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Abstract
Introduction: Cross-national comparison suggests that the 
timing of the obesity epidemic differs across socio-econom-
ic groups (SEGs). Similar to the smoking epidemic, these dif-
ferences might be described by the diffusion of innovations 
theory, which states that health behaviours diffuse from 
higher to lower SEGs. However, the applicability of the diffu-
sion of innovations theory to long-term time trends in obe-
sity by SEG is unknown. We studied long-term trends in the 
obesity prevalence by SEG in England, France, Finland, Italy, 
Norway, and the USA and examined whether trends are de-
scribed by the diffusion of innovations theory. Methods: 
Obesity prevalence from 1978 to 2019 by educational level, 
sex, and age group (25+ years) from health surveys was har-
monized, age-standardized, Loess-smoothed, and visual-
ized. Prevalence rate differences were calculated, and seg-
mented regression was performed to obtain annual percent-
age changes, which were compared over time and across 

SEGs. Results: Obesity prevalence among lower educated 
groups has exceeded that of higher educated groups, ex-
cept among American men, in all countries throughout the 
study period. A comparable increase across educational lev-
els was observed until approximately 2000. Recently, obesity 
prevalence stagnated among higher educated groups in 
Finland, France, Italy, and Norway and lower educated 
groups in England and the USA. Discussion: Recent trends 
in obesity prevalence by SEG are mostly in line with the dif-
fusion of innovations theory; however, no diffusion from 
higher to lower SEGs at the start of the epidemic was found. 
The stagnation among higher SEGs but not lower SEGs sug-
gests that the latter will likely experience the greatest future 
burden. © 2022 The Author(s).

Published by S. Karger AG, Basel

Introduction

The prevalence of obesity (body mass index [BMI] ≥30 
kg/m2) in Europe has nearly tripled since the 1980s, com-
monly referred to as the “obesity epidemic”, and consti-
tutes one of the major threats to public health in high-
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income countries [1, 2]. Cross-national evidence from 
countries at different stages of the obesity epidemic sug-
gests that the timing of obesity trends differs across socio-
economic groups (SEGs) [3]. Similar to what has been 
shown for smoking [4], the diffusion of innovations the-
ory [5] might describe the differences in the obesity epi-
demic across SEGs. However, research on the long-term 
trends in obesity across SEGs is sparse. Given the high 
and unequal distribution of obesity, an improved under-
standing of how the obesity epidemic has and likely will 
spread across SEGs is warranted.

Previous research on the obesity epidemic focused on 
national trends and their likely development (e.g., [6]). 
Based on the empirical evidence, i.e. recent obesity de-
clines among children and lessons from other lifestyle ep-
idemics, it has been proposed that the obesity epidemic 
will follow a wave-shaped pattern [3, 7] with four con-
secutive stages [7]. Namely, the obesity prevalence in-
creased slowly (stage 1), followed by a rapid incline in the 
prevalence (stage 2); currently, the prevalence is stagnat-
ing and might decline slowly (stage 3); and eventually, the 
decline may accelerate and level off (stage 4) [7]. The re-
cent slowing-down of rates of increase in obesity preva-
lence in 18 European countries and the USA [6] is in line 
with this wave-shaped pattern of obesity prevalence. To 
extend the wave-shaped epidemic model with a socio-
economic dimension, Jaacks et al. [3] analysed cross-sec-
tional prevalence data from 30 countries at various stages 
of the epidemic. Their results demonstrate that socio-
economic inequalities vary in countries that are at differ-
ent stages of the epidemic, which suggests that the timing 
of the wave-shape trends differs across SEGs. More pre-
cisely, in countries that are yet to experience the rapid 
incline, the obesity prevalence in higher SEGs exceeded 
that of lower SEGs. The prevalence difference between 
higher and lower SEGs was smaller in countries which 
were experiencing the rapid incline, while it was reversed 
in countries where the increase in prevalence started to 
stagnate among higher but not yet lower SEGs [3].

European studies that examined trends in socio-eco-
nomic inequalities in the obesity prevalence focused 
mostly on single countries [8–11]. Contrary to the global 
evidence [7], European studies did not document inverse 
inequalities. Instead, they found that since the 1980s, the 
obesity prevalence in lower SEGs has exceeded that of the 
higher SEGs, although socio-economic inequalities did 
vary over time [8–11]. Cross-national comparisons on 
trends in obesity inequalities are scarce. The exception is 
Hoffmann et al. [12] who compared trends in socio-eco-
nomic obesity inequalities in 15 European countries and 

demonstrated that the increase in the obesity prevalence 
across educational levels was similar from 1990 to 2000. 
A systematic review conducted by Rokholm et al. [13] on 
trends after 1999 concluded that obesity might be stag-
nating among higher SEGs in some European countries. 
However, it has also been suggested that the reported 
stagnation among higher SEGs is the result of biases in-
troduced by self-reporting and short study duration [14].

Although many theories aim to explain levels of health 
inequalities, only the diffusion of innovations theory de-
scribes timing differences in the adoption of innovations, 
such as health behaviours, in relation to socio-economic 
status, and is therefore relevant for the study of socio-
economic differences in trends in obesity prevalence. The 
diffusion of innovations theory states that higher SEGs 
initially adopt an innovation which consequently spreads 
to lower SEGs [5]. Evidence from the smoking epidemic 
proves that the diffusion of innovations theory describes 
timing differences across SEGs. Both the uptake and re-
jection of tobacco smoking first occurred among higher 
SEGs and only later among lower SEGs [4, 15]. Similarly, 
the uptake and rejection of obesity-associated behav-
iours, such as a sedentary lifestyle and high-caloric diet, 
could follow a diffusion pattern resulting in a diffusion of 
obesity across SEGs. Thus far, only Krokstad et al. [16] 
examined the diffusion of obesity across educational 
groups from 1984 until 2008 in Norway and did neither 
find compelling evidence for the diffusion of obesity from 
higher to lower SEGs nor for the earlier stagnation of obe-
sity among higher SEGs. No study so far has investigated 
the applicability of the diffusion of innovations theory to 
long-term obesity trends by SEG from multiple countries.

We, therefore, aimed to examine long-term trends in 
the obesity epidemic by SEG and determine how accu-
rately observed trends are described by the diffusion of 
innovations theory. To do so, we formulated hypotheses 
for the socio-economic inequalities across the stages of 
the obesity epidemic [7] based on the diffusion of innova-
tions theory (5) and the European literature on trends in 
obesity prevalence inequalities [8–12]:
1. At the start of the first stage of the obesity epidemic, 

the slow and steady incline, the obesity prevalence in 
higher SEGs exceeds that of lower SEGs because of the 
early uptake of obesity-associated behaviours, result-
ing in negative prevalence rate differences. Later in the 
first stage, the relationship between obesity and SEG 
reverses as a consequence of a stronger increase among 
lower SEGs because of the diffusion of obesity-associ-
ated behaviours. Furthermore, if obesity diffused from 
higher to lower SEGs in Europe, trends should diverge 
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and prevalence rate differences should increase during 
the first stage.

2. During the second stage of the epidemic, the rapid in-
cline, trends are parallel across SEGs, and thus, the 
rates of increase are similar across SEGs because be-
haviours have diffused earlier.

3. The third stage of the epidemic, the stagnation, will 
first be observable among higher SEGs because of the 
early uptake of preventive behaviours. Therefore, the 
rates of increase should first decrease among higher 
SEGS.

4. The fourth stage of the epidemic, the decline, will first 
be observable among higher SEGs and consequently 
among lower SEGs. This would mean that the preva-
lence should decrease among the higher SEGS fol-
lowed by lower SEGS.

Data and Methods

See online supplementary Data and Methods file (www.karger.
com/doi/10.1159/000527070) for more detailed information on 
the data and methods.

Data Sources
We obtained long-term time series data on the obesity preva-

lence among those aged 25 years and over by educational attain-
ment, sex, and 5-year age group from England, Finland, France 
[17, 18], Italy, Norway, and the USA. To do so, we collected health 
surveys from the earliest (1978) until the most recent (2019) year 
available. The included countries were selected because of the 
availability of early data and their current far progression in the 
obesity epidemic [6, 7]. We selected surveys in which educational 
attainment could be converted to the International Standard Clas-
sification of Education (ISCED) 1997 and had a similar design over 
time to ensure a consistent time series. See Table 1 for a short over-
view of the included data.

Variables
Obesity was defined as a BMI of 30 kg/m2 or greater [19]. BMI is 

based on self-reported height and weight in all countries, except in En-

gland and the USA where measured height and weight are used. Re-
spondents with no information on height and weight were excluded.

A lower age limit of 25 years was used to ensure the validity of 
educational attainment as measure for socio-economic status. Ed-
ucational attainment was used to operationalize socio-economic 
status because of its long-term availability across countries, also for 
women. Furthermore, educational attainment is a robust measure 
of socio-economic status because it is unlikely to be subjected to 
reverse causation bias [20]. Trends in educational inequalities in 
the obesity prevalence are comparable to trends in other socio-
economic inequalities, like income quintiles or occupational status 
[11, 20]. To include an age range as representative as possible, no 
upper age limit was imposed, except in France and Finland for 
which we imposed an upper age limit of 64 and 74 years, respec-
tively, because of data restrictions.

Socio-economic status was defined by the highest level of edu-
cation completed or the highest degree obtained, except in Fin-
land, where educational attainment was based on attended school 
years. Educational attainment was harmonized according to the 
ISCED 1997 and reclassified into lower educated (levels 0–2: no, 
primary or lower secondary education), middle educated (levels 
3–4: upper secondary and post-secondary non-tertiary education), 
and higher educated (levels 5–6: tertiary education) in line with 
previous research [21]. This categorisation facilitates comparison 
with other studies on obesity inequalities using the same data (i.e. 
[12]).

Methods
For each country and available survey, obesity prevalence was 

obtained by educational attainment, sex, and 5-year age group. If 
available, survey-specific sampling weights were applied for the 
whole time period to ensure consistency over time. For Finland 
and England, we present trends in unweighted prevalence because 
survey weights were not available for all years. To address missing 
within survey years, we linearly interpolated the prevalence in the 
respective strata from the previous and subsequent survey year. 
Consequently, prevalence rates were age-standardized using direct 
age-standardization and the revised European Standard Popula-
tion [22] to facilitate cross-national and temporal comparison. 
Loess-smoothing with span 0.6 and degree 1 was applied to the 
age-standardized prevalence to produce smooth time trends and 
generate annual estimates for the rate differences.

To compare the different trajectories of the obesity epidemic 
across educational levels, we visualized Loess-smoothed age-stan-

Table 1. Summary of the available survey years and age groups by country

Country Survey years Age range 
(years)

BMI 
measure

Weighting

England 1991–2018 (yearly) 25–80+ Measured Unweighted
Finland 1978–2014 (yearly) 25–64 Self-reported Unweighted
France 1980, 1991, 1996, 2000, 2002, 2003, 2005, 2008, 2010, 2014, 2016, 2017 25–74 Self-reported Weighted
Italy 1990/1, 1994, 1999/2000, 2004/5, 2013, 2001–2018 25–75+ Self-reported Weighted
Norway 1995, 2002, 2005, 2008, 2012, 2015, 2019 25–80+ Self-reported Weighted
USA 1999/2000, 2001/2, 2003/4, 2005/6, 2007/8, 2009/10, 2011/12, 2013/14, 

2015/16, 2017/18
25–80+ Measured Weighted

D
ow

nloaded from
 http://karger.com

/ofa/article-pdf/15/6/753/3732129/000527070.pdf by London School of H
ygiene and Tropical M

ed. user on 28 April 2024



Kagenaar/Van Hemelrijck/Kunst/JanssenObes Facts 2022;15:753–761756
DOI: 10.1159/000527070

dardized obesity prevalence over time by educational level, sex, 
and country. The smoothed trends capture the individual data 
points while not being overly sensitive for fluctuations (online sup-
pl. Tables; online suppl. Fig. S1).

To examine whether the obesity prevalence in higher SEGs ex-
ceeded that of lower SEGs and thereafter diffused, prevalence rate 
differences in Loess-smoothed age-standardized obesity preva-
lence between higher and lower educated groups were calculated 
by country and sex at a 5-year interval. As a sensitivity check, prev-
alence rate ratios, a relative measure for socio-economic inequali-
ties, were calculated.

To examine the hypothesized parallel increase and early stag-
nation among higher SEGs, the annual percentage change (APC) 
in obesity prevalence by educational level, sex, country, and decade 
was calculated using segmented regression. Separate linear regres-
sion models were fitted by educational level, sex, educational level, 
decade, and country with interpolated age-specific obesity preva-
lence as the dependent variable and year and 5-year age group as 
independent variables.

Results

The obesity prevalence in lower educated groups ex-
ceeded that of higher educated groups, except among 
American men, over the entire examined period in se-
lected countries (Fig.  1). Furthermore, prevalence rate 
differences have always been positive (Table  2), except 
among American men throughout. The trends across ed-
ucational levels were relatively parallel, except in Finland 
and the USA (Fig. 1). The prevalence rate differences were 
also not universally increasing in the early years (Table 2). 
Prevalence rate differences increased in Finland, while 
those in France and Italy decreased (Table 2). The preva-
lence rate ratios revealed similar results (online suppl. Ta-
bles; online suppl. Fig. S1).

The trends (Fig. 1) and APC (Table 3) in age-standard-
ized obesity prevalence show that the increase was com-
parable across educational levels until approximately 

Fig. 1. Loess-smoothed age-standardized prevalence (%) of obesity (BMI ≥30 kg/m2) in men and women in the 
six countries under study by educational attainment from 1978 to 2019.
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2000. Firstly, in Finland and France, we observed an ac-
celeration in the increase of the obesity prevalence, indi-
cated by a steeper incline in the trends, in line with the 
first stage of the epidemic (Fig. 1). In Finland, the increase 
appeared greater among lower educated groups. In the 
USA, the increase was seemingly similar across educa-
tional levels although the prevalence was greatest among 
middle educated groups. Formal comparison of the APC 
across educational levels (Table 3) showed that the APC 
does not differ significantly until 2000 across educational 
groups in all countries.

The stagnation in the increase of the obesity preva-
lence occurred earlier among higher than lower educated 
groups in most countries, except in England and the USA 
where the opposite is true (Fig. 1; Table 3). In Finland, 
France, Italy, and Norway, trends show that the preva-
lence started to stagnate among higher educated groups 
from approximately mid 2000 onwards. The APC was 
smaller from 2010 onwards compared to 2000–2009 
among higher but not lower and middle-educated groups 
in aforementioned countries. From 2010 onwards, APC 
was also smaller among higher than lower educated 
groups in Finland, France, Italy, and Norway (Table 3). 
Stagnation in the APC (Table 3) already occurred among 
higher educated Finnish men and Italian women in 2000–
2009, and since 2010, stagnation can also be observed 
among lower and middle Finnish men and Italian wom-
en. In England, the stagnation occurred among all groups 

but higher educated women. In the USA, stagnation oc-
curred among lower and middle but not among higher 
educated groups for both sexes.

Discussion

Main Findings
We examined long-term trends, prevalence differenc-

es, and APC in obesity prevalence across educational lev-
els and consequently assessed the applicability of the dif-
fusion of innovations theory to the obesity epidemic in 
five European countries and the USA. The obesity preva-
lence in lower educated groups has exceeded that of high-
er educated groups for the available years between 1978 
and 2019 in selected countries – except among American 
men. Increases across educational groups were compa-
rable until about 2000. The stagnation in obesity preva-
lence was first observed among higher educated in Fin-
land, France, Italy, and Norway, which was followed by 
stagnation among lower and middle educated among 
Italian women and Finnish men. In contrast, the obesity 
prevalence in the USA and England stagnated among 
lower and not higher educated groups.

Interpretation
The parallel trends (Fig. 1) and the absence of diverg-

ing prevalence rate difference (Table 2) in the early years 

Table 2. Prevalence rate difference in the Loess-smoothed age-standardized obesity prevalence between lower 
(ISCED 0–2) and higher (ISCED 5–6) educated groups from 1978 to 2019 by 5-year interval, country, and sex

Country 1980 1985 1990 1995 2000 2005 2010 2015 Most recenta

Men
Englandb,c – – – 7.18 7.13 6.61 7.26 6.31 5.29
Finlandb 3.05 3.77 4.76 5.88 6.74 7.50 8.14 – 8.55
France 7.63 6.45 4.92 4.37 5.71 6.92 5.46 6.50 6.92
Italy – – 4.25 4.51 4.73 5.45 5.74 6.17 6.17
Norway – – – 3.80 5.85 7.32 6.49 6.58 10.23
USAc – – – – −3.12 −1.51 −1.90 −5.30 −6.23

Women
Englandbc – – – 10.82 11.19 12.37 13.12 12.12 11.03
Finlandb 4.46 5.02 5.78 6.93 9.25 10.85 11.18 – 11.03
France 7.06 6.69 6.06 5.96 7.44 7.51 7.99 10.44 11.46
Italy – – 6.08 6.39 6.72 7.11 6.57 7.00 7.54
Norway – – – 5.73 3.88 3.23 4.67 7.36 10.23
USAc – – – – 3.71 6.00 8.65 7.39 6.92

– indicates that the year was outside the observation period. a Most recent observations: England 2018, Finland 
2014, France 2017, Italy 2018, Norway 2019, USA 2017/2018. b English and Finnish data are unweighted. c England 
and the USA use measured height and weight, other countries use self-reported height and weight.
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(before 1990) of the obesity epidemic in selected coun-
tries do not support a diffusion of obesity from higher to 
lower educated groups during the first stage of the obe-
sity epidemic in selected European countries. The low 
obesity prevalence among higher educated groups and 
steep incline observed, particularly in France and Fin-
land, suggest that we do observe the first stage of the epi-
demic. Furthermore, the already large inequalities and 
low prevalence observed during early years in some of the 
countries suggest that the absence of diffusion is not an 
artefact of the inability to observe the initial stage of the 
obesity epidemic. For instance, in 1980, the age-standard-
ized obesity prevalence among higher educated French 
men and women was 0.7%, and prevalence rate differ-
ences were 7.6% for men and 7.1% for women. Hence, it 
is highly unlikely that obesity diffused during the obesity 
epidemic that started in these countries (i.e., since the 
1980s). Instead, a parallel increase across educational 
groups was observed until 2000 in contrast to what the 
global evidence showed [3]. A possible explanation for 
the absence of the diffusion at the beginning of the obe-
sity epidemic might be provided by the suspected causes 
of the obesity epidemic in high-income countries. It has 
been suggested that widespread and sudden changes in 
environmental factors (i.e., agricultural revolution, ur-
banization, globalization) resulted in decreased physical 
activity and a nutritional transition [23–25], driving the 
surge of obesity. Such environmental changes are likely 
to affect all members of society regardless of socio-eco-
nomic status. Individual behaviours and their diffusion 
are therefore unlikely to have been a determining factor 
during the initial stages of the obesity epidemic in high-
income countries. In sum, the diffusion of innovations 
theory does not describe trends by SEG in the early stages 
of the obesity epidemic in the selected countries because 
the role of environmental factors likely outweighed that 
of individual behaviours.

While studies examining European trends [9, 11, 12, 
16], including the current study, do not observe a diffu-
sion at the start of the obesity epidemic, the global cross-
national comparison by Jaacks et al. [3] does. This dis-
crepancy might be explained by differences in the pace 
and change in diet, sedentary lifestyle, and interventions 
by SEGs across nations and over time [23, 24]. Hence, 
global cross-sectional patterns do not necessarily reflect 
historic trends in Europe and vice versa [23].

The recent stagnation in obesity prevalence among 
higher educated groups in most countries is in line with 
the diffusion of innovations theory and might be ex-
plained by the early uptake of preventive behaviours, such 

as increasing physical activity and reducing ultra-pro-
cessed food and calorie intake [23, 26]. Furthermore, the 
stagnation among Italian women and Finnish men with 
lower socio-economic status following the stagnation 
among higher SEGs suggests that eventually, the obesity 
prevalence might also stagnate among lower SEGs, pre-
sumably due to the later uptake of preventive behaviours. 
Our unexpected finding of the early stagnation among 
lower SEGs observed in England and the USA might be 
explained by the implementation of policies addressing 
environmental causes for obesity because of the high obe-
sity prevalence in England and the UK [6]. For example, 
sugar-sweetened beverage taxation and regulation of 
food formulations are more likely to reduce the obesity 
prevalence among lower SEGs than policies that target 
individuals and their behaviour, such as information 
campaigns [26, 27]. Widespread introduction of such 
policies could be more common in countries with high 
obesity prevalence, such as England and the USA, driving 
the stagnation among lower SEGs. Additional research is 
required to test this hypothesis. Despite the deviations 
observed in England and the USA, recent obesity trends 
by educational level are relatively well described by the 
diffusion of innovations theory.

Limitations
Firstly, the predominant issue affecting the reliability 

of time trends is the lack of consistent annual national 
health surveys with information on obesity. In France, It-
aly, and Norway, various national health surveys are con-
ducted at irregular time intervals, and we had to interpo-
late the available data to obtain yearly data, thereby intro-
ducing some bias regarding the trends. In the USA and 
England, on the other hand, one health survey is conduct-
ed biannually or annually, respectively, generating the 
most reliable time trend series. In countries where the pro-
vided information was not consistent over time, we took 
deliberate choices to enhance the comparability over time. 
That is, in Finland, although annual survey data were 
available, we imposed an upper age limit due to changing 
sampling strategies among older age groups and excluded 
the data since 2015 because of changes in the survey de-
sign. In France, we imposed an upper age limit because of 
changes of in sampling strategy. In England and Finland, 
we used unweighted data throughout because weighted 
data were not consistently available over time. Our sensi-
tivity analysis comparing trends in unweighted and 
weighted obesity prevalence – when both were available 
– revealed comparable trends in most countries (online 
suppl. Data and Methods; online suppl. Fig. S1).
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Secondly, trends in educational differences in any out-
come are likely affected by changes over time in the com-
position of education groups. During the time span of our 
study, and for the countries under study, the proportion 
of high-educated groups has increased, while that of low-
educated groups has decreased with time. This is the so-
called educational expansion. It could have resulted in the 
low-educated groups becoming more select over time 
and – consequently – more likely to exhibit worse health 
behaviours and outcomes, which could in itself result in 
an increase in educational inequalities over time. Our 
sensitivity analysis using a relative measure for educa-
tional status in Finland, namely, tertiles based on years of 
school attended, revealed largely similar trends, especial-
ly for lower and higher educated groups (online suppl. 
Data and Methods; online suppl. Fig. S2). We, thus, do 
not expect a large role of educational expansion on our 
final conclusions. Thirdly, although not the main aim of 
the study, caution is warranted when comparing obesity 
prevalences cross-nationally. Firstly, educational attain-
ment was classified by the highest degree completed in all 
countries, except in Finland where respondents were 
asked about school years attended, which will likely lead 
to an overestimation of the number of individuals with 
higher education compared to other countries. Further-
more, English and Finnish data are unweighted because 
survey weights were not consistently available, whereas 
data for the other countries are weighted, which could 
result in different obesity prevalence levels. Furthermore, 
the obesity prevalence data for England and the USA were 
based on measured height and weight instead of self-re-
ported, while self-reporting generally leads to underesti-
mations of BMI and, thus, obesity [28]. As mentioned, the 
age selections were not consistent throughout.

In line with many previous studies, we focussed solely 
on obesity prevalence and not overweight. The well-es-
tablished association between obesity and mortality com-
pared to overweight (BMI between 25 and 30) underlines 
the importance of examining obesity separately [29, 30]. 
Additional research is required to analyse long-term 
trends in overweight and how well the theory of diffusion 
of innovations describes trends in overweight.

Conclusion

Our study on the applicability of the diffusion of in-
novations theory to the obesity epidemic in five European 
countries and the USA for the available years from 1978 
until 2019 revealed that while early trends are not indica-

tive of a diffusion of obesity from higher to lower SEGs, 
recent trends are in line with the diffusion of innovations 
theory in most selected countries. The absence of the dif-
fusion and parallel increase observed early in the epidem-
ic might be explained by a larger role of structural factors 
affecting all SEGs equally than socio-economic factors 
driving group-specific behaviours. The recent stagnation 
among higher but not lower SEGs in most countries im-
plies that lower SEGs will likely experience the greatest 
future burden of obesity, and consequently, inequalities 
may widen even further. Our findings emphasize the im-
portance of comprehensive policies that address struc-
tural factors of obesity and thus exert an equitable effect, 
at minimum [27]. The stagnating obesity prevalence 
among lower SEGs in England and USA and its drivers 
could serve as a starting point.
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