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Abstract 

OBJECTIVE Socioeconomic disadvantages during childhood are hypothesised to have negative 

implications for health. We aimed to investigate the association between socioeconomic disadvantages 

and children’s total metabolic syndrome (MetS) score at baseline and follow-up and the extent to which 

socioeconomic disadvantages over time and the accumulation of these socioeconomic disadvantages can 

affect children’s MetS risk.  

METHODS The two-year longitudinal IDEFICS study included 2,401 European children (aged 2.0-9.9) 

with complete information of the 16,229 participating at baseline. Sociodemographic variables, 

psychosocial factors and lifestyle were proxy-reported via questionnaires. Socioeconomically 

disadvantaged groups included children from families with low income, low education, migrant origin, 

unemployed parents, parents who lacked a social network, and from non-traditional families. MetS risk 

score was calculated as the sum of z-scores of waist circumference, blood pressure, lipids and insulin 

resistance. Linear mixed-effects models were used to study the association between social disadvantages 

and MetS risk. Models were adjusted for sex, age, well-being and lifestyle (fruit and vegetables 

consumption, physical activity, screen time).  

RESULTS At both time points, children from low-income families (0.20 [0.03-0.37]); β estimate and 

99% confidence interval), children from non-traditional families (0.14 [0.02-0.26]), children whose 

parents were unemployed (0.31 [0.05-0.57]) and children who accumulated more than 3 disadvantages 

(0.21 [0.04-0.37]) showed a higher MetS score compared to non-socioeconomically disadvantaged 

groups.  

CONCLUSION Children from socioeconomically disadvantaged families are at high metabolic risk 

independently of diet, physical activity, sedentary behaviours and well-being. Interventions focusing on 

these socioeconomically disadvantaged groups should be developed to tackle health disparities. 
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Introduction 

Cardiovascular diseases are the most common cause of death in adults worldwide[1]. Risk factors for 

cardiovascular diseases and diabetes include abdominal obesity, hypertension, insulin resistance (IR), 

elevated triglycerides (TG) and reduced high-density lipoprotein cholesterol (HDL-C) tending to cluster 

as the metabolic syndrome (MetS)[2]. MetS affects over 24.3% of European adults with a higher 

occurrence in Southern than in Northern Europe[3]. According to a study conducted in European children 

aged 2.0-10.9, prevalence of MetS was 5.5%[4]. Although this percentage is lower in children than in 

adults, increasing rates of childhood obesity and sedentary lifestyle during the last decades could be 

associated with an increased prevalence of MetS in children and adolescents in the future[5]. 

 

Socioeconomic status (SES) is one of the main determinants of MetS in children and adults[6]. SES 

(often measured by determining education, occupation and income) is inversely associated with obesity 

and diabetes, both linked to MetS. Children and adults with low SES are more likely to have a poor diet, 

low levels of physical activity (PA) and high levels of sedentary behaviours and therefore, they show 

higher rates of obesity and diabetes than children and adults with high SES[7]. Higher SES in childhood 

has been associated with a lower risk for MetS more than 30 years later in adulthood independently of 

cardiometabolic risk factors in childhood and participants’ SES in adulthood[8]. These results emphasize 

that obesity and MetS tracks into adulthood[9].   

 

Despite some studies have analyzed the impact of low SES on MetS[6], there are other under-researched 

disadvantages in early life[10]. Additionally, most studies did not consider relevant information on mental 

health and lifestyle or focused on adults. Socioeconomic disadvantages are defined here as family and 

socioeconomic exposures negatively affecting children through behavioral, mental health and biological 

factors. Socioeconomic disadvantages in children have been linked with unhealthy lifestyles, higher 

levels of obesity and a poorer well-being compared to non-socioeconomically disadvantaged groups[11-

14].  

 

In this study we used the general term socioeconomically disadvantaged groups, which included two low 

SES groups (children from families with low income and low education) and four social vulnerable 
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groups (children whose parents were migrants, children whose parents lacked a social network, children 

from non-traditional families and children with unemployed parents).  

Despite a vast literature has investigated the association between parental SES and children’s lifestyle and 

obesity very few studies have studied the impact that parental socioeconomic disadvantages can have on 

children MetS risk. Prospective studies are needed to understand whether social disadvantages during 

childhood can have early consequences on metabolic parameters. Using longitudinal data these results 

would help to identify children at a higher risk of developing cardiovascular diseases in adulthood.   

This prospective study aimed to investigate the association of 1) the six above-mentioned socioeconomic 

disadvantages and children’s total MetS score at baseline and follow-up; 2) socioeconomic disadvantages 

over time and children’s total MetS score at follow-up and 3) accumulation of these socioeconomic 

disadvantages and children’s total MetS score at baseline and follow-up, in a large cohort of European 

children. 

 

Materials and methods 

Study population 

The Identification and Prevention of Dietary-and Lifestyle-induced Health Effects in Children and Infants 

(IDEFICS) study is a multi-centre prospective cohort study including a school- and community-based 

obesity prevention intervention[15]. Eight pairs of mutually comparable areas were allocated in eight 

European countries (Belgium, Cyprus, Estonia, Germany, Hungary, Italy, Spain and Sweden) to either 

control status or intervention status (Table S1). For comprehensive information about IDEFICS, a 

detailed description is given in Ahrens et al.[16]. In the baseline survey (T0), 16,229 children aged 2.0-

9.9 participated from September 2007 to June 2008. Follow-up (T1) took place two years later 

(September 2009-June 2010) applying same standardised assessments where 11,041 children aged 4.0–

11.9 were re-examined. Parents or legal guardians gave written informed consent for examinations and 

data collection for their children, while children expressed oral consent. Ethical approval was obtained 

from the research ethics authority of each participating centre.  

 

Socioeconomically disadvantaged groups  

The following information was obtained from parental questionnaires.   

Education: parents indicated their highest level of education. Response categories for each country were 

coded according to the International Standard Classification of Education (ISCED 1997) and re-
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categorised into three categories: low (ISCED level 0-2), medium (ISCED level 3-4) and high (ISCED 

level 5-6)[17]. The highest level of education of either the mother or the father was considered. 

Income: parents provided information on household monthly net income responding to nine country-

specific categories (from lowest category, 1, to highest category, 9). Results were organised into three 

categories: low (1-3), medium (4-6) and high income (7-9).  

Social network: a minimal social network was assumed if parental answer to ‘How many persons, 

including your family, do you know that you can definitely rely on in cases of need?’ was either 

‘Nobody’ or ‘1 person’. A strong social network was defined when response was ≥2 persons. 

Family structure: children from ‘Traditional families’ lived with both biological parents and ‘non-

traditional families’ included single-parent families, stepparent families, living with grandparents, other 

relatives or adults, foster parents or in an institution. 

Origin of parents: a migrant background was assumed if one or both parents were born in a country 

different from where study took place.  

Employment status: children with unemployed parents were those with either the mother or the father 

being unemployed or living on social assistance or welfare. 

We calculated a total score by adding up the number of socioeconomic disadvantages a child was exposed 

to (low education, low income, minimal social network, non-traditional family, migrant, unemployed). 

Score ranged from 0-6 and was divided into four categories (three to six disadvantages, two 

disadvantages, one disadvantage and no disadvantages). 

 

Waist circumference 

Waist circumference (WC) (cm) was measured in upright position with relaxed abdomen and feet 

together, midway between the lowest rib margin and the iliac crest to the nearest 0.1 cm with an inelastic 

tape (Seca 200). 

 

Blood pressure 

Blood pressure (mmHg) was measured with an electronic sphygmomanometer (Welch Allyn 4200B-E2, 

USA). This electronic device has been validated and it records accurately blood pressure[18]. Before 

taking a blood pressure measurement, children were asked to sit for at least 5 min. Two measurements 

were taken with 2 min interval in between. When first and second measurements differed by >5% a third 
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measurement was taken. For statistical analyses, the average of the two measurements was used. In case 

of three measurements, the average of the two measurements with the smallest difference was used. 

 

Blood collection for lipid and glucose homeostasis 

Depending on participants’ preferences venepuncture or capillary sampling were used to collect fasting 

blood. A more detailed description about blood sampling procedures can be found in Ahrens et al[4].  

Assessment of blood glucose, HDL-C and TG was performed on site at each study center within 5 min of 

blood withdrawal by placing one drop of blood in the ‘point-of-care’ analyzer Cholestech LDX 

(Cholestech, Hayward, CA, USA). Blood samples were analysed using a luminescence immunoassay 

(AUTO-GA Immulite 2000, Germany) for insulin (μIU/ml). The homeostasis model assessment 

(HOMA)[19] was used as measure of IR with this formula: HOMA=fasting insulin (μIU/ml)×fasting 

glucose (mg/ dl)/405. 

 

Metabolic syndrome score 

MetS score, developed by Ahrens et al.[4], was calculated as the sum of sex- and age-specific z-scores of 

WC, HOMA-IR index, mean of z-scores of diastolic and systolic blood pressure (SBP, DBP) and mean of 

z-score of HDL cholesterol multiplied by -1 and z-score of triglycerides (TG). A higher score suggests a 

higher metabolic risk. 

 

Covariate information 

Child sex, age, country and information on children´s well-being and lifestyle factors was collected using 

proxy-reported questionnaires during baseline survey.  

Children’s well-being score 

A well-being score was calculated based on questions on emotional well-being, self-esteem, family 

relations and social contacts[20] adopted from KINDL®[14]. This score ranged from 12–48 with higher 

values indicating a better well-being[21].  

Lifestyle indicators 

Fruits and vegetables consumption was obtained using the food frequency section of Children’s Eating 

Habits Questionnaire[22]. This questionnaire is a validated screening tool where parents reported usual 

ACCEPTED MANUSCRIPT



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

at-home consumption frequencies of 42 food items of the previous four weeks. To have a healthy diet 

indicator we summed reported weekly intake frequencies of fresh fruits, raw and cooked vegetables. 

Physical activity: Parents reported weekly hours children spent playing outdoors and participating in 

sports club activities in the previous month.  

Screen time (ST): Parents reported daily ST their children spent on audio-visual media (TV, video, DVD, 

computer, game console) for a typical weekday and weekend day. 

 

As respondents with missing socio-economic information may not be a random subset of population-

based survey participants and excluding records with missing income information from analyses may bias 

study results[23], missing values in socio-economic variables and vulnerability indicators were coded as a 

separate category. 

After excluding children with missing values in MetS score at baseline or follow-up, well-being score and 

any lifestyle indicators at baseline, this analysis finally included 2,401 children (52.4% boys) 

(Supplemental Figure S1).  

 

Statistical analyses 

For descriptive purposes, children were divided in two categories: at risk of MetS (≥90
th

 percentile of 

MetS score) versus not at risk (<90
th

 percentile of MetS score).  

Linear mixed-effects models were used to assess cross-sectional and prospective associations between the 

six disadvantaged groups and MetS score. All models included a random kindergarten/school and a 

random country effect to account for the clustered study design.  

One cross-sectional and three prospective analyses were conducted. For each exposure assessed at T0, a 

model was estimated to evaluate associations with children’s MetS score at T0. In prospective analyses, 

we related 1) each exposure at T0 with children’s MetS at T1; 2) socioeconomic disadvantages over time 

(disadvantaged at T0 and T1, disadvantaged at T0 and non-disadvantaged at T1, non-disadvantaged at T0 

and disadvantaged at T1 and non-disadvantaged at T0 and T1) and children´s MetS score at T1 and 3) 

accumulation of socioeconomic disadvantages at T0 and children’s MetS score at T0 and T1. Since 

migrant status does not change between baseline and follow-up, patterns of socioeconomic disadvantages 

were investigated for the other disadvantaged groups only. 
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All models were adjusted for baseline age, sex, children’s well-being score and lifestyle factors 

(frequency of fruit and vegetable consumption, PA and total ST). Social vulnerabilities were also adjusted 

for parental education and income to assess the effect independent of classical SES indicators. For 

prospective analyses, a variable indicating intervention versus control region was added and models were 

additionally adjusted for baseline outcome values (children’s MetS at T0).  

Before model building, correlations among socioeconomic disadvantages were checked ranging from 

r=0.01 to r=0.47. The largest correlation was found between occupation and income (r=0.47) such that 

parental occupation was not included in the models together with the other socioeconomic disadvantages 

to avoid collinearity problems.   

Significance level was set at p<0.01 to account at least partially for multiple testing. Analyses were 

performed using the Statistical Package for the Social Sciences (version 22.0; SPSS). 

 

3. Results 

Table 1 summarises distributions of predictors and covariates stratified by children’s MetS risk at T0 and 

T1. At T1, older children, males, children with socioeconomic disadvantages or with missing information 

on socioeconomic disadvantages studied (except for parental education) had a higher percentage of MetS 

risk than their counterparts without socioeconomic disadvantages. Children at risk for MetS had lower 

fruit and vegetables consumption, lower well-being score and higher ST compared to those not at risk, 

while mean PA was lower at T1 only. 

Table 2 presents β estimates (β), 99% confidence intervals (CI) and p-values for models assessing cross-

sectional and prospective associations between six socioeconomically disadvantaged groups and 

children’s MetS score at baseline and follow-up, respectively. At T0, in models with basic adjustment, 

children from low-income families (β 0.17 [99%CI 0.01-0.31]) and children from families with a low (β 

0.28 [99%CI 0.04-0.52]) and medium (β 0.17 [99%CI 0.06-0.28]) parental education showed a 

significantly higher MetS score compared to the corresponding non-socioeconomically disadvantaged 

groups. In fully-adjusted models (additionally adjusted for well-being score and lifestyle factors) β 

estimates were attenuated rendering them statistically insignificant (except for children from families with 

medium education). 

Table 3 displays results for associations between patterns of socioeconomic disadvantages over time and 

children’s MetS score at T1. In fully-adjusted models, children from non-traditional families at both time 
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points (β 0.14 [99%CI 0.02-0.26]) and children with unemployed parents at baseline and follow-up (β 

0.31 [99%CI 0.05-0.57]) had a significantly higher MetS score compared to children who were living 

with both biological parents and compared to children whose parents were employed at T0 and T1, 

respectively. 

Despite the lack of statistical significance, results pointed to the expected direction for all socioeconomic 

disadvantages, i.e. MetS risk was higher in children showing disadvantaged patterns. A similar high risk 

of MetS at T1 was found in children with missing information on their family structure or parental social 

network compared to children of traditional families or strong social network parents.  

Table 4 shows associations between accumulation of six socioeconomic disadvantages assessed at 

baseline and MetS score at T0 and T1. Children with 3 or more socioeconomic disadvantages 

accumulated had a significantly higher MetS score at T1 (β 0.21 [99%CI 0.04-0.37]) compared to 

children with less socioeconomic disadvantages. Results at T0 pointed to the same direction though not 

reaching statistical significance.  

 

Sensitivity analyses  

Role of covariates:  

Unadjusted models showed stronger associations between socioeconomic disadvantages on children’s 

MetS score than fully adjusted models. Concerning the roles of covariates, β estimates were attenuated 

when adding lifestyle factors and children’s well-being. The greatest attenuation was found when adding 

ST to the models. Adjustment for classical SES (in models assessing the effect of social vulnerabilities) 

only slightly attenuated associations.  

 

Individual components of MetS 

Results of effects socioeconomic disadvantages can have on individual components of MetS [WC, BP 

(mean of SBP and DBP), blood lipids (mean of TG and inverse HDL levels) and IR (homeostasis model 

assessment, HOMA-IR)] can be found in supplementary material (Table S2-S4). Out of the social 

disadvantages investigated, parental education and employment status revealed the strongest associations 

with MetS components. Associations were mainly found for HOMA-IR, SBP and WC.  

 

 

ACCEPTED MANUSCRIPT



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

Discussion 

This prospective study indicates early childhood socioeconomic disadvantages are associated with a 

higher metabolic risk in children. Particularly, children from non-traditional families at baseline and 

follow-up, children whose parents were unemployed at baseline and follow-up and children who 

accumulated more than 3 socioeconomic disadvantages showed a significantly higher MetS score 

compared to non-disadvantaged groups. These relations were independent of children’s well-being score 

and lifestyle factors (fruit and vegetables consumption, PA, ST), although adjustment for lifestyle factors 

attenuated associations. Children from low-educated and low-income families at baseline also had a 

higher metabolic risk at T0. However, these results were no longer significant after adjusting for 

children’s well-being score and lifestyle factors. This suggests education and income act as causes-of-

causes, i.e. SES seems to impact on well-being and lifestyle which further affects the metabolic risk. 

While some studies have investigated the effect that early socioeconomic disadvantages can have on 

childhood MetS, to our knowledge the effect that the patterns of disadvantages over time and the 

accumulation of disadvantages can have on MetS risk score and every single component of the metabolic 

risk have not been investigated yet. Our analyses allowed to assess prospectively the consequences that 

early socioeconomic disadvantages could have. While MetS risk score is higher in children from low-

income families, non-traditional families, children with unemployed parents and in children with three or 

more disadvantages, HOMA-IR seemed to be the component most affected by these disadvantages. These 

results highlight that early interventions could help preventing diabetes type 2 and cardiometabolic 

diseases in young children. 

 

Possible mechanisms 

Some theories have sought to explain the reasons why MetS risk is more common among 

socioeconomically disadvantaged groups i.e. due to mental health, biological and behavioural factors.  

Stress over time has been linked to obesity and MetS[24]. Disadvantaged groups might be more exposed 

to chronic stress due to, among others, social isolation, financial constraints and lack of social support, 

which could result in negative parental cognitions, behaviors and a stressful context in children's lives. 

Stress can produce short-term adaptive changes in metabolism turning into maladaptive when organism is 

under long-term stress[25]. Chronic stress increases the activity of hypothalamic-pituitary-adrenal axis 

and sympathetic nervous system, which activate central pathways that stimulate the release of 
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glucocorticoids (i.e. cortisol) and catecholamines. Excessive and sustained cortisol secretion has been 

associated with all components of MetS, potentially via an acute inflammatory immune response[26,27].  

Another possible explanation on how socioeconomic disadvantages may increase the risk of MetS is its 

association with unhealthy lifestyle behaviours including overeating, consumption of energy-dense foods, 

higher sedentary behaviours and lower levels of PA[11-13].  

 

Socioeconomic status: parental education and income 

Our results are consistent with previous literature indicating an inverse relationship between SES and 

MetS in developed and developing countries[28, 29]. Nevertheless, most studies assessing the risk factors 

of MetS have been conducted in adults[28-30] and only a few in children[31]. In a Canadian study, 

participants aged 10-18 from households with the highest SES had the lowest prevalence of one or more 

MetS risk factors[31]. Another study concluded lower SES in childhood could be associated with an 

increased risk of MetS, impaired fasting glucose and type 2 diabetes in adulthood[8]. According to this 

31-year follow-up study, disadvantages in early life have negative future consequences on health. These 

studies have not considered key variables such as ST and well-being proven to have a potentially 

mediating role. In our study, associations were attenuated after adjusting for lifestyle indicators and 

children´s well-being, above all regarding education and income. Children from low-educated and low-

income families are more likely to live in more deprived neighborhoods with lower availability of fresh 

products, more fast-food outlets and few recreational opportunities resulting in poorer lifestyles and well-

being, supporting the role of these variables as causes-of-causes[32].   

 

Social network 

A low social network of parents has been found to be negatively related to different obesity-related 

lifestyles in children[12-14]. Children of parents with low social networks were more likely to show an 

eating pattern characterized by a high consumption of snacks and fast food, lower levels of PA, higher 

levels of ST and more psychosocial problems than children whose parents reported to have a stronger 

social network. Contrary to our expectations, social network was not a relevant predictor of MetS risk but 

results pointed to the expected direction.  
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We are not aware of any papers investigating association of parent’s social network and children’s MetS 

but in adults, several studies have indicated MetS risk was higher in individuals with a lower social 

support, irrespective of SES[24]. 

 

Family structure 

Our results showed children with a non-traditional family structure and those children whose parents did 

not offer any information regarding this question had a higher MetS score compared to children who were 

living with both biological parents. Previous investigations indicated children from non-traditional 

families had more psychosocial problems than children from traditional families[14, 33]. Parents in non-

traditional families might have lower levels of organization, less emphasis on active-recreational pursuits 

and less cohesion than traditional families, which might be disruptive for children and cause higher levels 

of stress[34]. Moreover, risk factors of MetS such as physical inactivity and obesity seemed to be 

different in traditional and non-traditional families. Indeed, children from non-traditional families are less 

likely to participate in organized sports[35] and have higher levels of overweight/obesity[36].  

 

Migrant background 

Some studies have focused on the impact that migrant status or some ethnicities could have on the risk of 

MetS, showing a higher prevalence of MetS in migrants than in natives[37]. Children with a migrant 

background may be at a higher risk of MetS as they have low-quality diets, higher levels of ST, more 

psychosocial problems and higher levels of obesity than native peers[11-14]. Despite previous findings, 

our results did not suggest an increased risk of MetS in migrant children. Additionally, specific ethnicity 

including genetic factors might influence perceived stressors and behavior, which was not assessed in this 

study[11]. 

 

Employment status 

Children with unemployed parents at baseline and two-years later had a higher risk of MetS than children 

whose parents were employed at both time points. This was the strongest predictor of a higher MetS in 

children independently of education and income. Having a job goes beyond the notion of earning a salary 

affecting family and children’s daily life and lifestyle, self-esteem, social life, and well-being[38]. We 

believe this is the first work investigating the relationship between parental employment status and risk of 
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MetS in children. Nevertheless, consistent with our results, one study in adults found the OR for MetS 

was two times higher in those unemployed compared to employed subjects[39]. Unemployment entails 

anxiety, distress, depression and a decrease in activity in adults[38] that might be felt by children and may 

worsen their lifestyle factors and mental health and subsequently their MetS risk[12-14]. 

 

Accumulation of socioeconomic disadvantages 

Our findings revealed children who accumulated 3 to 6 socioeconomic disadvantages were at a higher 

risk of MetS than children with no disadvantages and this effect seemed to be stronger after two years. 

Several studies have reported a dose-response relationship between number of socioeconomic 

disadvantages and increased risk for cardiometabolic diseases[40], which is consistent with our result. 

 

Strengths and limitations 

We acknowledge this study has limitations. The final sample was limited to children providing blood 

samples at baseline and follow-up, which reduced the sample included in these analyses. Moreover, 

children excluded from the analysis were more likely to belong to socioeconomically disadvantages 

groups and to be overweight/obese than children included in the analysis. Since a substantial proportion 

of children did not participate in the study or were excluded from the final analysis a selection bias in this 

study cannot be precluded and therefore, results should be interpreted with caution. Finally, important 

information on health determinants such as quantity of salt and sugar intake, alcohol habits, smoking and 

illicit drugs was not assessed in the present study and could hence not be considered.  

Major strengths of this study include: prospective design, large sample of European children of different 

ages including repeated blood collections; consideration of lifestyle factors and psychosocial well-being 

of children as mediators; standardized covariate assessment and the use of a continuous MetS risk score 

based on newly derived reference values. To our knowledge, no other prospective investigation has 

studied the impact of a set of socioeconomic disadvantages in children on the total MetS risk score.  

 

Conclusion 

Early life exposure to socioeconomic disadvantages, particularly, living in low-educated families, having 

a non-traditional family structure and parental unemployment, are associated with higher MetS risk 

during childhood. Lifestyle factors and children’s well-being are significant mediators attenuating the 
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association between socioeconomic disadvantages and metabolic risk. Despite the independent effect of 

socioeconomic disadvantages on MetS, socioeconomic disadvantages can be seen as causes-of-causes 

because they seem to influence children’s well-being and lifestyle, which further affect metabolic risk. 

These results highlight the importance of focusing on children of socioeconomically disadvantaged 

groups in order to decrease prevalence of MetS and health inequalities in adulthood.  
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Table 1. Description of the study population, stratified by children’s metabolic syndrome risk score (Mets) (at risk/not at risk) at 

baseline (T0) and follow-up (T1). Number of participants and percentages are shown for categorical variables and mean for the 

continuous variables. 

Total 2401 (100%) 
 

MetS risk score at T0 MetS risk score at T1 

Categorical variables at baseline 
 

Age groups 
     At risk Not at risk A     At risk Not at risk 

   2.0-6.0 years  853 (35.5%) 9.8 90.2  9.3 90.7  
   6.0-9.9 years  1548 (64.5%) 10.1 89.9  10.7 89.3  

Sex of the child        

   Male  1257 (52.4%) 10.3 89.7    10.7 89.3  
   Female  1144 (47.6%) 9.7 90.3  9.5 90.5  

Country        

   Italy  343 (14.3%) 22.4 77.6  23.9       76.1  
   Estonia  304 (12.7%) 9.9 90.1 6.2 93.8 

   Belgium  99 (4.1%) 6.1 93.9 5.1 94.9 

   Sweden  416 (17.3%) 2.6 97.4 3.4 96.6 
   Germany  201 (8.4%) 3.5 96.5 2.0 98.0 

   Hungary  552 (23%) 12.7 87.3 14.3 85.7 

   Spain  486 (20.2%) 8.0 92.0 8.4 91.6 
        

SOCIOECONOMIC DISADVANTAGES        

Parental income         
   Low  634 (26.4%) 17.0 83.0  17.4 82.6  

   Medium  696 (29.0%) 8.2 91.8  8.6 91.4  

   High 974 (40.6%) 6.9 93.1  6.3 93.7  
   Missing 97 (4.0%) 8.2 91.8  13.4 86.6  

Parental education (ISCED)         

   Low  134 (5.6%) 22.4 77.6  22.4 77.6  
   Medium  1037(43.2%) 12.5 87.5  13.3 86.7  

   High 1227 (51.1%) 6.5 93.5  6.2 93.8  

   Missing  3 (0.1%) 0.0 100.0  0.0 100.0  

Social networka        

   Minimal 257 (10.7%) 10.9 89.1  13.2 86.8  

   Strong    2130 (88.7%) 9.9 90.1  9.8 90.2  
   Missing  14 (0.6%) 14.3 85.7  14.3 85.7  

Family structureb         

   Non-traditional family   414 (17.2%) 11.4 88.6  13.3 86.7  
   Traditional family  1973 (82.2%) 9.8 90.2  9.5 90.5  

   Missing 14 (0.6%) 0.0 100.0  14.3 85.7  

Migrant status        
   Migrant origin  235 (9.8%) 8.9 91.1  10.6 84.4  

   Native  2160 (90.0%) 10.1 89.9  10.1 89.9  

   Missing 6 (0.2%) 0.0 100.0  16.7 83.3  

Employment status        

   Unemployed  130 (5.4%) 12.3 87.7  13.8 86.2  

   Non-unemployed  2228 (92.8%) 9.6 90.4  9.8 90.2  
   Missing 43 (1.8%) 20.9 79.1  16.3 83.7  

Patterns of parental income         

   D-D 384 (16.0%) 16.7 83.3  17.2 82.8  

   D-ND 158 (6.6%) 14.6 85.4  11.4 88.6  

   ND-D 116 (4.8%) 15.5 84.5  12.1 87.9  
   ND-ND 1388 (57.8%) 6.8 93.2  6.8 93.2  

   Missing 355 (14.8%) 11.5 88.5  14.6 85.4  

Patterns of parental education         
   D-D 111 (4.6%) 20.7 79.3  19.8 80.2  

   D-ND 35 (4.5%) 25.7 74.3  28.6 71.4  

   ND-ND 2094 (87.2%) 9.0 91.0  9.1 90.9  
   Missing 161 (6.7%) 11.8 88.2  13.7 86.3  

Patterns of social network         

   D-D 106 (4.4%) 8.5 91.5  11.3 88.7  
   D-ND 131 (5.5%) 12.2 87.8  14.5 85.5  

   ND-D 131 (5.5%) 10.7 89.3  9.9 90.1  

   ND-ND 1858 (77.4%) 9.8 90.2  9.5 90.5  
   Missing 175 (7.3%) 10.9 89.1  13.1 86.9  

Patterns of family structure         

   D-D 266 (11.1%) 10.2 89.8  13.5 86.5  

   D-ND 107 (4.5%) 12.1 87.9  12.1 87.9  

   ND-D 102 (4.2%) 15.7 81.4  18.6 81.4  

   ND-ND 1757 (73.2%) 9.4 90.6  8.8 91.2  
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   Missing 169 (7.0%) 10.7 89.3  13.0 87.0  

Patterns of employment         

   D-D 47 (2%) 14.9 85.1  17.0 83.0  

   D-ND 65 (2.7%) 10.8 89.2  10.8 89.2  
   ND-D 156 (6.5%) 14.7 85.3  12.2 87.8  

   ND-ND 1885 (78.5%) 8.8 91.2  9.2 90.8  

   Missing 248 (10.3%) 14.9 85.1  14.9 85.1  

Number of socioeconomic disadvantagesc        

   3-6 disadvantages 138 (5.7%) 18.1 81.9  21.7 79.3  

   2 disadvantages 273 (11.4%) 12.5 87.5  11.4 88.6  
   1 disadvantage 571 (23.8%) 12.6 87.4  11.6 88.4  

   0 disadvantages 1172 (48.8%) 6.9 93.1  6.7 93.3  

   Missing 247 (10.3%) 11.3 88.7  15.8 84.2  
 

CONTINUOUS VARIABLES (MEAN, SD)       
 Fruit-vegetables [times/week] 18.0 (10.8)  17.3 (10.7)  18.1 (12.4)    17.2 (11.4)   18.1 (10.8)   

 Physical Activity [h/week]                        18.5 (10.2)  18.5 (11.3) 18.5 (10.0) 19.4 (12.6) 18.4 (9.9)  

 Total screen time [h/week] 11.6 (6.9)  13.1 (8.6) 11.4 (6.7)      13.5 (8.4)  11.4 (6.7)  
 Well-being scored  40.1 (4.4)   39.4 (4.6)  40.2 (4.4)     39.2 (4.6)  40.2 (4.5)  

SD Standard Deviation, D-D Disadvantaged at T0 and T1, ND-D Non-Disadvantaged at T0 and Disadvantaged at T1, ND-ND Non-

Disadvantaged at T0 and T1.  
a Social network was assessed with the question how many persons they could rely on in case of need: minimal (0-1 person) and strong 
(2 persons).  
b Family structure: If the child did not live with both biological parents, the family was defined as a ‘non-traditional family’.  

c A total score was calculated by adding up the scores (1 vs 0) of the six disadvantages (low education, low income, minimal social 

network, non-traditional family, migrant background, unemployed). Total score ranges from 0 (the child has none of the six 

disadvantages) to six (the child has all six disadvantages). 

d The range of the well-being score was 12–48, the higher values indicating better well-being.
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Table 2.  Associations between socioeconomic disadvantages at baseline and children’s metabolic syndrome 

risk score (MetS) at T0 (baseline) and T1 (follow-up).  Results from linear mixed-effects models: β estimates, 

99% confidence intervals (CI) and p-values are shown. 

                      METS RISK SCORE AT T0                                                                  METS RISK SCORE AT T1 

         Basic Adjustmenta                      Full Adjustmentb Basic Adjustmentc                      Full Adjustmentd 

  β 99% CI   p-value β 99% CI p-value β     99% CI  p-value β         99% CI    p-value 

Parental education             

High (Reference) 0.00   0.00   0.00   0.00   

Low   0.28 0.04-0.52 0.002 0.24 -0.03-0.48 0.011 0.15 -0.02-0.32 0.021 0.13 -0.04-0.30 0.050 

Medium 0.17 0.06-0.28 0.000 0.15 0.04-0.26 0.000 0.07 -0.09-0.15 0.022 0.06 -0.02-0.14 0.059 

Missing -0.08 -1.54-1.37 0.878 -0.19 -1.66-1.28 0.734 -0.48 -1.53-0.57 0.237 -0.55 -1.61-0.51 0.179 

             

Parental income             

High (Reference) 0.00   0.00   0.00   0.00   

Low   0.17 0.01-0.31 0.004 0.14 -0.01-0.29 0.017 0.06 -0.04-0.16 0.166 0.05 -0.03-0.48 0.251 

Medium 0.09 -0.03-0.21 0.072 0.07 -0.05-0.20 0.142 0.01 -0.07-0.10 0.706 0.01 0.04-0.26 0.827 

Missing 0.05 -0.26-0.27 0.958 -0.04 -0.30-0.21 0.917 -0.01 -0.20-0.17 0.805 -0.02 -0.21-0.17 0.741 

             

Social networke,f             

Strong (Reference) 0.00      0.00   0.00   

Minimal  -0.03 -0.25-0.20 0.724 -0.12 -0.29-0.04 0.057 0.07 -0.06-0.18 0.131 0.07      -0.04-0.19 0.129 

Missing 0.37 -0.02-0.76 0.015 0.12 -0.54-0.79 0.630 -0.05 -0.53-0.43 0.781 0.03        -0.51-0.43 0.816 

             

Family structuree,g             

Traditional (Reference) 0.00      0.00      

Non-traditional  -0.05 -0.18-0.09 0.365 -0.05 -0.19-.0.08 0.315 0.10 -0.00-0.20 0.010 0.10 -0.00-.0.20 0.013 

Missing -0.15 -0.81-0.50 0.539 -0.16 -0.82-0.49 0.518 0.23 -0.23-0.70 0.196 0.23 -0.23-0.70 0.202 

             

Migrant statuse             

Native (Reference) 0.00      0.00   0.00   

Migrant origin  0.02 -0.15-0.19 0.779 0.01 -0.17-0.18 0.969 0.00 -0.14-0.14 0.670 -0.02 -0.15-0.10 0.583 

Missing 0.24 -0.76-1.24 0.534 0.27 -0.73-1.27 0.483 0.34 -0.38-1.05 0.226 0.36 -0.35-1.08 0.190 

             

Employment statuse             

Employed (Reference) 0.00   0.00   0.00   0.00   

Unemployed  -0.03 -0.25-0.20 0.724 -0.03 -0.26-0.20 0.705 0.12 -0.04-0.28 0.063 0.12 0.06-1.95 0.051 

Missing 0.37 -0.02-0.76 0.015 0.35 -0.03-0.74 0.020 0.06 -0.21-0.34 0.566 0.06 -0.22-0.34 0.590 

Statistically significant results considering 99% CI are shown in bold font. 

All models include random effects (school/kindergarten, country) to account for the study design. 

a Basic models at T0 were adjusted for baseline age and sex. 

b Full models at T0 were additionally adjusted for well-being score and lifestyle indicators (frequency of fruit and vegetable 

consumption, physical activity, total screen time) at baseline. 

c Basic models at T1 were adjusted for baseline age, sex, study region (intervention v. control) and children’s metabolic risk 

syndrome score at T0. 

d Full models at T1 were additionally adjusted for well-being score and lifestyle indicators: frequency of fruit and vegetable 

consumption, physical activity, total screen time and well-being score at baseline. 

e Additionally adjusted for classical SES indicators (parental education and income) in basic and full models at T0 and T1. 

f Social network was assessed with the question how many persons they could rely on in case of need including their family: 

minimal (0-1 person) and strong (>2 persons). 

g Family structure: If the child did not live with both his/her parents, the family was defined as a ‘non-traditional family’. 
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Table 3.  Longitudinal associations between patterns of socioeconomic disadvantages from T0 (baseline) 

to T1 (follow-up) and children’s metabolic syndrome (MetS) risk score at T1. Results from linear mixed-

effects models: β estimates, 99% confidence intervals (CI) and p-values are shown.  

 

  

SOCIOECONOMIC DISADVANTAGES OVER TIME              METS RISK SCORE AT T1a                     

Parental income  β 99% CI p-value  

   ND-ND (Reference)  0.00    

   D-D  0.06 -0.07-0.18 0.248  

   D-ND   -0.07 -0.22-0.08 0.252  

   ND-D   0.11 -0.06-0.28 0.112  

   Missing  0.05 -0.06-0.16 0.271  

      

Parental education      

   ND-ND (Reference)  0.00    

   D-D   0.07 -0.11-0.25 0.342  

   D-ND   0.28 -0.02-0.58 0.016  

   Missing  0.05 -0.09-0.20 0.366  

      

Social networkb,c      

   ND-ND (Reference)  0.00    

   D-D  0.10 -0.08-0.28 0.152  

   D-ND   0.05 -0.10-0.21 0.395  

   ND-D   -0.01 -0.17-0.15 0.851  

   Missing  0.10 -0.04-0.25 0.071  

      

Family structureb,d       

   ND-ND (Reference)  0.00    

   D-D   0.14 0.02-0.26 0.002  

   D-ND   0.05 -0.13-0.22 0.510  

   ND-D   0.08 -0.10-0.26 0.252  

   Missing  0.12 -0.03-0.27 0.035  

      

Employment statusb      

   ND-ND (Reference)  0.00    

   D-D  0.31 0.05-0.57 0.002  

   D-ND   0.01 -0.21-0.23 0.916  

   ND-D   0.02 -0.12-0.17 0.692  

   Missing  0.05 -0.07-0.17 0.308  

D-D Disadvantaged at T0 and T1, D-ND Disadvantaged at T0 and Non-Disadvantaged at T1, ND-D Non-Disadvantaged at T0 and 

Disadvantaged at T1, ND-ND Non-Disadvantaged at T0 and T1. 

Statistically significant results considering 99% CI are shown in bold font. 

All models include random effects (school/kindergarten and country) to account for the study design. 
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a Models were adjusted for baseline age, sex, study region (intervention v. control), children’s metabolic risk syndrome at baseline, 

well-being score and lifestyle indicators at baseline: frequency of fruit and vegetable consumption, physical activity and total screen 

time. 

b Additionally adjusted for classical SES indicators (parental education and income). 

c Social network was assessed with the question how many persons they could rely on in case of need including their family: 

minimal (0-1 person) and strong (>2 persons). 

d Family structure: If the child did not live with both his/her parents, the family was defined as a ‘non-traditional family’. 
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Table 4. Association between the accumulation of socioeconomic disadvantages at T0 and children´s metabolic syndrome (MetS) risk score at T0 and T1.  Results from the linear 

mixed-effects models: β estimates, 99% confidence intervals (CI) and p-values are shown. 

 

ACCUMULATION OF SOCIOECONOMIC  

DISADVANTAGES AT T0 

  

METS RISK SCORE AT T0a                                  METS RISK SCORE AT T1b                    

 β 99% CI p-value       β 99% CI p-value    

Number of socioeconomic disadvantages at T0c                

   0 disadvantages (Reference) 0.00         0.00      

   3-6 disadvantages                                                 0.18 -0.05-0.41 0.052       0.21 0.04-0.37 0.001    

   2 disadvantages -0.10 -0.28-0.07 0.128       0.02 -0.10-0.15 0.668    

   1 disadvantage 0.01 -0.11-0.14 0.770       0.03 -0.05-0.12 0.358    

   Missing 0.05 -0.12-0.22 0.474       0.08 -0.04-0.21 0.091    

All models include random effects (school/kindergarten and country) to account for the study design. 

Statistically significant results considering 99% CI are shown in bold font. 

a Models at T0 were adjusted for baseline age, sex, well-being score and lifestyle indicators: frequency of fruit and vegetable consumption, physical activity, total screen time and well-being score at baseline. 

b Models at T1 were additionally adjusted for study region (intervention v. control) and children’s metabolic risk syndrome at T0. 

c A total score was calculated by adding up the scores (1 vs 0) of the six disadvantages (low education, low income, minimal social network, non-traditional family, migrant background, unemployed). Total score 

ranges from 0 (the child has none of the six disadvantages) to six (the child has all six disadvantages). 

 

ACCEPTED MANUSCRIPT



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

 

Highlights 

 Disadvantages in childhood were related to higher metabolic syndrome (MetS) risk  

 Non-traditional families and unemployment contributed most to MetS risk 

 Insulin resistance, systolic blood pressure and waist circumference were affected 

 Lifestyle factors and children’s well-being are significant mediators  
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Figure 1


