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This thesis aims to generate knowledge on socioeconomic inequalities in work and health 

with a special focus on self-reported physical, functional and mental health status, type 2 

diabetes mellitus (T2DM), and employment status. In this general discussion the main 

findings of this thesis are summarized and discussed. In addition, the methodological 

strengths and limitations, the implications for policy and practice and the implications for 

research are addressed.  
 

Main findings  
The main findings are summarized per research question. 

 

Research question 1 (Chapter 2): Do absolute and relative socioeconomic health inequalities 

differ across age groups by indicator of socioeconomic position (SEP), health outcome, and 

gender? 

Absolute and relative socioeconomic health inequalities differ across age groups by indicator 

of SEP (i.e. educational level and household income), health outcome (i.e. physical and 

mental health), and gender. Absolute inequalities were most pronounced for mental health 

by household income in males. For that combination, inequalities were larger in younger 

than older age groups. Relative inequalities were most pronounced for physical health by 

educational level in males. Again, inequalities were larger in younger than older age groups. 

 

Research question 2 (Chapter 3): Do low educational level and poor physical and mental 

health status interact on unemployment across stages of the work life? 

Both low educational level and poor health (i.e. poor mental and physical health) were 

associated with unemployment across stages of the work life. Interaction between low 

education and poor mental health status on unemployment was observed in early (i.e. 

participants aged 25-34), mid (i.e. participants aged 35-49), and late (i.e. participants aged 

50-64) work life stages, i.e. the combined effect of low education and poor mental health 

status was larger than the sum of the risk factors separately. The interaction effect 

decreased with work life stage. For poor physical health, an interaction with low education 

on unemployment was observed for those in mid work life.  

 

 

 

Research question 3 (Chapter 4): What is the effect of retirement on the trajectory of 

functional health decline and to what degree does SEP modify these pre- and post-retirement 

changes in functional health? 

Average levels of limitations in mobility and large muscle functions increased significantly in 

the years prior to retirement. This increase slowed down after retirement, most prominently 

for limitations in large muscle functions. The increase in functional limitations before 

retirement tended to be smaller for people retiring at older ages, but the increase of 

functional limitations after retirement tended to be greater. Higher SEP was associated with 

a slower increase of functional limitations prior to retirement. After retirement, a less clear 

pattern was found as only higher wealth was associated with a slower increase of limitations 

in mobility functions.   

 

Research question 4 (Chapter 5): Do low SEP and T2DM family history interact on T2DM 

prevalence and do behavioral and clinical risk factors explain this interaction?  

Both low SEP and T2DM family history were associated with T2DM. Interaction between low 

SEP and T2DM family history on T2DM was observed in females but not in males, although 

at generally lower absolute rates in females than in males. Behavioral and clinical risk factors 

partly explained this interaction. Nevertheless, compared to males and females with a high 

SEP without T2DM family history, those with low SEP and T2DM family history still had 

threefold odds for T2DM after adjustment for behavioral and clinical risk factors.   

 

Research question 5 (Chapter 6): Do low SEP and a high genetic risk score (GRS) for T2DM 

interact on T2DM prevalence and incidence and do behavioral and clinical risk factors explain 

this interaction? 

Both low SEP and a high GRS were associated with T2DM in cross-sectional and longitudinal 

analyses. Interaction between low SEP and a high GRS was observed in cross-sectional but 

not in longitudinal analyses. However, even in the absence of interaction, the five-year risk 

to develop T2DM was two and half times higher for participants with a low SEP and a high 

GRS than for their high SEP counterparts with a low GRS. Behavioral and clinical risk factors 

mostly explained the cross-sectional and longitudinal associations and the cross-sectional 

interaction, of low SEP and a high GRS with T2DM.  
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Research question 6 (Chapter 7): What are determinants of high baseline participation rates 

in large population-based biobank studies? 

Participation rates were highest for population-based biobank studies involving face-to-face 

recruitment, for studies in which participants were visited for an examination, for studies in 

which at maximum four measurements were performed, and for studies performed in Asia. 

Specific strategies to improve participation, like sending reminders, were not associated with 

higher participation rates. 

  

 

 

Discussion of the main findings 
We found that low SEP was persistently associated with poor self-reported physical, 

functional and mental health status, T2DM and unemployment. We showed that other risk 

factors for these outcomes, like transgenerational risk factors (i.e. T2DM family history and 

high GRS for T2DM), may exacerbate the negative impact of low SEP, and vice versa. We also 

found that age is an important factor in the context of socioeconomic health inequalities as 

the magnitude of socioeconomic inequalities, and possible exacerbation of low SEP by other 

risk factors, differed across age groups. The results presented in this thesis may help to 

identify groups at risk for poor self-reported physical, functional, and mental health, T2DM, 

and unemployment. In the following sections, we discuss the main findings, compare them 

with other studies and what this adds to available knowledge.  

  

Age and socioeconomic inequalities in work and health 

We demonstrated that the magnitude of socioeconomic health inequalities differs across 

age groups (Chapter 2), that the presence and magnitude of the interaction between low 

education and poor health on unemployment differs across work life stages (Chapter 3), and 

that the increase in functional limitations before retirement tended to be greater for people 

retiring at younger ages and for people with a low SEP (Chapter 4). The finding that age may 

affect the presence and magnitude of socioeconomic health inequalities is in line with 

previous studies.1-5 For example, House et al1,2 showed that socioeconomic inequalities in 

functional limitations are relatively small in early adulthood, widen through middle and early 

old age, and then decrease in later old age. Widening socioeconomic health inequalities in 

middle and early old age may be the result of cumulative disadvantage among people with a 

low SEP. Cumulative disadvantage regards e.g. the disadvantage people experience 

regarding trained capacity, structural location, and available resources.6,7 While 

socioeconomic health inequalities across age groups in cross-sectional studies may represent 

patterns of ageing over the life course indeed (i.e. an age effect), they may also be the result 

of period or cohort effects that produce differences due to periods or between birth cohorts 

but manifest themselves as age differences.2 Research from a life course perspective with a 

long follow-up period and several birth cohorts may help to better understand cumulative 

disadvantage and age, period, and cohort effects,8,9 but even then it is often difficult to 
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completely disentangle them.10 Our findings are likely to be explained by a combination of 

age, period, and cohort effects, with age and cohort effects probably being the major drivers 

for the difference in socioeconomic health inequalities across age groups as previously 

shown by House et al.2 

The decreasing interaction effect of low education and poor mental health on 

unemployment by work life stage may also be explained by age, period, and cohort effects. 

Regarding age effects, people in their early work life have less work-experience than those in 

their mid or late work life which may make it more difficult for them to get employed. 

Furthermore, people may select themselves into less challenging occupations over time, 

making poor mental health a smaller threat for unemployment in late than in earlier work 

life.11 Regarding period effects, due to changing labor markets, employment opportunities 

have decreased for people at the lower end of the educational spectrum.12 In addition, the 

financial crisis may have hit people in their early work life hardest because it became more 

difficult to enter the labor market, especially with a low educational level and/or poor 

health. Regarding cohort effects, young people with a low educational level have become a 

smaller but also more vulnerable group,13 i.e. they now regard a more extremely 

disadvantaged group than in the past. Again, our findings are likely to be explained by a 

combination of age, period, and cohort effects. Age and cohort effects are the likely drivers 

for the decrease of the interaction effect by work life stage because people in their late work 

life have more accumulated work experience and because it is more common to have a low 

educational level compared with people in their early work life. 

The greater increase in functional limitations (i.e. a greater decline of functional 

health) before retirement among people retiring at younger ages and among people with a 

low SEP may be explained by poor health status and cumulative disadvantage over the life 

course. Previous research demonstrated that poor health can be an important factor for 

early retirement.14,15 Cumulative disadvantage over the life course among workers with a 

low SEP may contribute to a faster increase in functional limitations prior to retirement and 

to a poorer health status in general, which may cause them to retire earlier than workers 

with a high SEP. Currently, the statutory retirement age in the Netherlands is gradually 

increasing to 67 years in 2021.16 After that, the standard retirement age is linked to gains in 

life expectancy.16 No exceptions are being made based on years spent in work, job type, or 

SEP. Given the results presented in Chapter 4, this may become problematic for many older 

 

 

workers as increasing the retirement age will most likely be accompanied by an increase of 

the share of older workers having functional limitations, especially among workers with a 

low SEP.  

 

Transgenerational risk and socioeconomic inequalities  

Transgenerational risk factors for T2DM may contribute to socioeconomic inequalities in 

T2DM through the reinforcement of the negative effect of low SEP, partly through 

behavioral and clinical risk factors. A family history positive for T2DM (Chapter 5) and low 

SEP were shown to exacerbate each other’s impact on T2DM prevalence in females. Genetic 

predisposition for T2DM measured with a personalized GRS (Chapter 6) and low SEP were 

shown to exacerbate each other’s impact on T2DM prevalence but not on its incidence in 

both genders. The finding that transgenerational risk factors and low SEP may reinforce each 

other’s impact is supported by previous findings that during a follow-up period of 18 years, 

the effect of genetic risk on HbA1c levels was smaller among people with more years of 

schooling.34 We could not demonstrate interaction between high genetic predisposition and 

low SEP with T2DM incidence during our relatively short follow-up period of five years. 

However, the risk to develop T2DM was clearly higher for people with a high genetic 

predisposition and low SEP, even in the absence of interaction.  

Family history had stronger associations and interactions with SEP regarding T2DM 

than a GRS, especially in females. This may be explained by the notion that family history 

captures both the genetic predisposition for T2DM and the shared environment within a 

family whereas a GRS only captures genetic predisposition. Previous studies indeed showed 

that behavioral and clinical risk factors like obesity, hypertension, energy consumption, 

physical inactivity and smoking tend to cluster in families.17-25 Family history of T2DM may 

capture these and other unmeasured factors that cluster in families and may therefore be a 

better overall predictor of T2DM than a GRS regarding the evaluation of transgenerational 

transmitted risks.  

Behavioral and clinical risk factors mostly explained associations and interactions of 

transgenerational risk factors and low SEP on T2DM. These findings are supported by many 

previous studies that showed that behavioral and clinical risk factors partly mediate the 

relationship between low SEP and T2DM.26-29 Our finding adds that this also holds for the 

effect of the interaction between transgenerational risk factors and low SEP.  
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Measurement of socioeconomic position 

In this thesis, SEP was mainly based on educational level. Although educational level is an 

important part of SEP, it does not cover the full concept. Educational level mostly reflects an 

individual’s knowledge assets, cognitive functioning, and health literacy.30,31 Occupational 

status gives a better reflection of social status and income is the best indicator for actual 

living standards.30,31 Socioeconomic inequalities in work and health as presented in this 

thesis may thus mostly reflect differences in knowledge and skills according to SEP and less 

that of social status or material circumstances. However, in the Netherlands, education is a 

widely used indicator for SEP and it has been shown to better capture the effects of SEP than 

income for chronic kidney disease, for example.32 Moreover, results presented in Chapter 4, 

where the modifying role of SEP on trajectories of functional health decline was examined, 

were similar for different indicators of SEP (i.e. educational level, occupational status, 

wealth). Therefore, findings presented in this thesis may differ somewhat in magnitude 

when other indicators of SEP are used, but main conclusions are likely to be similar. 

 

The Northern Netherlands 

Findings presented in this thesis are mostly based on data from the Lifelines Cohort and 

Biobank Study (Chapters 2, 3, 5, and 6). Lifelines is performed in the three northern 

provinces of the Netherlands. Although the study population of Lifelines is broadly 

representative for these provinces,33 it may differ somewhat from the rest of the 

Netherlands. Especially in the boundaries of the Northern provinces, the proportion of 

people with a low education, a low income, and disability benefits is higher compared to 

most other parts of the Netherlands.34-36 Furthermore, the prevalence of overweight, 

obesity, smoking, and excessive drinking tends to be higher compared to most other parts of 

the Netherlands.37-40 This suggests that the Northern provinces, and especially the 

boundaries of the Northern provinces, are faced with pronounced problems related to low 

SEP, which even may cluster in families, which may have increased the power of our 

research to detect socioeconomic differences. 

 

 

 

 

 

Determinants of participation rates in large population-based biobank studies 

Participation rates were high for studies with a personal recruitment approach (i.e. face-to-

face recruitment) and for studies with a relatively low participation burden (i.e. participants 

get visited for an examination and at maximum four physical measurements). These findings 

may help explain the participation rates of the Lifelines Cohort and Biobank Study, from 

which data was used for most chapters in this thesis (Chapters 2, 3, 5, and 6). In Lifelines, 

participation rates for recruitment through general practitioners (GPs) were low (i.e. 24.5%) 

but participation rates through recruitment of family members were relatively high (i.e. 

70.2%).41 An explanation may be that the latter route of recruitment is more personal than 

recruitment through the GP. Our finding is in line with those of previous studies that 

personal recruitment improves the participation rates in randomized controlled trials,42,43 

possibly because it is easier to emphasize the importance of the study.  

We also showed that participation rates were high for studies with a relatively low 

participation burden. The participation burden in Lifelines was relatively high. Participants 

had to visit a research center, underwent an extensive physical examination, and fasting 

blood samples were collected. A relatively great investment in time and effort was therefore 

necessary to participate. In combination with the relatively un-personal recruitment method 

through GPs, this may possibly explain the relatively low participation rates for recruitment 

through GPs in Lifelines.  

 

Methodological considerations 
In this section, we discuss the methodological issues regarding the study samples, the 

measurement of outcome and exposure variables, and the degree to which our study 

supports inferences on causality.  

 

Study sample 

For this thesis we used cross-sectional and longitudinal data from the Lifelines Cohort and 

Biobank Study (Chapters 2, 3, 5, and 6) and longitudinal data from the Health and 

Retirement Study (HRS) (Chapter 4). The large sample sizes of Lifelines and the HRS allowed 

for precise estimates of associations and interactions, and for subgroup analysis using 

several categories of SEP and age. Lifelines had a low initial participation rate for recruitment 
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possibly because it is easier to emphasize the importance of the study.  

We also showed that participation rates were high for studies with a relatively low 

participation burden. The participation burden in Lifelines was relatively high. Participants 

had to visit a research center, underwent an extensive physical examination, and fasting 

blood samples were collected. A relatively great investment in time and effort was therefore 

necessary to participate. In combination with the relatively un-personal recruitment method 

through GPs, this may possibly explain the relatively low participation rates for recruitment 

through GPs in Lifelines.  

 

Methodological considerations 
In this section, we discuss the methodological issues regarding the study samples, the 

measurement of outcome and exposure variables, and the degree to which our study 

supports inferences on causality.  

 

Study sample 

For this thesis we used cross-sectional and longitudinal data from the Lifelines Cohort and 

Biobank Study (Chapters 2, 3, 5, and 6) and longitudinal data from the Health and 

Retirement Study (HRS) (Chapter 4). The large sample sizes of Lifelines and the HRS allowed 

for precise estimates of associations and interactions, and for subgroup analysis using 

several categories of SEP and age. Lifelines had a low initial participation rate for recruitment 
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through general practitioners (GPs) (24.5%) but a high initial participation rate for 

recruitment through family members (70.2%).41 The HRS had a high initial participation rate 

of 81.6%.44 Both studies had high overall retention rates during follow-up, i.e. >80% 

(Lifelines) and >70% (HRS).44 Given the low initial participation rate of Lifelines, the 

likelihood for selection bias might be substantial.45-48 Assessment of the representativeness 

of the Lifelines study population, however, indicates that the study population is broadly 

representative for the population of the Northern Netherlands.33 This suggests that the low 

participation rate did not lead to a major selection bias. Nevertheless, people with a low SEP, 

measured as low educational attainment (i.e. only elementary education), were somewhat 

underrepresented in Lifelines, i.e. 5% in Lifelines versus 14% in the Netherlands.33 Therefore, 

we might have underestimated rates of poor health and unemployment as these are related 

to low SEP. It is unlikely that selection bias had any influence on the presented associations, 

and thereby interactions, because associations are less likely to be affected by selection 

bias.49-52   

 

Quality of obtained data 

Outcome variables 

Information bias may have affected our findings regarding physical, functional, and mental 

health status as self-reported data was used to measure these health domains. However, 

misclassification of physical and mental health status on a large scale seems unlikely because 

we used the RAND-36 questionnaire,53 which is valid and reliable.54 Moreover, bias due to 

missing data is presumably low because only a maximum of 2.6% of the data on physical and 

mental health status was missing. Information bias regarding functional health, measured as 

the number of functional limitations, also seems limited, as this regards measures with 

established good psychometric properties.55 Finally, the likelihood for bias due to missing 

data seems negligible as only a maximum of 0.8% of the data on functional health status was 

missing.  

Misclassification regarding T2DM diagnosis is likely to be limited due to the 

comprehensive assessment of T2DM. T2DM diagnosis was based on objective measures of 

FPG (i.e. FPG ≥7.0 mmol/L) and HbA1c (i.e. HbA1c ≥6.5%),56 on medication use recorded and 

coded by trained research staff (i.e. ATC codes A10A and A10B),57 and on self-reports of 

T2DM and T2DM medication use. This comprehensive assessment reduced the likelihood of 

 

 

misclassification of T2DM to a great extent. We only had 4.4%, 4.7%, and 0.1% missing data 

on FPG, HbA1c, and self-reported T2DM, respectively. Bias due to missing data thus seems 

limited as well.  

 It is similarly unlikely that (un)employment was misclassified on a large scale as 

participants could indicate their employment status according to clear specific pre-specified 

categories and could mark multiple options (e.g. work ≥12 - <20 hours per week and 

homemaker). With only 1.1% missing data on employment status, bias is limited.   

 

Exposure variables 

Misclassification of SEP operationalized as educational level (Chapters 2-6), wealth (Chapter 

4), and occupational status (Chapter 4) seems to be limited as categories for educational 

level were extensively pre-specified, wealth was based on a detailed set of questions taking 

assets and debt components into account,55 and occupational status was categorized 

according to the International Standard Classification of Occupations.58 We had a maximum 

of only 2.7% missing data on educational level in Lifelines and 0.0% in the HRS, respectively. 

We further had 0.0% and 5.9% missing data on wealth and occupational status, respectively. 

Bias due to missing data on these SEP indicators is therefore small. Misclassification of SEP 

operationalized as household income (Chapter 2) may have occurred to some degree. We 

did not correct the household income for the number of household members. We further 

had 17.7% missing data on household income, which may have introduced some bias. 

Therefore, we may have underestimated the risk of poor self-reported physical and mental 

health due to low SEP using household income as indicator.  

Misclassification of transgenerational risk factors for T2DM (i.e. family history of 

T2DM and GRS) may have occurred to some degree. Regarding a family history of T2DM, 

participants may not have been aware of having a first-degree relative with the disease. 

However, it seems likely that most people are aware of a first-degree relative having such a 

well-known chronic health condition, especially in a stable population such as in the 

Northern Netherlands. Nevertheless, misclassification cannot be completely excluded. There 

was no missing data regarding family history of T2DM due to the measurement, making bias 

due to missing data not possible. Misclassification regarding the GRS seems limited because 

the GRS was based on single-nucleotide polymorphism (SNP) from the latest large meta-

analysis of genome-wide association studies in European populations supplemented with 
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4), and occupational status (Chapter 4) seems to be limited as categories for educational 

level were extensively pre-specified, wealth was based on a detailed set of questions taking 

assets and debt components into account,55 and occupational status was categorized 

according to the International Standard Classification of Occupations.58 We had a maximum 

of only 2.7% missing data on educational level in Lifelines and 0.0% in the HRS, respectively. 

We further had 0.0% and 5.9% missing data on wealth and occupational status, respectively. 

Bias due to missing data on these SEP indicators is therefore small. Misclassification of SEP 

operationalized as household income (Chapter 2) may have occurred to some degree. We 

did not correct the household income for the number of household members. We further 

had 17.7% missing data on household income, which may have introduced some bias. 

Therefore, we may have underestimated the risk of poor self-reported physical and mental 

health due to low SEP using household income as indicator.  

Misclassification of transgenerational risk factors for T2DM (i.e. family history of 

T2DM and GRS) may have occurred to some degree. Regarding a family history of T2DM, 

participants may not have been aware of having a first-degree relative with the disease. 

However, it seems likely that most people are aware of a first-degree relative having such a 

well-known chronic health condition, especially in a stable population such as in the 

Northern Netherlands. Nevertheless, misclassification cannot be completely excluded. There 

was no missing data regarding family history of T2DM due to the measurement, making bias 

due to missing data not possible. Misclassification regarding the GRS seems limited because 

the GRS was based on single-nucleotide polymorphism (SNP) from the latest large meta-
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recently discovered SNPs.59-62 However, there are pitfalls when identifying SNPs, such as 

errors in their estimated effect, which could have affected the development of this GRS.63 In 

addition, as it is assumable that not all SNPs related to T2DM are yet discovered,60,61 

classification of genetic risk could differ in future studies when additional SNPs related to 

T2DM are taken into account. Although possible, given the current state of knowledge, 

misclassification of the GRS seems negligible.  

Information bias and thereby misclassification regarding smoking status, alcohol 

consumption, and physical activity is possible given the self-reported nature of the data, and 

the tendency of people to underestimate alcohol consumption and to overestimate physical 

activity levels.64,65 Moreover, in Chapters 5 and 6, we had 8.0% and 4.3% missing data on 

smoking, 4.0% and 2.1% on alcohol consumption, and 6.2% and 9.1% on physical activity, 

respectively. In addition, in Chapter 6 we were not able to detail participants’ alcohol 

consumption regarding the number of consumptions per day. The measurement and missing 

data of these behavioral risk factors may have resulted in an under-estimation of the 

mediating effect of smoking, alcohol consumption, and physical activity on the associations 

and interactions of transgenerational risk factors and SEP on T2DM.    

 The likelihood of information bias on clinical risk factors for T2DM is low due to 

objective measurements and few missing data. The clinical risk factors overweight (i.e. BMI 

≥25.0 - ≤29.9), general obesity (i.e. BMI ≥30.0), abdominal obesity (i.e. WC ≥102 cm in males, 

WC ≥88 cm in females), and hypertension (i.e. BP >140/90 mm Hg or recorded anti-

hypertensive medication use) were based on objective measures obtained by trained 

research staff using standardized protocols and calibrated measuring equipment at one of 

the Lifelines research centers.41 The likelihood of information bias and misclassification 

regarding these risk factors was thereby reduced to a great extent. In addition, there were 

very few missing data on these variables (0.0% in Chapter 5 and 0.1% in Chapter 6).  

 

Attribution of causality and confounding 

Causality 

The longitudinal study design applied in Chapters 4 and 6 reduced the possibility of reverse 

causation to a great extent. In Chapter 4, the longitudinal design allowed to examine the 

trajectory of functional health decline 8 years before and 8 years after retirement. In 

Chapter 6, the longitudinal design allowed us to examine the associations and interactions of 

 

 

SEP and genetic predisposition with T2DM incidence over a period of five years. Because 

participants with T2DM at baseline were excluded, reverse causation is unlikely. 

The cross-sectional study design applied in Chapters 2, 3, 5, and 6 does not allow 

inferences about causality as the direction of the examined associations cannot be 

determined. Moreover, the nature of the design does not allow inferences about age, 

period, and cohort effects.2 Age, period, and cohort effects probably occur to at least some 

degree but can only be disentangled with longitudinal data from several birth cohorts.2 In 

Chapter 3, where we examined associations and interactions of low education and poor 

health with unemployment, reverse causality seems likely for the relationship between 

health and unemployment. Unemployment may result from poor health, i.e. “health 

selection”, but poor health may also result from unemployment, i.e. “health causation”.11 

Moreover, the direction of the relationship may change during the life course. The 

relationship between low education and unemployment may be more straightforward, i.e. 

low education leads to unemployment and not the other way around. However, common 

underlying causes may still affect both educational level and health, and may contribute to 

the risk for unemployment. Children with mental health problems for example, tend to have 

more problems at school and may experience more difficulties with the transition into the 

labor market.66 Longitudinal studies with several birth cohorts are needed to extend our 

knowledge on causality and the influence of age, period, and cohort effects. 

In Chapters 5 and 6, where we examined associations and interactions of SEP and 

transgenerational risk factors on T2DM prevalence, reverse causation may explain our 

findings but this seems unlikely. A route might be that T2DM affects SEP by limiting work 

participation, increasing absenteeism, and early retirement.67 However, educational level, 

the indicator for SEP as used, has usually been established long before T2DM develops. This 

decreases the likelihood of reverse causation, except for cases of juvenile T2DM. For other 

indicators of SEP, like income or occupational status, reverse causation may be more likely as 

these indicators are more prone to change over time and reflect current SEP better than 

educational level.31   

In this thesis, interaction was measured on the additive instead of the multiplicative 

scale. The measurement of interaction on the additive scale (Chapters 3, 5, 6) provides 

insight into whether complementary causes for a disease biologically interact, i.e. aggravate 

each other’s effects.68 It is generally accepted that measuring interaction on the additive 
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scale is more informative from a public health perspective than measuring interaction on the 

multiplicative scale because it directly shows the additional disease burden that can be 

expected from the combined effect of the two risk factors as compared to the sum of 

separate risk factors.68-72 Measuring interaction on the additive scale may help to make 

preventive actions more effective as it helps to identify groups with an excess risk for a 

certain outcome, e.g. T2DM or unemployment.68 Interpretation of interaction on the 

multiplicative scale is less straightforward. Due to the multiplicative nature of the scale, the 

effect of a variable on the outcome cannot be determined without knowing the values of all 

other variables in the model, even in the absence of statistical interaction.69 

 

Confounding 

Analyses were adjusted for age, gender, and marital status to prevent that associations 

between SEP and work- and health-related outcomes were confounded by these factors. 

Confounding by age was further decreased by analyzing data stratified by age groups in 

Chapters 2 and 3 and by careful adjustment for age as age and age-squared in our statistical 

models in Chapter 5 and 6. This has been shown to be a solid approach.73 Residual 

confounding regarding these factors thus seems negligible. In Chapters 5 and 6 however, 

some residual confounding may have occurred regarding smoking status, alcohol 

consumption and physical activity due to the self-reported nature of the data and the 

inability to detail participants’ alcohol consumption regarding the number of consumptions 

per day in Chapter 6. Furthermore, we may have missed some confounding factors (e.g. 

ethnicity). Therefore, unmeasured confounding might be present to at least some degree.   

 

Implications 
The findings presented in this thesis may have several implications for public and 

occupational health policy and practice and for future research. In this section, implications 

for policy and practice and for research are discussed. 

 

Implications for policy and practice 

Our results suggest that policy and practice should target both structural and intermediary 

determinants of health.74 Regarding structural determinants of health, improving the 

 

 

educational level of the general population should be an important long-term goal of policy 

makers. According to a recent OECD report on the Dutch educational system, this may, 

among others, be done by promoting and rewarding excellence, by improving opportunities 

to shift between educational levels, and by making teaching attractive again for highly 

qualified individuals.75 By improving the educational level of the general population, the 

absolute number of people with poor outcomes related to work and health may decrease. 

However, relative inequalities between socioeconomic groups may increase because the 

group with the lowest SEP may become more and more selective.76  

In addition to increasing the general educational level, interventions on intermediary 

determinants of health across the chain of primary and secondary prevention may help to 

reduce socioeconomic health inequalities.74 This regards both proximal (e.g. smoking 

cessation) and distal (e.g. health literacy) factors. A proximal factor has a rather direct 

relation with the outcome, in contrast to a distal one that acts via one or more intermediate 

factors. Proximal factors can be influenced more easily and the direct effect is stronger 

compared to distal factors, but distal factors are more likely to affect multiple behaviors.77 A 

balance between addressing proximal and distal factors might therefore be important to 

reduce socioeconomic health inequalities. In Chapters 5 and 6, behavioral and clinical risk 

factors were shown to be important for the relationship between low SEP and T2DM. In 

addition, these risk factors are important for other health outcomes like CVD, cancer and 

mortality.78,79 Behavioral and clinical risk factors should therefore be addressed separately 

(i.e. smoking cessation, prevention of overweight) but it may also be effective to target a 

more distal factor, like health literacy. Improvement of health literacy may have an effect on 

multiple health behaviors, e.g. through the improvement of self-efficacy.80 In addition, more 

focus should be given to the contextual factors in which socioeconomic inequalities can 

develop and thrive. Contextual factors that should be addressed include the physical and 

social environment, but also social policies that stimulate and support individuals with a low 

SEP to develop themselves through education or work opportunities.   

Socioeconomic inequalities in work and health differ across age groups as our 

findings confirm. This may have important implications for social policies, and prevention 

and intervention strategies, including the public debate on age of retirement and possible 

lost generations (i.e. young adults entering the labor market during a recession).16,81,82 We 

found that the magnitude of interaction between low education and poor mental health on 
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unemployment decreased with work life stage, that interaction between low education and 

poor physical health on unemployment seems to be most important in mid and early work 

life, and that the increase in functional limitations before retirement tended to be greater 

for people retiring at younger ages. These findings may have at least two implications. First, 

policy and practice should especially target the mental and physical health status of low 

educated people in their early work life. Second, the functional health status of older 

workers, and especially that of those with a low SEP, deserves more attention if we want to 

reach the policy goal of extending working lives.16,81 Findings presented in Chapter 4 further 

stress the need to consider differentials in retirement age based on years spent in work, job 

type, or SEP.  

Transgenerational risk factors were found to contribute to socioeconomic health 

inequalities through the reinforcement of the negative effect of low SEP on T2DM. People 

with a low SEP and high transgenerational risk for T2DM thus seem a compelling group to 

target with prevention programs. By doing so, much effect may be achieved regarding 

reduction of T2DM incidence. Prevention and intervention strategies should address both 

individual and contextual factors contributing to T2DM.74 This may, among others, be done 

by targeting proximal risk factors like health behaviors but also by e.g. improving health 

literacy, a more distal factor.79 Contextual factors may include the improvement of 

opportunities for physical activity and availability and affordability of healthy food, especially 

in low SEP communities, because physical inactivity and a poor diet may contribute to the 

development of T2DM via a pathway concerning obesity.83  

 

Implications for future research 

Socioeconomic health inequalities were found to differ across age groups. The adoption of a 

life course perspective may help to extend our understanding about the development of 

socioeconomic inequalities in work and health.8,9 With a life course perspective it becomes 

possible to investigate the accumulation of risk while taking sensitive and critical periods 

into account.8 It may therefore be important to start studies early in life because it becomes 

increasingly clear that early life risk factors may have a large impact on work and health-

related outcomes in later life.66,84-88 The adoption of a life course perspective, or at least a 

longitudinal study design with repeated measures, will also improve our understanding of 

the directions of the investigated relationships and will offer the possibility to disentangle 

 

 

age, period, and cohort effects when different birth cohorts are analyzed in the same study.2 

Furthermore, period effects due to current changes in the labor market such as flexible 

employment schemes and less permanent or long-term contracts, need to be addressed in 

future studies on the effect of low educational level on unemployment and work.89 Finally, 

future studies should take into account the age of their study sample when they examine 

socioeconomic inequalities in work and health. This may be done by performing stratified 

analysis or by careful correction for the age of the study sample.73   

In our cross-sectional analyses, transgenerational risk factors contributed to 

socioeconomic health inequalities through the reinforcement of the negative impact of low 

SEP on T2DM. Additional research is needed to establish this interaction effect 

longitudinally. Focus then should be on the identification of specific pathways leading to the 

interaction between transgenerational risk factors and low SEP. We investigated the role of 

several behavioral and clinical risk factors but could not take into account potentially 

contributing factors like diet,90,91 chronic stress,92 and the built environment.83 Further 

clarification of these specific pathways may support the development of prevention and 

intervention programs.  

Future studies also need to investigate whether a high-risk prevention strategy aimed 

specifically at people with a low SEP and high transgenerational risk for T2DM is more 

(cost)effective in the prevention of the disease than the current approach (i.e. a broader 

approach without including SEP).93 It has previously been suggested that targeting people 

with a family history of T2DM is a promising but still underutilized prevention strategy.94 Our 

findings suggest that those with a family history of T2DM and a low SEP are a high risk group 

that should be targeted in preventive interventions.  

Because our findings on the interaction between a GRS and SEP are based on people 

of European ancestry, additional studies among other ethnic groups are needed. Across 

ethnic groups, genetic predisposition for T2DM and health behaviors may differ. Therefore, 

our results may not be generalizable to individuals of non-European ancestry.95 Regarding 

the Dutch context, South Asians and Hindustani residing in the Netherlands are well-known 

ethnic risk groups for T2DM, and may thus be important groups to examine in future 

studies.93,96  

Finally, specific choices of design and recruitment methods were shown to have 

consequences for participation rates of population-based biobank studies. This in particular 
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regards the approach of potential participants and participation burden. Due to the limited 

number of included studies, we were not able to analyze determinants for participation 

together to establish which ones were most important.97 This approach should be used in 

future studies as it may help to understand how population-based biobank studies can 

improve their participation rate, and thereby the validity of their findings.   

 

Conclusions 
In conclusion, low SEP was persistently associated with self-reported poor physical, 

functional and mental health status, T2DM and unemployment. Age was shown to be an 

important factor in the context of socioeconomic health inequalities as the magnitude of 

socioeconomic inequalities, and possible exacerbation of the effects of low SEP by other risk 

factors, varied across age groups. Transgenerational risk factors seem to be important 

contributors to socioeconomic inequalities in T2DM through the reinforcement of the 

negative effect of low SEP on T2DM. Addressing low SEP should be a major issue in public 

policies on health and working life, in which age and transgenerational risk factors should be 

taken into account to reach the most vulnerable individuals. 
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