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Abstract

:

To effectively tackle obesity, it is necessary to identify all specific socioeconomic factors which contribute to its development. We aimed to highlight the prevalence of adult overweight/obesity in European countries and investigate the association of various socioeconomic factors and their accumulative effect on overweight/obesity status. Cross-sectional data from the Feel4Diabetes study for 24,562 adults residing in low socioeconomic areas were collected, representing Belgium, Finland, Greece, Spain, Bulgaria, and Hungary. Socioeconomic Burden Score (SEBS) was created, accounting for unemployment, financial insecurity, and education ≤ 12 years. Data were analyzed using analysis of variance and logistic regression. In total, 19,063 adults with complete data were included (34.5% overweight and 15.8% obese). The highest overweight/obesity rates occurred in Greece (37.5%/17.8%) and Hungary (35.4%/19.7%). After adjusting for confounders, age of <45 years and female sex were inversely associated with overweight/obesity, while low educational level (≤12 years), unemployment, and financial insecurity were positively associated. The increase in SEBS (clustering of socioeconomic disadvantages) was associated with increased overweight/obesity likelihood. This association of SEBS scores with overweight/obesity was evident for males and females across all examined countries, excluding males in low-income countries (Bulgaria and Hungary), where the highest SEBS score was inversely associated with overweight/obesity. The clustering burden of socioeconomic disadvantages on overweight/obesity was found to be influenced by the countries’ economic state and sex.
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1. Introduction


Overweight and obesity are responsible for approximately USD 1 trillion worldwide of annual healthcare costs [1]. In Europe, this corresponds to about USD 220 billion and about 13.6 % of total healthcare expenditures [1]. This is of no surprise, as high BMI is evident in more than half of European adults and is associated with several comorbidities that affect all human organ systems [2,3]. The impact of obesity is not just physiological, but also negatively affects productivity, anxiety, depression, and mental well-being in general, which is significantly hindered by stigma and discrimination [4,5]. Obesity can be prevented through a healthy lifestyle promoted by effective public health policies [3]. However, pinpointing the population groups with increased risk of obesity is crucial in order to design the most effective prevention programs [6].



Socioeconomic status can be defined as a combined measure of an individual’s social and economic status [7]. Individuals or households of low socioeconomic areas are at higher risk of suffering from negative health consequences and of having inadequate resources to cope with the aforementioned inequality [7,8]. Consequently, their lives tend to be more negatively impacted by unexpected adverse health events or unexpected healthcare costs [9]. Obesity is closely linked with low socioeconomic areas in Europe, arising a concern regarding health inequalities in all countries’ policymakers [10,11]. Among the associated socioeconomic risks of obesity, many are more prevalent in low socioeconomic areas, such as limited educational attainment [12]. In contrast, financial constraints/low income and unemployment, which are more prevalent in these areas, tend to have a more complicated connection with obesity [13,14]. Accounting for all the obesity correlates, and their accumulative effect is crucial in understanding which population group is at higher risk of obesity.



Understanding the obesity prevalence in low socioeconomic areas of Europe and the characteristics of the population groups that are in greater danger for this health problem is necessary for designing effective interventions to tackle the inequalities of obesity [6]. Thus, this study aims to present the overweight and obesity prevalence in low socioeconomic areas of six European countries and various associated socioeconomic and demographic factors of obesity. Furthermore, it was aimed to evaluate the accumulative effect of various socioeconomic factors on overweight/obesity, between different regions and different sexes.




2. Materials and Methods


2.1. Study Design


Baseline data collected from the European-Union-funded study “Feel4Diabetes” were utilized in the present study. The Feel4Diabetes study developed a school- and community-based intervention aiming at preventing Type 2 Diabetes among vulnerable groups of families in Europe and evaluated the intervention after implementation. A detailed description of the study can be found elsewhere [15,16]. The development of the study’s design took place in 2015, recruitment and baseline measurements took place in January to June 2016, intervention occurred between September 2016 and March 2017 and follow-up continued up until the June of 2018 [16]. The study was registered at clinicaltrials.gov as NCT02393872.




2.2. Setting and Participants


The data collection took place in six European countries and lasted three months (April–June 2016) [16]. The participating countries were categorized in three categories, based on the World Bank country classification derived from the 2013 Gross National Income per capita [17]. Bulgaria and Hungary were classified as low- to middle-income countries (LMIC), Finland and Belgium as high-income countries (HIC), while Greece and Spain were classified as HIC under strict economic/austerity measures. To identify “vulnerable” areas for the development of type 2 diabetes, low socioeconomic regions in HICs were selected, as these areas are associated with increased risk of diabetes development.



To pinpoint the low socioeconomic areas, in each selected province, the school districts, municipalities, or other equivalent units were categorized in tertiles based on socioeconomic status indices (i.e., unemployment rates or literacy) acquired from data from official resources or authorities [18,19,20,21]. From the tertile with the lowest socioeconomic status indices, vulnerable areas were randomly selected. On the other hand, any school district, municipality, or other equivalent unit on the LMICs was considered as a vulnerable area, since the prevalence of type 2 diabetes is higher in LMICs [22].




2.3. Study Sample


The sample, initially, consisted of 24,562 parents/carers. Due to the small representation of the “underweight” population, these individuals were excluded from the current study (n = 603, 2.5%). All the participants with incomplete data on at least one confounder (sex, age group, education, occupation, and income insecurity status) and weight, height, and country of stay were excluded (n = 4896). In total 19,063 participants with complete data on all the aforementioned variables of interest were included in the analyses.




2.4. Measurements


The entry points to the “vulnerable” areas were the randomly selected schools and during the baseline measurements, a self-completed questionnaire was provided to be completed at home by the parents/carers of the children. Parents were asked to complete data around their age group, self-reported weight and height, sex, occupational status, education level, and income insecurity. The BMI was calculated for each individual using the Quetelet’s equation (weight (kg)/height (cm)2). The International Obesity Task Force (IOTF) cutoff points were utilized to categorize the participants as underweight (BMI < 18.5), normal weight (18.5–24.9), overweight (25.0–29.9) or obese (≥30). The region of residence (HIC, LMIC, or HIC under austerity measures) was not self-reported.



The occupational status was divided into two categories: employed, that included individuals working full/part-time, being retired or being full-time students; and unemployed individuals, that included unemployed or stay-at-home parents. The educational level was assessed by the reported duration of individuals’ studies and categorized to ≤12 and >12 years of education. The income insecurity was assessed by asking the following question: “Considering the total income in this household, how difficult or easy is it to cover your costs?”. The income insecurity status was coded based on the answers provided into two categories: easy/ease in covering costs (very easy, easy, or fairly easy) and difficult/difficulty in covering costs (fairly difficult, difficult, or very difficult).




2.5. The Socioeconomic Burden Score (SEBS)


The occupational status, educational attainment, and income insecurity are known predictors for the development of obesity. For the needs of the statistical analysis, a SEBS score was created for each participant by accounting for all three factors. More specifically, the SEBS score was calculated by adding 1 point each time a participant indicated one of the following socioeconomic disadvantages: education ≤ 12 years, unemployment and/or income insecurity (answer: difficult), with a minimum score of 0 and a maximum of 3.




2.6. Ethical Approval


All the participating countries received ethical approval from the corresponding ethical committees; i.e., Belgium: Ethical committee of Ghent University (ethical approval code: B670201524437); Finland: Ethics Committee of THL (174/1801/2015); Greece: Ethics Committee of Harokopio University of Athens, the Greek Ministry of Education, Research and Religious Affairs and the Municipalities of Kallithea, Peristeri, Piraeus and Keratsini-Drapetsona (46/3-4-2015); Hungary: Bioethics Committee of University of Debrecen (20095/2016/EKU); Bulgaria: Medical University of Varna and the Municipality of Sofia (52/10-3-2016); and Spain: CEICA (Comité Ético de Investigación Clíinica de Aragóonde) (CP03/2016). All the participants received adequate information about the study’s design and aims, in the form of an information letter, and then signed a written informed consent. This study followed every applicable institutional regulation regarding the ethical use of human volunteers.




2.7. Statistical Analysis


All statistical analyses were performed using the SPSS software version 25.0 (Statistical Package for Social Sciences, SPSS Inc., Chicago, IL, USA). All categories are presented as number of participants along with the corresponding percentage. Descriptive statistics were computed for each country and, in total, sample and significant differences between the countries were computed using Pearson’s chi-square test. Descriptive statistics for years of education, employment, income insecurity and SEBS score were further subdivided according to weight status.



The association between various sociodemographic factors and the likelihood of being overweight or obese, compared to normal weight were examined in binary logistic regression models. An adjusted logistic regression model, based on the prior univariate analyses, was created by including all the aforementioned factors as confounders following forward model selection (i.e., age group, sex, educational attainment, occupational status, income insecurity, and region). A bivariate correlation matrix of the variables used can be found in the Appendix A (Table A1).



Another two logistic regression models (one univariate and one multivariate, independently for sex and age group) were executed to evaluate the association between SEBS score and overweight or obese status for each economic state (LMIC, HIC, HIC under austerity measures) and in the total sample. Finally, after accounting for the interaction between sex and SEBS score in the last two models (Table A2), two new models were created stratified by sex, with the latter being adjusted for age group.





3. Results


The study sample comprised 19,063 parents/carers from families in vulnerable areas. The descriptive characteristics of each country and the total sample are presented in Table 1. The total overweight and obesity rates were 34.5% and 15.8%, respectively (after including the underweight individuals, the corresponding rates were 33.7% and 15.4%). The majority of participants in each country were below the age of 45 (ranging from 78.0% to 89.6% between countries and 84.6% in total). The educational status of participants varied between countries. In Spain and Finland, only 4.9% and 10.1% of the participants had less or equal to 12 years of education, while Greece and Hungary had their participants almost equally distributed between ≤12 and >12 years of education (≤12 years: 49.7% and 47.4%, respectively). Unemployment rates were higher in Hungary and Greece (35.6% and 26.4%, respectively), along with income insecurity (75.6% and 72.7%, respectively). Both unemployment rate and income insecurity were evidently lower in HICs. Overweight incidence rates ranged from 32.4% (Belgium) to 37.5% (Greece). Obesity rates were higher among LMICs and Greece, with Hungary presenting the highest rates (19.7%).



The prevalence of overweight and obesity among all countries was higher in individuals with less education (less than or equal to 12 years) (overweight 38.0% and obesity 18.9%), than those with more than 12 years (overweight 32.9%, and obesity 14.2%) (Table 2). Obesity prevalence was lower in employed individuals (15.3%) compared to unemployed (17.5%), but overweight was higher in employed individuals (35.0% and 32.8%, respectively). Among participants with income insecurity, both overweight and obesity prevalence were higher (35.5% and 18.9%) than among those not reporting income insecurity (33.7% and 12.9%). Overall, the combined overweight and obesity prevalence was higher as SEBS score increased (score 0: 44.1%), (score 1: 51.9%), (score 2: 57.2%), but slightly decreased at a score equal to 3 (52.6%).



In the adjusted models (Table 3), age <45 years (OR 0.71; 95% CI 0.65, 0.78) and female sex (OR 0.24; 95% CI 0.22, 0.25) were found to be inversely associated with the likelihood of being overweight or obese. Having less than or equal to 12 years of education (OR 1.21; 95% CI 1.13, 1.29), being unemployed (OR 1.29; 95%CI 1.19, 1.39) and experiencing income insecurity (OR 1.37; 95%CI 1.28, 1.47) increased the overweight/obesity likelihood in the adjusted models. The association between the economic status of a country and the overweight/obesity status did not remain significant, after adjusting for all the aforementioned factors (p = 0.670).



A SEBS score of 1 or 2 or 3 compared to 0 was positively associated with an elevated likelihood of being overweight or obese in all the countries, even after adjusting for age group and sex (Table 4). This likelihood for SEBS scores of 1, 2, or 3 did not differ between the countries, based on the overlapping 95% CI. On the total sample, after adjusting for age group and sex, the likelihood of being overweight or obese was higher as the SEBS score increased, with individuals with score 1, 2 and 3 having OR 1.43 (95% CI 1.33, 1.54), 1.76 (1.62, 1.92) and 1, 99 (1, 76, 2,24).



After stratifying for sex in the total sample (Table 5), as the SEBS score was higher, so did the likelihood of overweight/obesity among women (SEBS score 1: OR 1.44 (95% CI 1.30, 1.59), 2: 1.96 (1.75, 2.20), 3: 2.27 (1.97, 2.62)); while for men, there was no similar increase (SEBS score 1: OR 1.44 (95% CI 1.30, 1.60), 2: 1.56 (1.38, 1.76), 3: 1.43 (1.14, 1.79)). A similar increase in SEBS score was associated with a higher obesity or overweight likelihood among women in all economic regions. Among high-income regions (with and without austerity measures), the likelihood of being overweight or obese indicated a potential increase as SEBS score elevated among men. In low-income countries, a reverse association with SEBS score and increased weight was evident only among those with the highest burden (SEBS score 3, OR: 0.70; 95% CI 0.52, 0,95).




4. Discussion


In total, about half of the participating adults from low socioeconomic areas of six European countries were overweight or obese, while about one in six to seven adults were obese. In the total sample, about one in three was educated for at most 12 years, one in five was unemployed or a stay-at-home parent, and one in two individuals was economically insecure. The rates of increased BMI, educational level, employment, and economic insecurity varied among countries. Age above 45 years, male sex, education ≤ 12 years, unemployment, and income insecurity were positively associated with increased BMI. The region of residence (countries’ economic status) was not associated with increased BMI, after adjusting for confounders. A high SEBS score (being unemployed, having ≤ 12 years of education and/or being income insecurity), predicted an accumulated elevated likelihood of overweight or obesity status, across all countries, compared to low SEBS. This effect was more evident among women in all countries. However, for men, this association varied from positive in high-income countries to negative in low-income countries. Overall, socioeconomic status remains a significant predictor of increased BMI in low socioeconomic areas of Europe. An accumulative effect is evident as the more the negative socioeconomic characteristics an individual has, the higher the odds of increased BMI, excluding men across low-income developed countries. The SEBS score can be utilized to account for this accumulative effect across different European countries.



Across the European Union members, overweight and obesity rates were estimated to be about 36.8% and 15.2%, respectively, in 2017 [23]. Our study, conducted in 2016 among low socioeconomic areas of Europe, provided a similar overall rate of BMI above 25, but a higher rate of obesity and a lower rate of overweight status. This finding can be attributed to the elevated rate of obesity across low socioeconomic areas [10]. From a further comparison with the 2014 and 2019 data from 18 to 64 years of age of Eurostat, we found out that among high-income countries (Belgium and Finland) and Spain, the obesity rates that our study provided were lower and among Greece higher than expected. The obesity rates of Bulgaria and Hungary, where the socioeconomic level was not accounted for during sampling, were similar to the expected rates [23].



The aforementioned role of the increased age group, male sex, and lower educational level on the increased likelihood of overweight/obesity in developed countries has been confirmed by various studies [10,12]. The mentioned connection was evaluated in a prior study, following a similar sampling methodology to ours, which suggested an increased likelihood of obesity among males, parents of high age, and low educational attainment only among females [24]. In contrast to our study, where educational attainment’s link with obesity was independent of sex, the aforementioned study compared completely illiterate individuals with literate and did not account for modifiers of this association, such as both sex and country’s economic development, that are known modifiers [12]. On the contrary, the direction of effect of unemployment and income with obesity is debated in the literature [13,14,25,26,27,28]. A longitudinal Finnish study has indicated that early long-term unemployment was associated with obesity at 31 years of age only among females, while obesity did not predict future unemployment in any sex [25]. Job loss and job-seeking, only among non-smokers, were also linked with increased weight status [14,28].



The relation of income and obesity is complex and suggests a reverse causality in the literature, especially among women [13], a phenomenon that can be attributed to the obesity stigma in job seeking, that is more prevalent among women [29,30]. Contradictory to income, economic/income insecurity has been linked with increased weight status [31,32,33]. However, economic insecurity was defined as the probability of experiencing a severe negative economic shock, often caused by job loss, or as unemployment. A prospective study, conducted among Australian adults, has shown that financial stress is associated with obesity, independently of income [34]. The financial stress was measured through a set of questions, evaluating the inability to pay for necessary expense, ask for financial aid and having shortage of money, in contrast with our study which asked a more direct question to evaluate economic insecurity. The novelty of this study is that it has provided evidence of the link between the perceived economic insecurity and overweight/obesity. Literature has indicated that stress, that can potentially be attributed to financial insecurity, is associated with obesity, through both physiological mechanisms and behavioral patterns, such as the overconsumption of highly palatable foods high in fat or sugar [35,36,37].



The socioeconomic status indicators used for the socioeconomic score calculation varied among the studies on obesity prevalence [38,39,40]. A review that utilized data from 333 studies, has indicated that there is a clear inverse association of socioeconomic status indicators in high-income countries with obesity, especially among women [38], meaning that the more vulnerable and socially deprived individuals have higher odds of being obese, confirming our findings. However, a more recent metanalysis has indicated that in developed countries, life-course socioeconomic score is associated with obesity only among women and not men [39]. Obesity was also associated with low socioeconomic level in both sexes, but overweight was associated significantly only for men, in South Wales [40]. Our findings only partly support those produced by the Newton et al. [39] study about the accumulated role of socioeconomic status across females, but opposing findings for men. Overall, men with socioeconomic deprivation had increased risk for overweight/obesity, but after accounting for the economic status of their country, this positive association was seen only in high-income and high-income-under-austerity-measures countries, while in low- to middle-income countries, the association was not seen or was even negative for the most socioeconomically deprived men. Accounting for this difference can shed light on the variation in the accumulated role of socioeconomic status on obesity in men. While the effect on women is more evident, there is a debate about the accumulative effect of socioeconomic background in men. In men, studies across developing countries of low income have indicated a positive association with high socioeconomic status (less socioeconomic burden) and obesity, while this connection is mixed in middle-income countries [41]. Meanwhile, a recent meta-analysis on developed countries has reported no significant association of life course socioeconomic status and obesity in men [39]. However, this meta-analysis has not accounted for this effect on the most burdened men and on developed countries of lower income. Such disparities in the effect of socioeconomic deprivation and the inverse association with obesity in men of high socioeconomic deprivation can be partially explained by the frequent risky single-occasion drinking and high risk of alcohol-use disorders of socioeconomically deprived men [42,43]. Moreover, such findings are indicative of limited food availability and limited food overconsumption across socioeconomically deprived men, with no personal financial source.



Low socioeconomic status is closely linked with increased weight status [38], and according to our results, the more the negative predictors an individual has, the higher the risk of increased weight. In such areas, individuals are more likely to have limited educational attainment and be economically insecure, and consequently be more heavily affected by health inequalities [7,8] and be unable to cope with financial constraints [13,14]. Such income inequalities and insecurities can promote overeating and weight gain through elevated stress [44,45]. After all, the effect of low socioeconomic status on obesity is mediated through emotional eating, uncontrolled eating, and psychological distress [46,47]. Another factor that is included in this equation is the limited financial availability for food, which can lead to limited consumption of nutritionally rich foods, and elevated availability for nutritionally poor and energetically high food options in low-socioeconomic groups [48]. Accounting for the increasing trend in overweight and obesity through Europe, lower socioeconomic areas are at greater risk of not only developing but also maintaining the high obesity prevalence [23]. Identifying those individuals of increased risk of obesity, while accounting for sex differences, can result in more effective and targeted approaches to tackle this phenomenon [6].



A strength of the current study is that by collecting data in low socioeconomic areas of developed countries, we were able to identify a sample with a high incidence of unemployment, low educational background, and economic insecurity. Thus, we were able to increase the sample distribution across the various socioeconomic levels, which is a common limitation of studies in the literature [39]. Another strength is that for the sake of the statistical analysis, we have created a score accounting for three simple parameters of socioeconomic burden, a score that was associated with the likelihood of increased weight status.



This study has also a set of limitations. First and foremost, the observational nature of the current study has prevented us from establishing causal relationships. Additionally, due to selecting schools as entry points to the community, we have included only adult parents or carers of young children in Europe, and thus not a representative sample of the population. Furthermore, for high-income countries, the sample includes individuals residing only in low socioeconomic areas, hence limiting the generalization of our findings. However, the representativeness of working-age adults is considered high, due to the large sample size. Furthermore, by including individuals from low socioeconomic areas, we were able to have a high representation of unemployed, economically insecure, and inadequately educated adults, increasing the strength of our resulted associations. The reported associations were not adjusted for alcohol consumption, nutrition literacy, yearly income, and availability of healthy food options, as no pertinent data were available. Reporting bias might also be an issue due to self-reported questionnaires and especially for weight and height. However, evidence suggests BMI computed measures from self-reported weight and height among adults of various socioeconomic backgrounds is a valid measure [49]. Moreover, the SEBS score includes only three factors, namely education, financial insecurity, and employment. Although the literature suggests a profuse amount of obesity correlates, in this study, we only wanted to create a simple score to evaluate the risk of obesity by just using three significant correlates and utilizing sex and country of residence data. Finally, these variables were also checked for multicollinearity in a bivariate correlation matrix. Although many significant correlations can be found, no correlation indicated a Pearson coefficient higher than 0.30 or lower than −0.30 and, therefore, there was evidence of only negligible correlations [50].




5. Conclusions


Populations living in regions with low socioeconomic indexes across developed European countries have high rates of overweight/obesity. The existing negative sociodemographic factors (unemployment, income insecurity, and education) appear to have an accumulative effect in the prevalence of overweight/obesity that differs between sexes. Understanding the extent of those inequalities and creating targeted and tailor-made interventions for populations living in low socioeconomic regions might be a top priority issue for limiting social and health inequalities and effectively tackling the obesity epidemic, which is more prevalent among those populations.
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Table A1. Bivariate correlations between age group, sex, education, employment and income security.






Table A1. Bivariate correlations between age group, sex, education, employment and income security.





	Sociodemographic Risk Factors
	Age
	Sex
	Education
	Occupational Status
	Income Insecurity





	Age
	-
	0.172

[<0.001]
	−0.002

[0.818]
	0.014

[0.052]
	−0.026

[<0.001]



	Sex
	0.172

[<0.001]
	-
	−0.078

[<0.001]
	0.185

[<0.001]
	0.028

[<0.001]



	Education
	−0.002

[0.818]
	−0.078

[<0.001]
	-
	0.169

[<0.001]
	0.264

[<0.001]



	Occupational status
	0.014

[0.052]
	0.185

[<0.001]
	0.169

[<0.001]
	-
	0.170

[<0.001]



	Income insecurity
	−0.026

[<0.001]
	0.028

[<0.001]
	0.264

[<0.001]
	0.170

[<0.001]
	-







Values in cells represent the Pearson correlation coefficient and the corresponding [p-value]. Comparator Reference values for the socioeconomic factors are: ≥45 years (age), male (sex), >12 years (education), unemployment (occupational status), and ease in covering costs (income insecurity).
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Table A2. SEBS score and the risk of being overweight or obese based on the country’s economic status. (Interaction term of sex * SEBS score.)






Table A2. SEBS score and the risk of being overweight or obese based on the country’s economic status. (Interaction term of sex * SEBS score.)





	
Economic Region

	
SEBS Score

(0 = Reference)

	
OR Unadjusted

(95% CI)

	
p-Value

	
OR Adjusted

(95% CI)

	
p-Value






	
High income (Belgium and Finland)

	
1

	
1.50 (1.24, 1.81)

	
<0.001

	
1.48 (1.22, 1.79)

	
<0.001




	
2

	
1.82 (1.31, 2.53)

	
<0.001

	
1.73 (1.25, 2.41)

	
0.001




	
3

	
1.95 (0.89, 4.27)

	
0.094

	
1.97 (0.90, 4.31)

	
0.090




	
1 * sex (female)

	
1.05 (0.81, 1.36)

	
0.733

	
1.06 (0.81, 1.37)

	
0.673




	
2 * sex (female)

	
1.26 (0.83, 1.91)

	
0.280

	
1.32 (0.87, 2.01)

	
0.193




	
3 * sex (female)

	
1.34 (0.54, 3.36)

	
0.528

	
1.34 (0.54, 3.37)

	
0.527




	
Under austerity measures (Greece and Spain)

	
1

	
1.42 (1.17, 1.73)

	
<0.001

	
1.42 (1.17, 1.73)

	
<0.001




	
2

	
1.53 (1.24, 1.89)

	
<0.001

	
1.53 (1.23, 1.89)

	
<0.001




	
3

	
2.30 (1.51, 3.51)

	
<0.001

	
2.29 (1.50, 3.50)

	
<0.001




	
1 * sex (female)

	
1.04 (0.78, 1.37)

	
0.808

	
1.03 (0.78, 1.36)

	
0.830




	
2 * sex (female)

	
1.42 (1.06, 1.92)

	
0.020

	
1.43 (1.06, 1.93)

	
0.018




	
3 * sex (female)

	
1.07 (0.65, 1.74)

	
0.798

	
1.07 (0.66, 1.75)

	
0.773




	
Low income (Bulgaria and Hungary)

	
1

	
1.04 (0.86, 1.24)

	
0.700

	
1.05 (0.88, 1.26)

	
0.585




	
2

	
1.02 (0.84, 1.24)

	
0.833

	
1.04 (0.85, 1.26)

	
0.721




	
3

	
0.69 (0.51, 0.94)

	
0.017

	
0.70 (0.52, 0.95)

	
0.021




	
1 * sex (female)

	
1.59 (1.24, 2.05)

	
<0.001

	
1.56 (1.21, 2.01)

	
0.001




	
2 * sex (female)

	
2.16 (1.66, 2.83)

	
<0.001

	
2.13 (1.63, 2.79)

	
<0.001




	
3 * sex (female)

	
3.95 (2.72, 5.74)

	
<0.001

	
3.92 (2.70, 5.69)

	
<0.001




	
Total sample

	
1

	
1.45 (1.30, 1.61)

	
<0.001

	
1.44 (1.30, 1.60)

	
<0.001




	
2

	
1.57 (1.40, 1.77)

	
<0.001

	
1.56 (1.38, 1.76)

	
<0.001




	
3

	
1.44 (1.15, 1.80)

	
0.001

	
1.43 (1.14, 1.79)

	
0.002




	
1 * sex (female)

	
1.00 (0.86, 1.16)

	
0.994

	
1.00 (0.86, 1.15)

	
0.958




	
2 * sex (female)

	
1.25 (1.06, 1.48)

	
0.008

	
1.26 (1.07, 1.49)

	
0.006




	
3 * sex (female)

	
1.58 (1.21, 2.06)

	
0.001

	
1.59 (1.22, 2.07)

	
0.001








OR: Odds ratios, 95% CI: 95% Confidence Interval. The OR (95% CI) column represents the odds of being overweight or obese (95% Confidence Interval) based on the SEBS score value. The SEBS score was calculated by adding 1 point each time a participant indicated one of the following negative factors: education ≤ 12 years, unemployment, or income insecurity (answer: difficult), with a minimum of 0 and a maximum score of 3. Each participant was assigned one score. p-values were derived from logistic regression. The first model is adjusted for age. The interaction term is presented as SEBS score * sex (female). The second model is adjusted for sex and age group.
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Table 1. Descriptive table of participants’ baseline characteristics.






Table 1. Descriptive table of participants’ baseline characteristics.

















	Characteristics
	Categories
	Belgium
	Finland
	Greece
	Hungary
	Bulgaria
	Spain
	Total
	p-Value





	Participants (% of total sample)
	-
	3048 (16.0%)
	2047 (10.7%)
	3806 (20.0%)
	3078 (16.1%)
	4904 (25.7%)
	2180 (11.4%)
	19,063
	<0.001



	Age group
	<45
	2732 (89.6%)
	1755 (85.7%)
	2968 (78.0%)
	2736 (88.9%)
	4227 (86.2%)
	1711 (78.5%)
	16,129 (84.6%)
	<0.001



	
	≥45
	316 (10.4%)
	292 (14.3%)
	838 (22.0%)
	342 (11.1%)
	677 (13.8%)
	469 (21.5%)
	2934 (15.4%)
	



	Sex
	Female
	1605 (52.7%)
	1147 (56.0%)
	2054 (54.0%)
	1668 (54.2%)
	2518 (51.3%)
	1169 (53.6%)
	10,161 (53.3%)
	<0.001



	
	Male
	1443 (47.3%)
	900 (44.0%)
	1752 (46.0%)
	1410 (45.8%)
	2386 (48.7%)
	1011 (46.4%)
	8902 (46.7%)
	



	Education
	≤12 years
	781 (25.6%)
	206 (10.1%)
	1891 (49.7%)
	1458 (47.4%)
	1701 (34.7%)
	107 (4.9%)
	6144 (32.2%)
	<0.001



	
	>12 years
	2267 (74.4%)
	1841 (89.9%)
	1915 (50.3%)
	1620 (52.6%)
	3203 (65.3%)
	2073 (95.1%)
	12,919 (67.8%)
	



	Occupational status
	Unemployed
	377 (12.4%)
	276 (13.5%)
	1003 (26.4%)
	1095 (35.6%)
	853 (17.4%)
	375 (17.2%)
	3979 (20.9%)
	<0.001



	
	Employed
	2671 (87.6%)
	1771 (86.5%)
	2803 (73.6%)
	1983 (64.4%)
	4051 (82.6%)
	1805 (82.8%)
	15,084 (79.1%)
	



	Income insecurity
	Difficulty in covering costs
	515 (16.9%)
	504 (24.6%)
	2768 (72.7%)
	2327 (75.6%)
	2040 (41.6%)
	915 (42.0%)
	9069 (47.6%)
	<0.001



	
	Ease in covering costs
	2533 (83.1%)
	1543 (75.4%)
	1038 (27.3%)
	751 (24.4%)
	2864 (58.4%)
	1265 (58.0%)
	9994 (52.4%)
	







Age group, sex, education, occupational status, and income insecurity display the number of participants and, in brackets, the incidence rate in the total population of the individual country. p-values were derived from analyses of variance.
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Table 2. Descriptive table of participants’ baseline weight status based on sociodemographic characteristics.
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	Characteristics
	Categories
	Belgium
	Finland
	Greece
	Hungary
	Bulgaria
	Spain
	Total
	p-Value





	BMI
	Overweight
	986 (32.4%)
	737 (36.0%)
	1429 (37.5%)
	1088 (35.4%)
	1621 (33.1%)
	720 (33.0%)
	6581 (34.5%)
	<0.001



	
	Obese
	330 (10.8%)
	334 (16.3%)
	677 (17.8%)
	607 (19.7%)
	811 (16.5%)
	243 (11.2%)
	3002 (15.8%)
	



	Education of ≤12 years
	Overweight
	311 (39.8%)
	82 (39.8%)
	743 (39.3%)
	493 (33.8%)
	663 (39.0%)
	41 (38.3%)
	2333 (38.0%)
	<0.001



	
	Obese
	105 (13.4%)
	44 (21.4%)
	366 (19.4%)
	271 (18.6%)
	357 (21.0%)
	21 (19.6%)
	1164 (18.9%)
	



	Education of >12 years
	Overweight
	675 (29.8%)
	655 (35.6%)
	686 (35.8%)
	595 (36.7%)
	958 (29.9%)
	679 (32.8%)
	4248 (32.9%)
	



	
	Obese
	225 (9.9%)
	290 (15.8%)
	311 (16.2%)
	336 (20.7%)
	454 (14.2%)
	222 (10.7%)
	1838 (14.2%)
	



	Unemployment
	Overweight
	120 (31.8%)
	93 (33.7%)
	331 (33.0%)
	390 (35.6%)
	249 (29.2%)
	122 (32.5%)
	1305 (32.8%)
	<0.001



	
	Obese
	70 (18.6%)
	56 (20.3%)
	166 (16.6%)
	213 (19.5%)
	129 (15.1%)
	63 (16.8%)
	697 (17.5%)
	



	Employment
	Overweight
	866 (32.4%)
	644 (36.4%)
	1098 (39.2%)
	698 (35.2%)
	1372 (33.9%)
	598 (33.1%)
	5276 (35.0%)
	



	
	Obese
	260 (9.7%)
	278 (15.7%)
	511 (18.2%)
	394 (19.9%)
	682 (16.8%)
	180 (10.0%)
	2305 (15.3%)
	



	Income insecurity (difficulty in covering costs)
	Overweight
	198 (38.4%)
	189 (37.5%)
	1034 (37.4%)
	823 (35.4%)
	670 (32.8%)
	302 (33.0%)
	3216 (35.5%)
	<0.001



	
	Obese
	85 (16.5%)
	108 (21.4%)
	528 (19.1%)
	473 (20.3%)
	383 (18.8%)
	140 (15.3%)
	1717 (18.9%)
	



	Income security (ease in covering costs)
	Overweight
	788 (31.1%)
	548 (35.5%)
	395 (38.1%)
	265 (35.3%)
	951 (33.2%)
	418 (33.0%)
	3365 (33.7%)
	



	
	Obese
	245 (9.7%)
	226 (14.6%)
	149 (14.4%)
	134 (17.8%)
	428 (14.9%)
	103 (8.1%)
	1285 (12.9%)
	



	SEBS score (overweight and obese/sum of residents with the same score)
	0 (no negative factors)
	684/1825 (37.5%)
	628/1273 (49.3%)
	293/577 (50.8%)
	199/400 (49.8%)
	794/1762 (45.1%)
	466/1112 (41.9%)
	3064/6949 (44.1%)
	<0.001



	
	1 (1 negative factor)
	419/850 (49.3%)
	330/587 (56.2%)
	750/1344 (55.8%)
	612/1062 (57.6%)
	932/1877 (49.7%)
	332/778 (42.7%)
	3375/6498 (51.9%)
	



	
	2 (2 negative factors)
	169/296 (57.1%)
	97/162 (59.9%)
	771/1337 (57.7%)
	601/1030 (58.3%)
	599/1078 (55.6%)
	138/251 (55.0%)
	2375/4154 (57.2%)
	



	
	3 (3 negative factors)
	44/77 (57.1%)
	16/25 (64.0%)
	292/548 (53.3%)
	283/586 (48.3%)
	107/187 (57.2%)
	27/39 (69.2%)
	769/1462 (52.6%)
	







BMI cells display the number of participants and in brackets the incidence rate in the total population of the individual country. Cells in Education per weight status, Occupational status per weight status, and Income insecurity per weight status include the number of overweight or obese participants in each country and in brackets the incidence rate in the population under the same category of the individual country. Cells in SEBS score represent the number of overweight and obese individuals/total cell sample of participants with the same SEBS score in the country (incidence rate in the country’s population with the same SEBS score). The SEBS score was calculated by adding 1 point each time a participant indicated one of the following negative factors: education ≤ 12 years, unemployment, income insecurity (answer: difficult), with a minimum of 0 and a maximum score of 3. p-values were derived from analyses of variance.
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Table 3. Univariate and multivariate associations between sociodemographic risk factors and Overweight/Obesity risk.
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Sociodemographic Risk Factors

	
Comparator

	
Reference

	
Univariate/Unadjusted Models

OR (95% CI)

	
p-Value

	
Multivariate/Adjusted Model

OR (95% CI)

	
p-Value






	
Age

	
<45 years

	
≥45 years

	
0.54 (0.49, 0.58)

	
<0.001

	
0.71 (0.65, 0.78)

	
<0.001




	
Sex

	
Female

	
Male

	
0.24 (0.23, 0.26)

	
<0.001

	
0.24 (0.22, 0.25)

	
<0.001




	
Education

	
≤12

	
>12 years

	
1.48 (1.40, 1.58)

	
<0.001

	
1.21 (1.13, 1.29)

	
<0.001




	
Occupational status

	
Unemployed

	
Employed

	
1.00 (0.93, 1.07)

	
0.950

	
1.29 (1.19, 1.39)

	
<0.001




	
Income insecurity

	
Difficulty in covering costs

	
Ease in covering costs

	
1.37 (1.29, 1.45)

	
<0.001

	
1.37 (1.28, 1.47)

	
<0.001




	
Countries’ economic status

	
Low income

	
High income

	
1.21 (1.13, 1.30)

	
<0.001

	
1.02 (0.94, 1.10)

	
0.670




	
Under austerity measures

	
High income

	
1.19 (1.11, 1.29)

	
<0.001

	
0.98 (0.90, 1.07)

	
0.684








Values are presented as Odds Ratio (95% Confidence Interval). In the unadjusted models, variables are independently examined for their association with overweight/obesity likelihood. All variables in the adjusted model are included in one model; thus, each variable is adjusted for the rest. p-values were derived from logistic regression.
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Table 4. SEBS score and the risk of being overweight or obese based on the country’s economic status.






Table 4. SEBS score and the risk of being overweight or obese based on the country’s economic status.





	
Economic Region

	
SEBS Score

(0 = Reference)

	
OR Unadjusted

(95% CI)

	
p-Value

	
OR Adjusted

(95% CI)

	
p-Value






	
High income (Belgium and Finland)

	
1

	
1.48 (1.31, 1.68)

	
<0.001

	
1.52 (1.34, 1.73)

	
<0.001




	
2

	
1.89 (1.55, 2.30)

	
<0.001

	
2.06 (1.68, 2.53)

	
<0.001




	
3

	
1.94 (1.30, 2.90)

	
0.001

	
2.43 (1.61, 3.66)

	
0.001




	
Under austerity measures (Greece and Spain)

	
1

	
1.27 (1.12, 1.45)

	
<0.001

	
1.43 (1.24, 1.64)

	
<0.001




	
2

	
1.64 (1.43, 1.88)

	
<0.001

	
1.85 (1.59, 2.15)

	
<0.001




	
3

	
1.46 (1.21, 1.76)

	
<0.001

	
2.33 (1.9, 2.85)

	
<0.001




	
Low income (Bulgaria and Hungary)

	
1

	
1.30 (1.17, 1.46)

	
<0.001

	
1.32 (1.17, 1.49)

	
<0.001




	
2

	
1.56 (1.38, 1.76)

	
<0.001

	
1.53 (1.34, 1.74)

	
<0.001




	
3

	
1.20 (1.02, 1.41)

	
0.031

	
1.71 (1.43, 2.04)

	
<0.001




	
Total sample

	
1

	
1.37 (1.28, 1.47)

	
<0.001

	
1.43 (1.33, 1.54)

	
<0.001




	
2

	
1.69 (1.57, 1.83)

	
<0.001

	
1.76 (1.62, 1.92)

	
<0.001




	
3

	
1.41 (1.26, 1.58)

	
<0.001

	
1.99 (1.76, 2.24)

	
<0.001








OR: Odds ratios, 95% CI: 95% Confidence Interval. The OR (95% CI) column represents the odds of being overweight or obese (95% Confidence Interval) based on the SEBS score value. The SEBS score was calculated by adding 1 point each time a participant indicated one of the following negative factors: education ≤ 12 years, unemployment, or income insecurity (answer: difficult), with a minimum of 0 and a maximum score of 3. Each participant was assigned one score. p-values were derived from logistic regression. The second model is adjusted for sex and age group.
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Table 5. SEBS score and the risk of being overweight or obese based on the country’s economic status, divided by sex.






Table 5. SEBS score and the risk of being overweight or obese based on the country’s economic status, divided by sex.





	
Economic Region

	
Sex

	
SEBS Score

(0 = Reference)

	
OR Unadjusted

(95% CI)

	
p-Value

	
OR Adjusted

(95% CI)

	
p-Value






	
High income (Belgium and Finland)

	
Female

	
1

	
1.57 (1.31, 1.87)

	
<0.001

	
1.56 (1.31, 1.87)

	
<0.001




	
2

	
2.29 (1.77, 2.97)

	
<0.001

	
2.30 (1.77, 2.98)

	
<0.001




	
3

	
2.62 (1.62, 4.23)

	
<0.001

	
2.67 (1.65, 4.31)

	
<0.001




	
Male

	
1

	
1.50 (1.24, 1.81)

	
<0.001

	
1.49 (1.23, 1.80)

	
<0.001




	
2

	
1.82 (1.31, 2.53)

	
<0.001

	
1.76 (1.27, 2.45)

	
0.001




	
3

	
1.95 (0.89, 4.27)

	
0.094

	
1.96 (0.90, 4.29)

	
0.092




	
Under austerity measures (Greece and Spain)

	
Female

	
1

	
1.48 (1.21, 1.80)

	
<0.001

	
1.47 (1.20, 1.79)

	
<0.001




	
2

	
2.18 (1.77, 2.69)

	
<0.001

	
2.19 (1.77, 2.70)

	
<0.001




	
3

	
2.45 (1.92, 3.13)

	
<0.001

	
2.46 (1.93, 3.15)

	
<0.001




	
Male

	
1

	
1.42 (1.17, 1.73)

	
<0.001

	
1.42 (1.17, 1.73)

	
<0.001




	
2

	
1.53 (1.24, 1.89)

	
<0.001

	
1.53 (1.23, 1.89)

	
<0.001




	
3

	
2.30 (1.51, 3.51)

	
<0.001

	
2.29 (1.50, 3.50)

	
<0.001




	
Low income (Bulgaria and Hungary)

	
Female

	
1

	
1.65 (1.38, 1.97)

	
<0.001

	
1.64 (1.38, 1.96)

	
<0.001




	
2

	
2.21 (1.83, 2.67)

	
<0.001

	
2.21 (1.83, 2.67)

	
<0.001




	
3

	
2.74 (2.20, 3.41)

	
<0.001

	
2.75 (2.21, 3.43)

	
<0.001




	
Male

	
1

	
1.04 (0.86, 1.24)

	
0.700

	
1.05 (0.87, 1.26)

	
0.611




	
2

	
1.02 (0.84, 1.24)

	
0.833

	
1.03 (0.85, 1.25)

	
0.747




	
3

	
0.69 (0.51, 0.94)

	
0.017

	
0.70 (0.52, 0.95)

	
0.020




	
Total sample

	
Female

	
1

	
1.45 (1.31, 1.60)

	
<0.001

	
1.44 (1.30, 1.59)

	
<0.001




	
2

	
1.97 (1.76, 2.21)

	
<0.001

	
1.96 (1.75, 2.20)

	
<0.001




	
3

	
2.27 (1.97, 2.62)

	
<0.001

	
2.27 (1.97, 2.62)

	
<0.001




	
Male

	
1

	
1.45 (1.30, 1.61)

	
<0.001

	
1.44 (1.30, 1.60)

	
<0.001




	
2

	
1.57 (1.40, 1.77)

	
<0.001

	
1.56 (1.38, 1.76)

	
<0.001




	
3

	
1.44 (1.15, 1.80)

	
0.001

	
1.43 (1.14, 1.79)

	
0.002








OR: Odds ratios, 95% CI: 95% Confidence Interval. The OR (95% CI) column represents the odds of being overweight or obese (95% Confidence Interval) based on the SEBS score value. The SEBS score was calculated by adding 1 point each time a participant indicated one of the following negative factors: education ≤ 12 years, unemployment, or income insecurity (answer: difficult), with a minimum of 0 and a maximum score of 3. Each participant was assigned one score. p-values were derived from logistic regression. The second model is adjusted for sex and age group.
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