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A B S T R A C T   

Background: The incidence of metabolic syndrome (MetS) strongly varies by socioeconomic position (SEP), but 
little is known about the mediating role of health behaviours in this association. This study examines the as-
sociations between the SEP measures, education, income and occupational prestige, and incident MetS and 
whether the associations are mediated by health behaviours, including physical activity, smoking, alcohol intake 
and diet quality. 
Methods: A subsample (n = 85,910) of the adult Lifelines Cohort Study without MetS at baseline was used. MetS 
was measured at the second assessment (median follow-up time 3.8 years) defined according to the NCEP-ATPIII 
criteria. Direct associations between SEP, health behaviours and incident MetS were estimated using multivar-
iable logistic regression analyses. The mediating percentages of health behaviours explaining the associations 
between SEP and incident MetS were estimated using the Karlson-Holm-Breen method. Analyses were inde-
pendent of age, sex, the other SEP measures and follow-up time. 
Results: Education and occupational prestige were inversely associated with MetS. Income was not associated 
with MetS. Health behaviours explained only partly (13.8%) the association between education and MetS, with 
smoking as the strongest mediating factor (8.8%). Health behaviours played also a minor role (2.7%) in 
explaining occupational MetS differences, with physical activity as the strongest suppressing factor (− 9.4%). 
Conclusion: Individuals with more years of education or a higher occupational prestige had a lower risk to 
develop MetS. This was mainly because of non-smoking, less excessive alcohol intake and a higher diet quality. 
However, individuals with a higher SEP were more often physically inactive.   

1. Introduction 

Metabolic syndrome (MetS) is a global health problem and can cause 
high healthcare expenditures. MetS is a cluster of components, including 
abdominal obesity, elevated blood triglyceride levels, reduced blood 
high-density lipoprotein (HDL) cholesterol levels, elevated blood pres-
sure, and elevated fasting blood glucose levels, increasing the chances of 
cardiovascular disease, and all-cause mortality (Alberti et al., 2009). 
Increasing trends in obesity and overweight are expected to also increase 
the prevalence of MetS (Grundy, 2016). 

Socioeconomic position (SEP) is highly associated with developing 
MetS, however a clear distinction between different SEP measures, 
including education, income and occupational prestige is lacking 

(Blanquet et al., 2019). Education comprises an individual’s knowledge, 
whereas income comprises material resources and occupational prestige 
comprises social standing (Galobardes et al., 2006a; Galobardes et al., 
2006b). Given that different SEP measures reflect different types of re-
sources and therefore may be differently linked to disease mechanisms 
(Abel, 2008), it is important to examine the associations between all 
three SEP measures and MetS development. 

Understanding the mechanisms linking SEP and developing MetS is 
important to reduce socioeconomic differences in MetS development. 
Health behaviours could constitute one class of mediators as there are 
SEP differences in health behaviours and these health behaviours are 
major risk factors for developing MetS. Individuals with higher SEP 
smoke less often, have a healthier diet, but engage in more frequent 
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alcohol intake compared to their lower SEP counterparts (Broms et al., 
2004; Stringhini et al., 2010; Schoufour et al., 2018). Further, incon-
sistent results are found between SEP and total physical activity (Bee-
nackers et al., 2012). Although physical inactivity, smoking and low diet 
quality are associated with developing MetS, the link between alcohol 
intake and MetS is still unclear (Wilsgaard and Jacobsen, 2007; Sun 
et al., 2012; Julia et al., 2015; Sun et al., 2014). Differences in health 
behaviours among SEP groups in combination with the strong link be-
tween health behaviours and developing MetS, suggest that investi-
gating the mediating role of health behaviours can shed light on a 
potentially important mechanism behind socioeconomic differences in 
MetS development. 

To our best knowledge, no longitudinal studies have assessed to what 
extent health behaviours explain socioeconomic differences in MetS 
development. Therefore, our aim is to investigate which SEP measures 
are determinants of incident MetS and to what extent SEP differences in 
incident MetS are explained by health behaviours (Fig. 1). 

2. Methods 

2.1. Study design and sample 

The study sample was derived from the Lifelines Cohort Study 
(Scholtens et al., 2015). Lifelines is a multi-disciplinary prospective 
population-based cohort study examining in a unique three-generation 
design the health and health-related behaviours of 167,729 persons 
living in the North of the Netherlands. Lifelines employs a broad range of 
investigative procedures in assessing the biomedical, socio- 
demographic, behavioural, physical and psychological factors which 
contribute to the health and disease of the general population, with a 
special focus on multi-morbidity and complex genetics. The Lifelines 
adult study population is broadly representative for the adult population 
of the North of the Netherlands with respect to socioeconomic charac-
teristics, lifestyle factors, the prevalence of chronic diseases and general 
health, and risk estimates based on Lifelines data can be generalized to 

the population in the North of the Netherlands (Klijs et al., 2015). The 
study profile of Lifelines, the recruitment and the data collection are 
described elsewhere (Scholtens et al., 2015). 

The current study uses a subsample of 122,906 participants aged 18 
years and older, who had complete data for ≥ 70% of the variables 
needed for this study at baseline, and did not have MetS at baseline. 
Participants who were lost to follow-up at the second assessment (n =
30,936), for whom no MetS status could be determined based on the 
data of the second assessment (n = 6039) or who had > 30% missing 
values of the variables needed for this study on the second assessment (n 
= 21) were excluded from the analyses. Finally, 85,910 (70%) partici-
pants were included in the analyses. 

2.2. Measures and procedures 

2.2.1. Socioeconomic position 
SEP was defined by years of education, household equivalent income 

and occupational prestige measured at baseline. Educational level was 
recoded into years of education, using the number of years it would take 
to complete each category by the fastest route possible (Supplementary 
data table 1 for measurements of the relevant variables in the Lifelines 
Cohort Study) (De Graaf et al., 2000). Income was recoded as the 
household equivalent income, by dividing the midpoint of each partic-
ipant’s income category by the square root of his or her household size 
(OECD, 2018). The amounts were divided by 100, so that the model 
estimates show the difference in odds ratio (OR) of MetS for a 100-euro 
difference in household equivalent income. Occupational prestige was 
recoded from the International Standard Classification of Occupations 
2008 (ISCO08) (International Standard Classification of Occupations 
(ISCO08), n.d.) to the Standard International Occupational Prestige 
Scale 2008 (SIOPS08) (Treiman, 1977) and divided by 10, so that the 
model estimates show the difference in OR of MetS for a 10-point dif-
ference in occupational prestige score. SIOPS08 is a continuous scale 
ranging from 0 to 100, indicating low to high occupational prestige 
(Ganzeboom and Treiman, 1996). 

Fig. 1. Graphical representation of the direct associations between socioeconomic position, health behaviours and incident metabolic syndrome and the indirect 
associations via health behaviours. 
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2.2.2. Metabolic syndrome 
MetS was present if at least three of the five components according to 

the National Cholesterol Education Program’s Adult Treatment Panel III 
(NCEP-ATPIII) were present (Alberti et al., 2009). The criteria are: 1) 
Waist circumference ≥ 102 cm in male or ≥ 88 cm in female; 2) Systolic 
blood pressure ≥ 130 mmHg or diastolic blood pressure ≥ 85 mmHg or 
use of blood pressure-lowering medication; 3) Triglycerides ≥ 150 mg/ 
dL (1.7 mmol/L) or use of medication for elevated triglycerides; 4) HDL 
cholesterol < 40 mg/dL (1.0 mmol/L) in male or <50 mg/dL (1.3 mmol/ 
L) in female or use of lipid-lowering medication; 5) Fasting blood 
glucose level ≥ 100 mg/dL (≥ 5.6 mmol/L) or diagnosis of type 2 dia-
betes or use of blood glucose-lowering medication. Medication use at 
baseline was classified according to the Anatomical Therapeutic 
Chemical coding scheme (World Health Organization, 2011) and at the 
second assessment classified according to the Lifelines questionnaire. 
For every participant MetS status (yes/no) was dichotomized. 

2.2.3. Health behaviours 
Health behaviours were defined by total physical activity, smoking, 

alcohol intake, and diet quality, measured at baseline. Physical activity 
was measured using the SQUASH questionnaire and dichtomized based 
on whether participants were at least 5 days per week moderate to 
vigorous physically active for at least 30 minutes per day (yes/no) 
(Health Council of the Netherlands, 2017; Wendel-Vos et al., 2003). 
Smoking habits were categorized as never, former or current smoker. 
Alcohol intake measured with the Food Frequency Questionnaire was 
categorized as no alcohol intake, moderate alcohol intake defined as one 
glass or less alcohol per day on average, without binge drinking (more 
than three glasses alcohol on one day for females and more than four 
glasses alcohol on one day for males) or excessive alcohol intake defined 
as more than one glass alcohol per day on average or binge drinking 
(Health Council of the Netherlands, 2015; Molag et al., 2010). Diet 
quality was based on the Lifelines Diet Score (LLDS) which was based on 
the 2015 Dutch Dietary Guidelines (Vinke et al., 2018; Kromhout et al., 
2016). The LLDS is calculated as the sum of positive and negative food 
group quintile scores (range 0-48) and relative to the diet quality of the 
Lifelines population. In the current study, there were no participants 
with a LLDS of 0 and therefore participants were divided into three 
groups, according to their LLDS,’poor’ diet quality (LLDS 1-16), ’mod-
erate’ diet quality (LLDS 17-32) or ’high’ diet quality (LLDS 33-48). 

2.2.4. Covariates 
Age and sex at baseline and time between baseline and the second 

assessment were used as control variables in all models. 

2.3. Statistical analysis 

Baseline characteristics concerning demographics, MetS indicators 
and health behaviours were described. Multivariable logistic regression 
analysis, controlling for age, sex, other SEP measures at baseline and 
time between baseline and the second assessment, was used to estimate 
the direct associations between SEP, health behaviours and incident 
MetS (Fig. 1, path 1, 2 and 3). The total-, direct- (path 4) and indirect 
associations between SEP and MetS via health behaviours and the 
mediating percentages of the health behaviours were estimated using 
the Karlson-Holm-Breen (KHB) method (Karlson et al., 2012). The KHB 
method allows comparison of regression coefficients in nested non- 
linear models by fixing the residual variance on the same scale in each 
model. The results of all steps are presented as OR with 99% Confidence 
Intervals (CI), using physical activity, never smoking, moderate alcohol 
intake (Sun et al., 2014) and high diet quality as reference categories. 
Participants were excluded if three or more MetS indicators were 
missing or if it was not possible to determine whether or not they had 
MetS when they had provided information on three or four indicators 
only. Missing values on the SEP measures and the health behaviours 
were imputed using the Multiple Imputation by Chained Equation 

(MICE) method (Azur et al., 2011). MICE was used and 10 datasets were 
created with 100 iterations for each dataset. The auxiliary variables 
length and weight were used to give extra information about the 
incomplete values (White et al., 2011). The imputation model included 
the independent variables, the covariates, the mediating variables, the 
dependent variables and auxiliary variables. 

In sensitivity analyses, the robustness of the results was evaluated. To 
assess the potential role of misclassification from medication use at the 
second assessment, the analyses were repeated for a study sample only 
including participants who did not use medication during the second 
assessment (n = 46,218). To assess the potential role of unemployment 
when assessing the influence of occupational prestige in MetS devel-
opment, the analyses were repeated for a study sample only including 
participant who indicated to work at baseline (n = 67,966). Further-
more, a complete case analysis was performed to investigate differences 
in associations between the study population with imputed data and the 
complete cases (n = 51,091). In additional analyses, the role of the SEP 
indicators was further evaluated. SEP conditions are interconnected and 
the possible mediating role of income and occupational prestige in the 
causal relation between education and MetS development was assessed. 
Furthermore, to assess the accumulation of SEP indicators (e.g. a few 
years of education, a low income and a low occupational prestige) in-
teractions of the SEP indicators on MetS development were tested. As a 
final additional analysis, interactions of the SEP indicators with age and 
sex were tested to investigate whether the associations between SEP and 
MetS development differed with the associations in the full sample. To 
allow for multiple testing, interaction terms with p-values < 0.01 were 
considered to be statistically significant. All analyses were performed 
using StataMP 13 (64-bit). 

3. Results 

The mean age of the 85,910 participants was 44.5 (SD 12.4) years 
and 60.2% was female (Table 1). Most participants had finished sec-
ondary vocational education, senior general secondary education or a 
work-based learning pathway (39.4%), earned a net income between 
2500 and 3000 euros per month (17.5%) and had an occupational 
prestige of 40–50 (e.g. dental assistant) (29.3%). Half of the participants 
complied with the norm for physical activity (50.5%), most of the par-
ticipants were never smokers (46.5%), moderate alcohol drinkers 
(43.8%) and had a diet quality between 17 and 32 (70.8%). Overall, the 
differences in baseline characteristics between the study sample (n =
85,910) and the excluded participants (n = 36,996) were less than 5% 
(Supplementary data table 2). 

After a median follow-up time of 3.8 years 7.7% of the participants 
developed MetS. The results of the multivariable logistic regression 
analyses of the associations between SEP and incident MetS (path 1), 
SEP and health behaviours (path 2), health behaviours and incident 
MetS (path 3) and SEP and incident MetS independent of health be-
haviours (path 4) are presented in Table 2. Individuals with more years 
of education had a lower likelihood to develop MetS (OR 0.92, 99% CI: 
0.91–0.94). To illustrate, a participant who had followed 6 years of 
education has 11.9% (99% CI: 10.8–13.0%) risk of developing MetS, 
while if all parameters in the model were kept the same and only the 
years of education changed to 16 years, the risk of developing MetS 
decreased to 5.6% (99% CI: 5.2–6.0%) (Fig. 2). Individuals with a higher 
occupational prestige also had a lower likelihood to develop MetS (OR 
0.94, 99% CI: 0.91–0.97). To illustrate, a participant who had an 
occupational prestige of 20 (e.g. cleaner) has 8.7% (99% CI: 8.1–9.3%) 
risk of developing MetS, while if all parameters in the model were kept 
the same and only the occupational prestige changed to 70 (e.g. dentist), 
the risk of developing MetS decreased to 6.6% (99% CI: 6.0–7.2%) 
(Fig. 2). When income is used as SEP measure, no association with MetS 
development was observed (path 1). 

Regardless of the SEP measure used, participants with a higher SEP 
were less often physically active, more often moderate drinkers and had 
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more often a high diet quality compared to participants with a lower 
SEP. Participants with more years of education or a higher occupational 
prestige were less often former or current smokers (path 2). Finally, 
participants with unhealthy behaviours had a higher risk to develop 
MetS (path 3). 

The results of the multivariable total-, direct- and indirect associa-
tions and mediating percentages using the KHB method are presented in 
Table 3. The lower risk of MetS for higher educated was for 13.8% 
mediated by health behaviours. The lower risk of MetS for participants 
with a higher occupational prestige was for 2.7% mediated by health 
behaviours. The lower risk for higher educated and participants with a 
higher occupational prestige was mainly due to less smoking, a higher 
diet quality and less excessive alcohol intake. However, participants 
with a higher education and a higher occupational prestige were more 
physically inactive. The (in)direct association between income and 
incident MetS was not significant and therefore health behaviours do not 
mediate this association. 

Sensitivity analyses did not show substantively different results 
compared to the results of the full sample when using a sample including 
only participants who did not use medication during the second 
assessment, a study sample including only employed participants or a 
study sample including only complete cases (Table 4 for the associations 
between SEP and MetS development and supplementary data tables 3–8 
for detailed analyses). The first additional analysis showed that 

occupational prestige (3.5%) and a combination of occupational pres-
tige and income (21.8%) mediated the causal path between education 
and MetS development, while income alone did not mediate this path 
(Supplementary data table 9). Overall, the second additional analysis 
did not show evidence for an accumulation of SEP indicators in MetS 
development and health behaviours (p-values ≥ 0.01 for interactions). 
However, an accumulation of SEP indicators was observed for being 
physically inactive (Supplementary data table 10). The third additional 
analysis showed no differences for the associations between income and 
MetS development and occupational prestige and MetS development 
between the different strata (i.e. female and male or age groups < 45 
years and ≥ 45 years) (p-values between 0.048 and 0.546 for in-
teractions) (Supplementary data tables 11–18). Differences between the 
strata were observed for educational differences in MetS development 
and were partly explained by health behaviours, varying from 12.0% for 
younger adults, 5.7% for older adults, 12.1% for males and 16.0% for 
females with smoking in all groups as the strongest mediating factor. 
The interaction between sex and occupational prestige in MetS devel-
opment was borderline significant (p-value = 0.011 for interaction), 
with no occupational prestige differences in MetS development for 
males and the occupational prestige differences were partly explained 
by health behaviours (6.7%) for females. Although small differences 
between the strata were observed for the associations between SEP and 
MetS development and for the associations between the SEP indicators 

Table 1 
Baseline characteristics of the study population.  

Characteristics Study population (n = 85,910)a Missing values (%) 

Demographic   
Age (years), mean (SD) 44.5 (12.4) 0 
Sex (female) 60.2 0 

Socioeconomic   
Education (years), mean (SD) 12.3 (2.4) 2.1  

Lowb 26.3   
Middleb 39.4   
Highb 32.2  

Occupational prestige (SIOPS08), mean (SD) 43.8 (13.4) 3.9 
Household equivalent income (euros), mean (SD) 1555.5 (572.4) 16.0 

Metabolic syndrome indicators, meeting conditionc   

Waist circumferenced 26.2 0 
Triglyceride levele 8.8 0 
HDL cholesterolf 9.2 0 
Blood pressureg 30.5 0 
Glucose levelh 5.6 0.7 

Health behaviours   
Physical activityi 50.5 8.7 
Smoking  4.3  

Never smoker 46.5   
Past smoker 30.7   
Current smoker 18.5  

Alcohol intakej  1.8  
No alcohol intake 18.9   
Moderate alcohol intake 43.8   
Excessive alcohol intake 35.6  

Dietary qualityk  12.7  
Poor (LLDS 1–16) 8.5   
Moderate (LLDS 17–32) 70.8   
High (LLDS 33–48) 8.0  

SD: standard deviation; SIOPS08: Standard International Occupational Prestige Scale 2008; HDL: high-density lipoprotein; LLDS: Lifelines Diet Score. 
a % are presented, unless indicated otherwise. 
b Categories according to the Dutch Standard Education Format (Statistics Netherlands, 2018). 
c According to the definition for metabolic syndrome by NCEP-ATPIII. 
d ≥ 102 cm in male or ≥ 88 cm in female. 
e
≥ 1.70 mmol/L or use of medication for elevated triglycerides. 

f < 1.0 mmol/L in male or < 1.3 mmol/L in female or use of lipid-lowering medication. 
g Systolic blood pressure ≥ 130 mmHg or diastolic blood pressure ≥ 85 mmHg or use of blood pressure-lowering medication. 
h Fasting blood glucose level ≥ 5.6 mmol/L or diagnosis of type 2 diabetes or use of blood glucose-lowering medication. 
i Complies with the norm of at least 30 min of moderately intensive exercise at least five days a week. 
j According to the guidelines of the Health Council of the Netherlands. 
k According to the Lifelines Diet Score. 
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and MetS development combined for age and sex (e.g. educa-
tion*age*sex) the results are in line with the results in the full sample 
(Supplementary data tables 19–26). 

4. Discussion 

The aim of this study was to investigate which SEP measures are 
determinants of MetS development and to what extent SEP differences in 
incident MetS are explained by health behaviours. Education and 
occupational prestige were found to be strong determinants of MetS 
development, whereas income was not associated with MetS develop-
ment. An individual who has an occupational prestige on the SIOPS08 
scale (International Standard Classification of Occupations (ISCO08), n. 
d.) of 20 has a 1.3-fold higher risk of developing MetS than an individual 
who has an occupational prestige of 70. The role of education is even 
more important. An individual who has completed 6 years of education 
has a more than two-fold higher risk of developing MetS than an indi-
vidual who has completed 16 years of education. These associations 
underline the conclusions of a recent meta-analysis investigating the 
associations between SEP and MetS (Blanquet et al., 2019). Although, 
based on our additional analyses, we are aware that SEP indicators are 
interrelated, and our results show that income and occupational prestige 
partly mediate the effect of education in MetS development, our results 
also show independent relationships for the SEP indicators on the out-
comes. Our study shows the importance of distinguishing between three 
possible SEP measures and of conceptualizing SEP as a multidimensional 
concept, because not only years of education, but also occupational 
prestige has an independent relationship with MetS development. Edu-
cation and occupational prestige both reflect intellectual and cognitive 
resources, which seem to be more important in explaining MetS 

development in the Netherlands than the material resources of an in-
dividual captured by income. The Netherlands has a well-developed 
welfare state, where income does not strongly influence access to 
healthcare, but in countries with a less well-developed welfare state, 
financial resources could be more important for accessing healthcare 
facilities. 

Overall, our results show positive associations between SEP and 
healthy behaviours. Higher educated participants smoke less, have a 
higher diet quality and are less often excessive alcohol drinkers, 
consistent with previous research (Broms et al., 2004; Stringhini et al., 
2010; Schoufour et al., 2018). This was also observed for participants 
with a higher occupational prestige. At the same time, higher educated 
participants and participants with a higher occupational prestige are less 
physically active. Consistent with previous work, our results clearly 
show that physical inactivity, excessive alcohol intake, current or former 
smoking and poor diet quality increase the risk of MetS (Wilsgaard and 
Jacobsen, 2007; Sun et al., 2012; Julia et al., 2015). The higher MetS risk 
of participants who did not drink alcohol compared to moderate alcohol 
drinkers could be because the category of non-drinkers includes both 
lifetime abstainers and former drinkers. Although we do not have data to 
substantiate this, these groups could be different in terms of their risk of 
developing MetS as former alcohol drinkers could be individuals who 
stopped their drinking in response to poor health (Sun et al., 2014). 

Educational differences in MetS development were better explained 
by health behaviours than were occupational prestige differences in 
MetS development. Education is strongly associated to the development 
of healthy behaviours in early life, which shape health behaviours and 
health outcomes such as MetS in later life. Education is, in contrast to 
other SEP measures, more often seen as a stable marker for SEP and is 
less susceptible to reverse causation (Geyer et al., 2006). 

Table 2 
Multivariable logistic regression analysis of the direct associations between socioeconomic position, health behaviours and incident metabolic syndrome.   

Education Occupational prestige Income 

OR (99% CI) OR (99% CI) OR (99% CI) 

Path 1. SEP and MetS 0.92 (0.91–0.94) 0.94 (0.91–0.97) 0.99 (0.99–1.00) 
Path 2. SEP and health behaviours    

Physical activity    
No 1.04 (1.03–1.05) 1.11 (1.09–1.13) 1.01 (1.00–1.01)* 

Smoking    
Former 0.94 (0.93–0.95) 0.99 (0.97–1.01) 1.02 (1.01–1.02) 
Current 0.86 (0.85–0.88) 0.94 (0.92–0.96) 1.01 (1.00–1.01)* 
Alcohol intake    
No 0.93 (0.91–0.94) 0.94 (0.92–0.96) 0.97 (0.97–0.98) 
Excessive 0.96 (0.95–0.97) 0.99 (0.97–1.01) 1.01 (1.01–1.02) 

Diet quality    
Moderate (LLDS 17–32) 0.89 (0.87–0.91) 0.98 (0.94–1.00)* 0.99 (0.98–0.99) 
Poor (LLDS 1–16) 0.78 (0.76–0.80) 0.90 (0.86–0.94) 0.98 (0.97–0.99) 

Path 3. Health behaviours and MetS    
Physical activity    
No 1.27 (1.18–1.37) 1.27 (1.18–1.37) 1.27 (1.18–1.37) 
Smoking    
Former 1.13 (1.04–1.22) 1.13 (1.04–1.22) 1.13 (1.04–1.22) 
Current 1.45 (1.32–1.59) 1.45 (1.32–1.59) 1.45 (1.32–1.59) 
Alcohol intake    
No 1.40 (1.28–1.54) 1.40 (1.28–1.54) 1.40 (1.28–1.54) 
Excessive 1.07 (0.98–1.15) 1.07 (0.98–1.15) 1.07 (0.98–1.15) 

Diet quality    
Moderate (LLDS 17–32) 1.17 (1.02–1.35) 1.17 (1.02–1.35) 1.17 (1.02–1.35) 
Poor (LLDS 1–16) 1.34 (1.12–1.62) 1.34 (1.12–1.62) 1.34 (1.12–1.62) 

Path 4. SEP and MetS independent of health behaviours    
Physical activity 0.92 (0.90–0.94) 0.94 (0.91–0.97) 0.99 (0.99–1.00) 
Smoking 0.93 (0.91–0.94) 0.94 (0.92–0.97) 0.99 (0.99–1.00) 
Alcohol intake 0.92 (0.91–0.94) 0.94 (0.92–0.97) 1.00 (0.99–1.00) 
Diet quality 0.92 (0.91–0.94) 0.94 (0.92–0.97) 1.00 (0.99–1.00) 
Health behaviours combined 0.93 (0.91–0.95) 0.94 (0.91–0.97) 1.00 (0.99–1.00) 

OR: odds ratio; CI: confidence interval; SEP: socioeconomic position; MetS: metabolic syndrome; the analyses were independent of years of education, household 
equivalent income, occupational prestige, age and sex at baseline and time between baseline and the second assessment; reference categories for the health behaviours 
were physically active, never smoker, moderate alcohol intake and high diet quality. 

* P < 0.01 for associations with 1.00 at the lower or upper bound of the CI. 
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Smoking was the most important health behaviour to explain 
educational differences in MetS development. While a combination of 
the health behaviours explained occupational prestige differences in 
MetS development. Participants with a higher occupational prestige 

were less likely to be physically active, but the lower risk of MetS 
development for participants with a higher occupational prestige holds. 
These results of partial mediation by health behaviours support other 
study findings assessing the potential modifiable risk factors for SEP 
differences in type 2 diabetes (Robbins et al., 2005; Williams et al., 
2010; Smith et al., 2013; Kumari et al., 2004; Stringhini et al., 2012; 
Maty et al., 2011). In our study, we examined the mediating role of total 
physical activity in the SEP – MetS relationship. Among individuals 
active on the labour market, it would be interesting to further examine 
whether this mediating role operates in the same way for leisure-time 
physical activity and occupational physical activity. Individuals with a 
higher SEP could on average perform more leisure-time physical activity 
and less occupational physical activity, while for individuals with a 
lower SEP this could be the other way around (Coenen et al., 2018). 

This study has several important strengths. First, the longitudinal 
design and the large study sample allowed us to study the relationship 
between SEP and the development of MetS. Second, our results extend 
previous work by assessing not only type 2 diabetes as health outcome, 
but focusing on MetS to assess socioeconomic health differences. Third, 
results are likely to be generalizable to the population of the North of the 
Netherlands (Klijs et al., 2015). This study also has some limitations. 
First, the self-reported health behaviours were measured at baseline. As 
the associations between SEP, the health behaviours and MetS were 
consistent with the literature, we assume that health behaviours have 
not changed much over time. Second, the presence of MetS at the second 
assessment was determined without taking specific medication use at 
the second assessment into account. However, a sensitivity analysis 
including only participants who did not use prescribed medication, did 
not change the results and therefore we assume that the associations 
would not change if specific medication use at the second assessment 
was taken into account. 

Fig. 2. Bar charts of the risk of metabolic syndrome at second assessment in percentage (with 99% CI) per year of education followed at baseline (left) and 
occupational prestige at baseline (right). 

Table 3 
Multivariable mediation analysis of health behaviours in the associations be-
tween socioeconomic position and incident metabolic syndrome using the 
Karlson-Holm-Breen method.   

Education Occupational 
prestige 

Income 

OR (99% CI) OR (99% CI) OR (99% CI) 

Total association 0.92 
(0.90–0.94) 

0.94 (0.91–0.97) 1.00 
(0.99–1.00) 

Direct association 0.93 
(0.91–0.95) 

0.94 (0.91–0.97) 1.00 
(0.99–1.00) 

Indirect 
association 

0.99 
(0.99–0.99) 

1.00 (1.00–1.00)* 1.00 
(1.00–1.00)    

Percentage 
(%) 

Percentage 
(%) 

Percentage 
(%) 

Mediating effects    
Physical activity − 2.5 − 9.4 − 10.8 
Smoking 8.8 4.9 − 10.8 
Alcohol intake 3.7 5.1 32.9 
Diet quality 3.8 2.1 7.2 
Health behaviours 
combined 

13.8 2.7 18.6 

OR: odds ratio; CI: confidence interval; SEP: socioeconomic position; MetS: 
metabolic syndrome; the analyses were independent of years of education, 
household equivalent income, occupational prestige, age and sex at baseline and 
time between baseline and the second assessment. 

* P < 0.01 for associations with 1.00 at the lower or upper bound of the CI. 
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5. Conclusion 

Findings in this study suggest that interventions to decrease MetS 
development and improve health behaviours may reduce, but not 
eliminate, SEP differences in developing MetS. The fact that health be-
haviours did not account entirely for the associations between SEP and 
MetS development shows that efforts in future research should focus on 
other mediating pathways. Future research should not only focus on 
health behaviours but also on social- and environmental levels of so-
cioeconomic disadvantaged groups, such as life events and self- 
management. Furthermore, instead of studying health behaviours in 
general, differentiation within the four health behaviours, e.g. differ-
entiating for domains of physical activity, alcoholic drinks and food 
groups, would be an interesting avenue of future research. In conclusion, 
each SEP measure is differently associated with the development of 
MetS. If we want to reduce socioeconomic differences in MetS devel-
opment, and ensure that all groups benefit from it, individuals with a 
lower SEP need to stop smoking and attention should be paid to alcohol 
intake and diet quality and individuals with a higher SEP need to be 
more aware of their physical activity. 
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