3 32.5 36.1 20.4 56.6 18.5 4.5
Czechia 30,526 50.9 32.2 33.8 34.0 20.5 58.5 18.5 2.6
Hungary 19,846 53.0 32.7 34.8 32.5 20.9 58.5 19.0 1.6
Poland 25,645 50.9 31.9 32.8 35.3 21.1 58.1 18.6 2.3
Slovakia 19,533 51.0 30.4 38.0 31.7 18.4 51.0 16.7 13.92

Slovenia 24,991 50.0 34.0 35.1 30.9 20.5 59.2 17.7 2.5
Central zone 146,656 51.0 32.1 34.3 33.6 20.4 57.2 18.2 4.2

Eastern
Bulgaria 13,976 50.2 34.0 31.7 34.3 19.7 57.4 17.8 5.2
North Macedonia 21,515 50.7 31.5 32.9 35.6 20.5 59.1 18.4 2.0
Romania 18,181 52.3 31.9 31.9 36.1 19.4 56.5 18.0 6.0
Russian Federation 29,982 53.1 32.4 33.1 34.5 21.0 57.3 18.5 3.1
Ukraine 25,862 52.6 32.3 33.1 34.5 20.7 56.3 18.2 4.9
Eastern zone 109,516 52.0 32.3 32.7 35.0 20.4 57.3 18.2 4.1

All countries 325,184 51.2 32.5 33.7 33.8 20.5 57.5 18.3 3.8

Abbreviation: FAS, Family Affluence Scale.
1The FAS is based on 4 (2002–2010) to 6 (2014–2018) household wealth items.
226.0% in 2018 due to a change in the questionnaire administration mode (from paper to online) and a lack of time to finish filling out the questionnaire

(FAS-related questions at the end) due to restricted available time in the dedicated computer rooms.

and Ukraine, where socioeconomic differences were reduced
between 2002 and 2018. Over time, the proportion of daily SSB
consumers in the most affluent families became more similar to
that found in the least affluent families. Pattern 2 (“inversion”)
was seen in Hungary, Poland, Slovakia, and Bulgaria, where the
direction of socioeconomic differences was swapped between
2002/2006 and 2018. Thus, in these 4 countries and Czechia, the
proportion of adolescents with lower affluence consuming SSB
daily in 2018 tended to exceed the proportion of higher-affluence
adolescents (1.23 ≤ OR ≤ 1.42; 0.009 ≤ P ≤ 0.05; Supplemental
Table 1).

Analyses of time trends in socioeconomic differences strat-
ified by sex provided similar findings among girls and boys
(Table 3). The exception was Slovenia, where a tendency for
a larger reduction in daily SSB consumption over time was
observed among the most affluent 20% of girls (P = 0.015),
whereas socioeconomic differences did not evolve among
Slovenian boys between 2002 and 2018 (P = 0.62). Stratification
by age categories indicated that the interaction between FAS and
time did not change according to age (data not shown).

Discussion
Adolescent daily consumption of SSBs decreased between

2002 and 2018 in 10/14 Eastern European countries, and the
sizes of the declines varied considerably across countries. In
2018, 1 in 5 pupils still reported drinking SSBs every day in
5/14 countries. Also, in 11/14 countries, adolescents from higher-
affluence families, who were more likely to consume SSBs

daily in 2002, had greater reductions in consumption over
time than those from lower-affluence families. Thus, so-
cioeconomic differences narrowed or even reversed over
time.

Towards a reduction of SSB consumption

The reduction in daily SSB consumption in most Eastern
European countries was not entirely expected, since Singh et al.
(6) showed a slight rise in daily SSB intake (about 20 mL/day)
between 1990 and 2010 in both men and women from Central
and Eastern Europe. The authors compiled data from food
consumption surveys and considered all types of SSBs, using
more robust dietary assessment methods than ours. Indeed, our
data focused on consumption frequencies of sodas only, and we
could not assess whether a replacement of sodas by other types
of SSBs (e.g., fruit drinks, energy and sports drinks) occurred,
as partially documented among Western adolescents (7). We
did not find literature on this matter either. Of note, Singh et
al. (6) did not specify the countries included in their trend
analyses, thus limiting comparison with our country-specific
results. The downward trend in SSB consumption among Eastern
European adolescents is in line with observations in Western
Europe (8–10) and the United States (7, 11). As expected, the
start of the decline occurred later in most Eastern European
countries (mainly after 2006) than in Nordic countries (8),
Germany (9), and the United States (7, 11), where declines in
SSB consumption were observed in the early 2000s or even
before.
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FIGURE 1 Trends in prevalence (95% CI) of daily consumers of SSBs, by country and by FAS category in the Baltic and Central zones [∗P ≤ 0.004
(Bonferroni correction); ∗∗P < 0.001 for interaction terms FAS∗time, indicating that the 20% most affluent adolescents reduced their consumption over time
more than the 20% least affluent ones; the multilevel logistic models (dependent variable: daily SSB consumption) were adjusted for sex, age categories, survey
years, and FAS categories; n = 207,858]. The y-axis scales on the first 3 graphs (0%–30%) are different from those in the other graphs (0%–50%) and from
those in Figure 2 (0%–70%). Abbreviations: FAS, Family Affluence Scale; SSB, sugar-sweetened beverage.

Changing socioeconomic differences in SSB consumption

As far as we know, no other study has assessed how the
association between SSBs and SEP has evolved over time
in Eastern Europe. The fact that reductions in daily SSB
consumption were faster among higher-SEP adolescents was

expected in the context of the nutrition transition. According to
the fundamental cause theory (42, 43), this could be explained
by a wider range of “flexible resources” (e.g., knowledge,
wealth, and social networks) among higher-SEP groups, which
allow them to improve health-related behaviors more easily
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1482 Chatelan et al.

FIGURE 2 Trends in prevalence (95% CI) of daily consumers of SSBs, by country and by FAS category in the Eastern zone [∗P ≤ 0.004 (Bonferroni
correction); ∗∗P < 0.001 for interaction terms FAS∗time, indicating that the 20% most affluent adolescents reduced their consumption over time more than
the 20% least affluent ones; the multilevel logistic models (dependent variable: daily SSB consumption) were adjusted for sex, age categories, survey years,
and FAS categories; n = 105,074]. The y-axis scales on these graphs (0%–70%) are different from those in Figure 1 (Baltic zone, 0%–30%; Central zone,
0%–50%). Abbreviations: FAS, Family Affluence Scale; SSB, sugar-sweetened beverage.

and quickly. Additionally, disparities in physical and economic
access to sodas, other types of SSBs (44–46), and heathier
options (e.g., water and milk) (47, 48) may have played a role
in this social patterning evolution. Indeed, Coke became more
affordable between 1990 and 2016 in Eastern Europe due to
income increases and soda price decreases, while bottled water
remained more expensive than Coke during this period (47).
This may have contributed to a smaller decline in daily SSB
consumption in lower-SEP groups.

In 2018, adolescents of lower affluence were more likely to
drink SSBs daily than those of higher affluence in Czechia,
Hungary, Poland, Slovakia, and Bulgaria. Thus, these 5 countries
now experience socioeconomic inequalities in adolescent SSB
consumption, similar to those found in most Western countries
(10, 11, 28, 29, 49). Few publications in Eastern Europe, beyond
the articles using HBSC data (31, 50, 51), studied the cross-
sectional association between SSBs and SEP among adults
(old data) (52) or children (53). The latter study documented
an association between lower parental education and greater
consumption frequency of SSBs among 2- to 9-year-olds in
Hungary but not in Estonia [2007–2008 data, Identification and

prevention of Dietary- and lifestyle-induced health EFfects In
Children and infantS (IDEFICS) study] (53). Ten years later
(2018), we also documented the presence of socioeconomic
inequalities among Hungarian adolescents (“inversion” pattern)
and no socioeconomic differences in Estonian adolescents
(“narrowing” pattern). This may indicate that Eastern European
countries are at different stages of the nutrition transition. Of note,
the presence of socioeconomic differences in dietary behaviors
may vary depending on the SEP indicators used. For instance,
2002 HBSC data in Eastern Europe had shown a positive
association between daily SSB consumption and family material
affluence but no association with parental occupation (54).

Public health implications

In Eastern Europe, 20% of pupils aged 11 to 15 years still
report drinking SSBs every day in one-third of countries. In
addition, more and more countries are experiencing socioeco-
nomic inequalities in SSB consumption [and obesity (49)]. This
underlines the need for public health interventions to tackle
socioeconomic inequalities in diet and obesity. The 2 WHO
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TABLE 3 ORs (95% CIs) of the time trends in the association between daily consumption of SSBs and FAS category (reference group = the 20% most
affluent adolescents, compared with the 60% medium affluent and the 20% the least affluent ones), by sex, by country, by geographical zone, and in total
(n = 161,432 girls; 151,500 boys)

Girls Boys

Medium FAS Lower FAS Medium FAS Lower FAS
Countries OR (95% CI)1 OR (95% CI)1 P value1 OR (95% CI)1 OR (95% CI)1 P value1

Baltic
Estonia 1.02 (0.87–1.21) 1.24 (1.02–1.52) 0.035 1.18 (1.05–1.33) 1.16 (1.00–1.35) 0.05
Latvia 1.21 (1.05–1.40) 1.22 (1.02–1.47) 0.028 1.12 (1.00–1.26) 1.19 (1.04–1.36) 0.013
Lithuania 1.04 (0.92–1.17) 1.35 (1.17–1.57) <0.001 1.13 (1.02–1.24) 1.29 (1.14–1.46) <0.001
Baltic zone 1.09 (1.00–1.18) 1.30 (1.17–1.43) <0.001 1.15 (1.08–1.22) 1.23 (1.13–1.32) <0.001

Central
Croatia 1.00 (0.92–1.09) 1.06 (0.96–1.17) 0.28 1.05 (0.97–1.14) 1.07 (0.97–1.18) 0.18
Czechia 1.05 (0.98–1.13) 1.08 (0.99–1.19) 0.09 1.07 (0.99–1.15) 1.07 (0.99–1.17) 0.10
Hungary 1.16 (1.05–1.28) 1.35 (1.20–1.52) <0.001 1.10 (1.00–1.21) 1.20 (1.08–1.34) 0.001
Poland 1.14 (1.05–1.24) 1.42 (1.28–1.57) <0.001 1.17 (1.09–1.27) 1.38 (1.26–1.52) <0.001
Slovakia 1.14 (1.00–1.30) 1.24 (1.06–1.45) 0.006 1.11 (0.98–1.26) 1.16 (1.00–1.34) 0.05
Slovenia 1.02 (0.91–1.14) 1.18 (1.03–1.36) 0.015 1.02 (0.93–1.13) 1.03 (0.92–1.16) 0.62
Central zone 1.08 (1.04–1.12) 1.21 (1.16–1.27) <0.001 1.08 (1.05–1.12) 1.15 (1.10–1.20) <0.001

Eastern
Bulgaria 1.11 (0.99–1.25) 1.21 (1.06–1.38) 0.005 1.06 (0.94–1.19) 1.28 (1.11–1.46) <0.001
North Macedonia 1.08 (0.99–1.17) 1.20 (1.09–1.33) <0.001 1.05 (0.97–1.13) 1.14 (1.03–1.26) 0.011
Romania 1.21 (1.07–1.36) 1.53 (1.33–1.77) <0.001 1.01 (0.89–1.15) 1.29 (1.11–1.50) 0.001
Russian Federation 1.15 (1.05–1.25) 1.15 (1.02–1.29) 0.018 1.09 (1.00–1.19) 1.26 (1.13–1.41) <0.001
Ukraine 1.20 (1.10–1.32) 1.33 (1.19–1.49) <0.001 1.16 (1.06–1.26) 1.21 (1.09–1.35) <0.001
Eastern zone 1.14 (1.10–1.19) 1.28 (1.22–1.35) <0.001 1.10 (1.06–1.15) 1.25 (1.19–1.31) <0.001

All countries 1.10 (1.07–1.13) 1.24 (1.20–1.28) <0.001 1.10 (1.07–1.12) 1.19 (1.16–1.23) <0.001

Abbreviations: FAS, Family Affluence Scale; SSB, sugar-sweetened beverage.
1Time trends were estimated by multilevel logistic models (dependent variable: daily SSB consumption) adjusted for sex, age categories, survey years,

and FAS categories (ORs for time∗FAS categories, time as a continuous variable). OR >1 and P ≤ 0.004 (Bonferroni correction) indicate that the 20% least
affluent adolescents reduced their daily SSB consumption less over time than the 20% most affluent ones (reference group).

reports “Ending Childhood Obesity” (55) and “European Food
and Nutrition Action Plan 2015–2020” (56) have highlighted the
importance of implementing comprehensive programs that both
promote healthy eating and reduce socioeconomic inequalities
in diet. The sharp declines in daily SSB consumption observed
across all SEP groups between 2010 and 2014 in Slovenia
and between 2006 and 2014 in Bulgaria may speak in favor
of nutrition standards for food allowed in schools, which are
considered as a cost-effective measure to reduce childhood
obesity (57). Indeed, Slovenia introduced mandatory dietary
guidelines and a ban on vending machines (58) in mid-2010 (after
the 2010 HBSC data collection), and Bulgaria restricted physical
access to SSBs in school premises as of 2009 (59).

Strengths and limitations

The present study has several strengths. First, it involved
large, population-based samples; stratified to be nationally
representative; and with high participation rates at the school and
pupil levels. Second, the protocol was standardized across the
5 survey years and the 14 countries, allowing the comparison
of cross-national long-term trends. Third, we used a validated
SEP indicator for adolescents (35–37). The study also has some
limitations. First, we could only investigate the consumption
of sodas, since no data on other types of SSBs, artificially
sweetened beverages, or water were available. Second, we limited
the analysis to the prevalences of daily SSB consumers, as the
HBSC collects only information on consumption frequency and

not on quantitative intake (e.g., in mL/day). Third, we could
not explain the peak in the prevalence of daily SSB consumers
found in Slovenia in 2010. Fourth, reliability and validity of the
FFQ were moderate, with a slight overestimation of the weekly
consumption frequency as compared to 7-day food records.
Therefore, the prevalences of daily SSB consumption might be
overestimated. We may, however, suppose that overestimations
remained constant over time. Fifth, self-reports of dietary intake
can be biased by social desirability (60). We cannot rule out that
SSB consumption underreporting might have increased over time
due to rising awareness of SSBs’ negative consequences on health
(61). Sixth, little changes in the item formulation “Coke or other
soft drinks that contain sugar,” as well as changes in the question
order across survey years, were possible, albeit discouraged
by the international protocol. Seventh, the FAS reflects only
1 dimension of SEP and may not distinguish well between pupils
within large countries with heterogeneous and evolving contexts
(e.g., urban compared with rural, or changes in the material value
of computers between 2002 and 2018) (62). Furthermore, the
FAS construction changed between 2010 and 2014 (addition of
2 items) to take societal changes into account, but this increased
the likelihood of missing values.

Conclusions

Adolescent daily consumption of SSBs (sodas) declined be-
tween 2002 and 2018 in Eastern Europe but remains high in some
countries. Further scrutiny of nutrition programs implemented
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in countries with low prevalences of daily SSB consumers (e.g.,
Baltic countries) and with the largest reductions over time would
be informative. In line with the nutrition transition, daily SSB
consumption was reduced at faster rates over time among higher-
affluence adolescents than those of lower affluence. Thus, the
highest SSB consumption levels are progressively observed in
the least-affluent adolescents, as in Western countries (10, 11,
28, 29, 49). Further analyses of associations between SEP and
broader dietary patterns are needed in Eastern Europe. All in all,
this paper can serve as a first step to evaluate past public health
interventions and plan future diet-related policies and programs
in the context of a nutrition transition.
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