General discussion

Chapter 9

http://hdl.handle.net/1765/112826

General
discussion
General
discussion

1

2

Erasmus Medical Center Rotterdam

General discussion

The aim of this thesis was to explore the importance of cultural capital in the understanding of socioeconomic inequalities in health-related behaviors. In this final chapter
the main findings will be summarized and the research questions will be answered,
before reflecting on the limitations and methodological considerations of these studies.
Subsequently, the interpretation of the findings will be discussed. This chapters ends
with implications for future research, and implications for policies and interventions that
aim to tackle socioeconomic inequalities in health-related behaviors, and ultimately
socioeconomic inequalities in health.

Main findings and answer to research questions
1) To what extent do material risk factors and health-related behaviors contribute to
socioeconomic inequalities in mortality?
Chapter 2 examined the contribution of material and behavioral risk factors, measured
three times during adulthood, to educational and occupational inequalities in mortality. Moreover, analyses with multiple measurements of the risk factors were compared
to analyses in which only the baseline measurements of the material and behavioral
risk factors were used. The findings showed that the contribution of behavioral risk factors to socioeconomic inequalities in mortality was greater in time-varying models
compared to time-fixed models, whereas the contribution of material risk factors was
smaller in time-varying models. Behavioral and material risk factors combined explained
about 75% of the educational gradient in mortality, for both men and women, in both
time-fixed and time-varying models. Behavioral and material risk factors combined fully
explained the occupational gradient in mortality for men in time-varying models and
slightly less in time-fixed models, whereas they explained only half of the occupational
gradient for women in both time-fixed and time-varying models.
We observed that the socioeconomic gradient in both material and behavioral risk
factors increased over time, whereas associations between behavioral factors and mortality were larger in time-varying models and associations between material factors and
mortality were smaller in time-varying models. These results indicate that differences
in the relative importance of material and behavioral risk factors for socioeconomic
inequalities in mortality between time-fixed and time-varying models were mostly
driven by differences in the estimated associations between risk factors and mortality,
and not by differences in the socioeconomic gradients over time (as for both material
and behavioral risk factors the gradient increased).
The underlying mechanisms that could contribute to the differences between
time-fixed and time-varying models were further explored in chapter 3. This chapter
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systematically listed the underlying mechanisms that may cause differences between
time-varying and time-fixed models in studies investigating explanations for socioeconomic inequalities in mortality. We argued that differences between time-varying and
time-fixed models could result from changing socioeconomic gradients in risk factors
(e.g. due to age or period effects) or due to changing associations between risk factors
and mortality. A clear advantage of time-varying models is that they reduce misclassification by capturing actual changes in risk factors over time. For example, if a substantial
proportion of participants quit smoking during follow-up, they will still contribute to the
‘exposed’ group in time-fixed models, whereas they will be re-classified as ‘non-exposed’
in time-varying models (as long as one of the repeated measures was taken after smoking cessation). Incorporating changes in risk factors becomes even more important if
the association between risk factors and mortality also changes over time (e.g. risk ratios
may change due to better treatment or prevention). However, time-varying models
may also introduce bias if they are not correctly specified. First, the time lapse that is
needed for changes in risk factors to affect mortality should be accurately modelled
and could differ between risk factors (and between causes of death). For example, if the
mortality risk of participants who quit smoking during follow-up does not decrease to
a mortality risk similar to other ‘non-exposed’ participants, the risk ratio of smoking will
not be accurately estimated. Note however, that this risk ratio may still be more accurate
than the risk ratio in time-fixed models. Second, if changes in risk factors are associated
with changes in confounders, and these time-varying confounders are not accurately
modelled, time-varying models will introduce bias.
2) Is early-life environment related to health-related outcomes in later life?
Chapter 4 used a large US-based cohort study to examine the effects of childhood rural
residence on health and health-related behaviors in adulthood, accounting for adult
rural residence. Health effects of early-life environment extend far beyond the effects of
growing up in a rural or non-rural community, which prohibits extrapolation outside the
context of the current study. However, since the health effects of early-life environment
are key in the theoretical background of this thesis, it is worthwhile to include a chapter
that explores this relationship. Moreover, the extensive data available in REGARDS made
it possible to thoroughly investigate the effect of childhood rural residence on healthrelated outcomes in adulthood, adopting newly developed mediation methods that are
highly relevant for research on socioeconomic inequalities in health. Nevertheless, the
findings from this study should be interpreted in the context of rural versus non-rural
residence in the US, and seen as one case-study within the overall aim of investigating
health effects of early-life environments.
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The results of this study showed mixed effects of living in a rural community in childhood on health-related outcomes in adulthood, and also mixed effects according to race.
Childhood rurality was associated with indicators of better health in some dimensions,
such as more physical activity, but also with indicators of worse health in others, such as
adoption of a Southern diet (characterized by fried food, processed meats, and sugarsweetened beverages). Moreover, childhood rurality was associated with obesity, the
adoption of a Southern diet and fair/poor self-rated health among white participants
(but not among black participants) who remained in rural communities in adulthood,
whereas no such association was observed among white participants who migrated
to non-rural communities. This effect was largest for the general measure of self-rated
health: the effect of childhood rurality was beneficial if the individual migrated to a nonrural community in adulthood, but disadvantageous if the individual remained in a rural
community in adulthood.
3) To what extent do inequalities in cultural capital contribute to socioeconomic inequalities in health-related behaviors?
Chapter 5 explored to what extent cultural capital contributed to educational inequalities in food consumption using a recently developed questionnaire that specifically
measures food choice related cultural capital (more details on the development of the
questionnaire and proof of concept can be found in Kamphuis et al. [1]). This study found
that cultural capital was related to healthy food consumption, and that the associations
between cultural capital and the consumption of healthy food products were stronger
than the associations between economic and social capital and the food outcomes.
In addition, the study showed that cultural capital contributed greatly to educational
inequalities in healthy food consumption, over and above economic and social capital.
Chapters 6 and 7 explored to what extent social distinction contributed to socioeconomic inequalities in health-related behaviors. In both studies, cultural participation
was used as an indicator of social distinction, because we deemed it to be the best
available indicator of social distinction based on a recent review on measures of cultural
capital [1]. Chapter 6 explored the association between cultural participation and the
consumption of ‘superfoods’. The study showed that there was a strong dose-response
relationship between cultural participation and the consumption of spelt products,
quinoa, and goji berries, chia seeds or wheatgrass, even after controlling for education and income. Furthermore, the study found that the initial associations between
education and income and the consumption of superfoods were greatly attenuated
after controlling for cultural participation. In chapter 7 we found similar results for more
‘common’ health behaviors, i.e. fruit and vegetable consumption, leisure time walking
and cycling and sports participation. This study also observed strong associations be-
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tween cultural participation and the health-related behaviors, even after controlling for
education and income. Similarly, the associations between education and income and
the health-related behaviors greatly attenuated after controlling for cultural participation. In combination, chapters 6 and 7 showed that social distinction may be an important determinant of health-related behaviors, and may contribute to socioeconomic
inequalities in physical activity and dietary patterns. Interestingly, by showing similar
patterns for both contemporary ‘distinctive’ foods (i.e. ‘superfoods’), and more general
health-related behaviors (i.e. fruit and vegetable consumption, leisure time walking and
cycling and sports participation), this diptych was able to provide stronger evidence
for the hypothesis that social distinction is an important determinant of health-related
behaviors.
4) Via which pathways is high cultural capital related to health-related behaviors?
Chapter 8 explored potential pathways that could explain how high cultural capital
is related to lower BMI. We theoretically identified four dispositions, theorized to act
as cultural signifiers in higher social strata, that could explain how cultural capital is
related to a lower BMI. To measure these dispositions, we developed new survey items
and included them in our interview survey. Confirmatory factor analysis showed that
the survey items measured six different constructs: ‘asceticism’, ‘general refinement’,
‘food refinement’, ‘non-sweet taste’, ‘diversity’, and ‘reflexivity’. However, only asceticism,
general refinement, food refinement and reflexivity could be reliably measured. These
four dispositions were all associated with (at least one form of ) cultural capital, but only
asceticism, general refinement and reflexivity were also associated with lower BMI. Asceticism, general refinement and reflexivity together explained 55% of the association
between embodied/objectified cultural capital and BMI, and 36% of the association between institutionalized cultural capital (i.e. education) and BMI. Mediation effects were
especially pronounced for reflexivity, which explained 40% of the association between
embodied/objectified cultural capital and BMI, and 32% of the association between
institutionalized cultural capital and BMI. These findings indicate that participants with
high levels of cultural capital were more likely to have dispositions that encourage
asceticism, reflexivity and a preference for refinement, which contributed to lower BMI.

Methodological considerations
There are several methodological considerations to keep in mind when interpreting the
results from this thesis. Most have already been discussed in the relevant chapters, but
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some overarching limitations will be addressed in the following paragraph. These are
related to the study design and the limitations of the statistical analyses.

The GLOBE-study
Most chapters used data from the GLOBE-study. The GLOBE-study is a longitudinal
cohort study situated in the city of Eindhoven in The Netherlands [2, 3]. For this thesis,
two new data collections were executed. First, in 2014, data were collected by a postal
survey (N=4,851, response=45.5%), and second, in 2016, a subsample of the survey
respondents was interviewed (N=597, response=50%). In addition, data from earlies
waves of the GLOBE-study were used in chapters 2 and 5.
The use of observational data from the GLOBE-study has some important limitations.
First, all measures used were self-reported, which may result in measurement error and
misclassification. Measurement error and misclassification pose a threat to the validity of
the results in this thesis, but because they are also well-known and extensively described
in the literature, this paragraph will elaborate more on other limitations. Second, the
observational nature of the GLOBE-study is by definition not exogenous, and may suffer
from unobserved confounding (e.g. by biological, psychological or cognitive factors).
Third, in most chapters, cross-sectional data were used because measures on cultural
capital were only measured once. Cross-sectional data are not able to infer causality
and limit investigating the temporal ordering of the measures used. Moreover, crosssectional data exclude the possibility of studying changes over time, and increase the
potential for unobserved confounding. Such limitations however, are common for quantitative research investigating socioeconomic inequalities in health-related behaviors.
Moreover, our studies were among the first to examine the relation of cultural capital to
socioeconomic inequalities in health-related behaviors, which required data that are not
routinely collected by other (longitudinal) studies.
Chapters 6, 7 and 8 used data from the 2014 and 2016 data collection of the GLOBE
study. Whereas participation rates in the first waves of GLOBE in the 1990’s reached levels
over 70%, the 2014 data collection of GLOBE had a participation rate of only 45.5%. Participation rates of population studies have steadily decreased in the last decade, which
is of increasing concern to the validity and generalizability of these studies. In order
to assess the magnitude of potential selection bias within our cross-sectional sample,
prevalence rates of several health-related behaviors (e.g. smoking, sports participation,
obesity) were compared to those of the target population (i.e. the city of Eindhoven).
These results showed similar prevalence rates within our study compared to prevalence
rates from ‘official’ municipality statistics. However, the comparison data stem from the
health monitor of the Dutch municipality health services, which of course suffers from
similar caveats, i.e. data are also acquired by observational studies that may be biased.
For example, the most deprived groups (i.e. the unemployed, substance users, ethnic
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minority groups) are likely underrepresented in both studies. However, to the extent
that this selection bias would have affected the studies in this thesis, observed results
are likely underestimated, not overestimated. Nevertheless, generalization to these
groups is limited.
Whereas selection bias is often acknowledged as a problem for representativeness
and prevalence estimates, it is less often considered as a problem for effect estimates.
However, selection can also induce ‘collider bias’ (sometimes called ‘endogenous
selection bias’ [4]), which can lead to biased effect estimates [5-7]. This bias is caused
by conditioning (e.g., controlling, stratifying, selecting) on a variable that is a common
outcome of the exposure (or a variable associated with the exposure) and the outcome
(or a variable associated with the outcome). Conditioning on these so-called ‘collider’
variables (which may even temporally precede both exposure and outcome) may distort
the relationship between exposure and outcome. For example, the ‘paradoxical’ finding that maternal smoking appears protective for infant mortality among low birth
weight infants, is induced by conditioning on a collider (i.e. low birth weight): smokers
are more likely to have low birth weight infants, but low birth weight among infants
that are not born to smokers is caused by something even worse (e.g. birth defects) [8].
Although there are more examples where collider bias is a serious problem [6, 9], recent
simulations studies have shown that the magnitude of collider bias due to selection or
censoring in prospective cohort studies is relatively modest [10-12]. This suggests that
selection and attrition of GLOBE-participants may not have severely biased the observed
associations. However, almost all analyses in this thesis conditioned on several other
variables that were recognized as potential confounders. Although potential collider
biases are expected to be smaller than biases resulting from omitting a confounder [11],
it is still important to recognize that both confounding bias and (endogenous) selection
bias may have affected the results.

Multiple imputation
Most chapters used multiple imputation techniques to account for missingness. In chapter 2, in addition to missingness on measured covariates, multiple imputation was also
used to account for loss to follow-up, which means that we imputed all measurements
for participants that were still alive but no longer participating in the GLOBE-study. By
using multiple imputations, we assume that both missingness and loss to follow-up are
‘missing at random’, i.e. missingness and loss to follow-up can be accurately predicted
by the variables included in the multiple imputation model [13-16]. Although a range of
covariates were included in the multiple imputation model, to the extent that missingness or dropout was related to unmeasured factors (e.g. psychological characteristics
or disorders, cognitive abilities), we were not able to adjust for this selection effect.
Similarly, in other chapters that used multiple imputation to account for missing data,
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it is assumed that missingness is random given observed covariates. Although it is not
possible to verify whether this assumptions is accurate, the method is still preferred over
other techniques, because most methods (e.g. ‘complete case analyses’) are only valid if
missing data are ‘missing completely at random’ [13-16].

Cox proportional hazards regression and time-varying covariates
Chapter 2 made use of Cox proportional hazards regression in order to examine the contribution of behavioral and material risk factors to socioeconomic inequalities in mortality. In this chapter we adopted similar methods as previous studies, by using multiple
measurements of the mediating risk factors and modelling them as time-varying covariates [17-20], rather than assuming that risk factors remain stable over the life-course.
This method reclassified participants at every assessment in order to take changes in the
status of risk factors into account (e.g. from current smoker to former smoker). However,
the method may still not be completely accurate in modelling the actual changes in
the hazards of participants [21]. First, correct specification of the etiological period is
important. Participants were reclassified every 6-7 years, which may not correspond to
the etiological period of all risk factors. Second, exposure to unfavorable material or
behavioral risk factors in early adulthood may be associated with a lasting effect on mortality even if participants are unexposed in later years [22]. Such ‘sensitive periods’ are
missed in the time-varying models. Moreover, to the extent that these sensitive periods
have already occurred before the age of 25 years, they were completely missed in this
study. Third, the method does not take an accumulation of exposure to a risk factor into
account (e.g. those who are exposed only once contribute evenly to the estimations as
those that are exposed multiple times) [22]. Fourth, interactions between risk factors are
not taken into account. If exposure to multiple risk factors increases the risk of mortality
more than the sum of the individual risks, this is missed in the current analysis. Fifth,
using time-varying covariates also introduces the potential for time-varying confounders [23-25]. Specifically, in our study, the estimated associations between time-varying
physical activity and mortality may have been overestimated due to confounding. Note
however, that except for the latter, similar limitations hold for the time-fixed estimations.
Moreover, by using this method, we were able to compare our results to previous studies
that also adopted these methods.

Mediation methods
Several chapters in this thesis made use of mediation analysis. Mediation analysis is
popular in studies examining explanations for socioeconomic inequalities in health
and health-related behaviors, because it can be used to identify important risk factors
that are on the causal pathway between socioeconomic position and the health-related
outcomes, which could possibly be targeted by policies in order to reduce these health
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inequalities. Mediation analysis is used to assess the extent to which the effect of socioeconomic position on the health outcomes is explained by the hypothesized mediators.
Mediation analysis allows researchers to decompose the total effect of an exposure on
an outcome (e.g. the effect of socioeconomic position on health-related behaviors) into
a direct effect (unexplained by the mediators) and an indirect effect (explained by the
mediators). The traditional approach to mediation analysis is a four-step approach that
consists of three regression models [26, 27]. First, the total effect of the exposure on the
outcome is estimated by regressing the outcome on the exposure (i.e. without adjustment for the mediators). Second, the effect of the exposure on the mediator is estimated
by regressing the mediators on the exposure. Third, the effect of the mediators on the
outcome conditional on the exposure is estimated by regressing the outcome on the
mediators and the exposure. Fourth, the estimated effect of the exposure on the outcome, while adjusting for the mediators (i.e. the direct effect, which is estimated with
the regression analysis in step three) is compared to the estimated total effect from the
first step. Within this last step, a percentage mediated is usually calculated as the percent
excess risk (on the relative scale) explained by the mediators. This percentage mediated
is calculated by dividing the difference between the total risk (total effect from step one)
and the direct risk (direct effect from step 3) by the total excess risk (total effect from
step one – 1). This approach was also used in chapter 2 of this thesis.
The decomposition of a total effect into a direct and indirect effect as described above
has recently been criticized, because of the limitations and implicit assumptions of this
mediation method [27-30]. There are four important (unverifiable) assumptions that are
required for effect decomposition: 1) no uncontrolled exposure-outcome confounding,
2) no uncontrolled mediator-outcome confounding, 3) no uncontrolled exposure-mediator confounding, and 4) no measured or unmeasured mediator-outcome confounder
that is affected by the exposure. In addition, the traditional method also assumes that
there is no interaction between exposure and mediator on the outcome. The main critique given to the traditional mediation method revolves around two of these potential
biases that were never explicitly mentioned in the literature describing this method: a)
mediator-outcome confounding, and b) exposure-mediator interaction. First, whereas
the potential for bias arising from unmeasured exposure-outcome confounding is usually acknowledged, the potential for bias arising from unmeasured mediator-outcome
confounding is often not explicitly acknowledged. However, conditioning on the mediator to estimate the direct effect of the exposure on the outcome (third regression
analysis described above) induces a bias if there are unmeasured confounders of the
mediator-outcome relationship. For example, in chapter two, the association between
behavioral factors and mortality may have been confounded by biological risk factors
(e.g. addiction susceptibility), psychological characteristics (e.g. personality) or psychosocial risk factors (e.g. stress). Not adequately adjusting for these potential confounders,
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could therefore have biased our estimates. Second, if the direct effect of the exposure
on the outcome varies across levels of the mediator (i.e. in the presence of exposuremediator interaction), the difference between the direct effect and total effect will not
only be caused by ‘mediation’ but also by ‘moderation’, which cannot be disentangled by
this mediation method [28, 29].
The first bias (i.e. mediator-outcome confounding) can in principle be handled by the
traditional method (i.e. accurate adjustment for all confounders), but this does require
that all potential confounders have been measured. This requirement however, applies
both to traditional methods and to newly developed methods (which are discussed
below). In the presence of unmeasured confounders, no method will be able to observe
unbiased effect estimates. In these circumstances, sensitivity analysis can be used to
examine the potential severity of the bias [29]. An important limitation of the traditional
methods however, is that it is only able to accurately adjust for measured confounders
of the mediator-outcome relationship, if these confounders are not affected by the exposure (e.g. if they are not on the causal pathway from exposure to mediator/outcome)
[23, 24, 28, 29]. If the mediator-outcome confounders are affected by the exposure, then
conditioning on these confounders will also eliminate part of the direct effect of the
exposure on the outcome, which will also results in biased effect estimates. For example,
in chapter 4, the effect of the mediator (adult rural residence) on the (health-related)
outcomes was confounded by education, while education itself was affected by the
exposure (childhood rural residence). Conditioning on education (which is done in
traditional mediation techniques) was therefore not possible, because it would have
biased the effect estimates. The second bias (i.e. exposure-mediator interaction) also
cannot be addressed by traditional mediation methods and requires the adoption of
other techniques.
As a result of the limitations of the traditional mediation methods, a new mediation
methodology has rapidly developed, often referred to as ‘causal mediation analysis’
[23, 28, 29]. This methodology is based on the potential outcomes framework and the
seminal works of Pearl and Robins & Greenland [31, 32]. Chapter 4 makes use of these
new mediation methods, because of the presence of exposure-mediator interaction
and exposure-induced mediator-outcome confounders. The formulas used in this
chapter are derived from counterfactual outcomes, which, under specific assumptions,
allow for a causal interpretation of the estimated effects. However, the assumptions
that are needed to make an actual causal interpretation with these methods are very
strong. For example, in chapter 4, interpreting our observed effect estimates as causal
is theoretically possible under the assumptions of no unmeasured confounding of
the exposure-outcome and mediator-outcome relationships (in addition to the other
assumptions, e.g. an unbiased study design and correct specification of the statistical
models). However, even though we had an unusually comprehensive range of observed
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confounders, it may still be implausible to assume that rural residents and non-rural
residents are actually exchangeable given these observed covariates. Nevertheless,
although a causal interpretation remains difficult, to actually nullify the magnitude of
some of the observed effects, the confounding effects would have to be so large, that it
is far more likely that the observed associations do actually exist.

Different strokes for different chapters
Since chapter 2 showed that time-fixed and time-varying models may differ, this has implications for the results of the other chapters that could not apply time-varying models
due to a lack of longitudinal data. First, it is possible that the level of cultural capital of
our participants changed over time and by measuring it just once we may have missed
these changes (although cultural capital is arguably less dynamic in adults than for
example health behaviors). Whether this would have resulted in greater or smaller effect
estimates is hard to tell, given the diverging results of material and behavioral factors
in chapter 2. Another limitation is that our measures of cultural capital are relatively
limited. Cultural capital encompasses more than the measures used in this thesis, and
because cultural capital accumulates over the life-course, it arguably requires data over
the entire life-course (including parental history). Second, whereas chapter 2 showed
that health-related behaviors change over the life-course, subsequent chapters only
used a single measurement of the health-related behaviors as an outcome. This ‘snapshot’ of behavioral patterns over the life-course warrants caution when interpreting the
results of this thesis. Clearly, more research is needed to examine the effect of cultural
capital on the adoption of and changes in health-related behaviors. The results of this
thesis should be considered as an exploration of the potential of cultural capital as an
(increasingly) important determinant of socioeconomic inequalities in health-related
behaviors.
Another discrepancy between chapters is the use of different mediation methods. The
use of ‘causal mediation analysis’ was pursued in chapter 4, whereas other chapters adopted ‘traditional’ mediation methods. As described earlier, there is increasing attention
for causal inference methodology in observational research and the newly developed
mediation methods are highly relevant for research on health inequalities. In line with
these developments, chapter 4 was used to explore and adopt these methods. However,
although these newly developed methods offer solutions to many analytical issues that
cannot be handled by conventional regression methods (i.e. controlling for time-varying
confounding), not all of these methods can always be applied. For example, in chapter 2
we tried to adjust for time-varying confounding with inverse probability weights, but a
violation of the positivity assumption obstructed this approach [33]. Further, in chapter 8
we did not need to adopt causal mediation techniques, because without the presence of
non-linearities or interaction effects, the conventional mediation method is equivalent
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to the causal mediation formulas from Valeri & VanderWeele (which are generalizations
of the product method) [28, 34].

Interpretation of the findings
The contribution of material risk factors and health-related behaviors to
socioeconomic inequalities in mortality
In most studies that have examined explanations for socioeconomic inequalities in
health, intermediary risk factors (e.g. material risk factors and health-related behaviors)
were measured once (often at baseline) and subsequently linked to mortality or health
after a certain period of follow-up time [35-37]. These studies assumed that risk factors
remained fairly stable over the life-course and that the initial baseline measurement
was a good indicator of life-long exposure. Clearly, this approach overlooks the dynamic
nature of these risk factors, because risk factors change over the life-course, especially
in studies with a long period of follow-up time between measuring risk factors and
outcome.
The longitudinal GLOBE-study offered a great opportunity to study the extent to
which material and behavioral risk factors, measured three times during adulthood,
contributed to socioeconomic inequalities in mortality. Our results suggest that the contribution of health-related behaviors to socioeconomic inequalities in mortality is likely
greater than previously thought, which corresponds with findings in the UK [20], US [17,
38] and Norway [18], but not with findings in France [19]. However, previous studies
have done little to actually investigate what mechanisms contribute to the differences
between time-fixed and time-varying models. The main rationale for these studies seem
to be that socioeconomic inequalities have increased over time, and these increasing
gradients may result in a greater contribution of health-related behaviors to socioeconomic inequalities in mortality. However, our results show that the increasing contribution of health-related behaviors to socioeconomic inequalities in mortality seems to be
mostly driven by changing associations between the time-varying health behaviors and
mortality. Moreover, the mechanisms underlying these changing associations may vary
between risk factors. In our study, the most pronounced differences between time-fixed
and time-varying health-related behaviors were found for leisure time physical activity
and sports participation. For these health behaviors, it is likely that multiple measurements decreased misclassification and provided a better estimate of the true effect of
leisure time physical activity on mortality. In addition, an age effect cannot be excluded.
As participants age, leisure time physical activity may be increasingly important because
work-related and transport-related physical activity decreases.
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The smaller contribution of material factors in time-varying models (even though
socioeconomic inequalities in material factors increased over time) is more puzzling
and we admit that we are still not able to fully explain these results. First, it seems unlikely that the differences between time-fixed and time-varying models are caused by
unmeasured time-varying confounding by health status, because changes in material
factors were not associated with changes in health status. Although other potential
unmeasured confounders may have affected the results, we were unable to identify any
obvious confounders that could explain these findings. Second, there is a possibility
that misspecification of the follow-up period contributed to the results. Mortality risks
of exposure to adverse material conditions may only manifest after a time period that
exceeds the 6-7 years between follow-up measurements in our time-varying models.
However, using a follow-up time of less than 7 years is not uncommon in research investigating the contribution of material factors to socioeconomic inequalities in mortality
[35, 37]. Third, it may be that our measures (i.e. financial difficulties, housing tenure and
type of health insurance) do not adequately capture the proposed adverse material conditions of the materialist explanation, which may have resulted in more misclassification
in time-varying models and driven the results towards the null. Fourth, the results could
also reflect actual changes in the effect estimates. For example, it may be that exposure
to adverse material conditions is more strongly related to mortality when experienced
at younger ages (e.g. a sensitive/critical period effect) or in an earlier period in our study
(i.e. the early 1990s). Further exploration of these age and period effects, and similar
research in other contexts, is needed to better understand our findings.
Overall, we observed that behavioral factors explained about half of the excess
mortality risk of lower socioeconomic groups (not taking material factors into account).
This matches with previous studies that have estimated the contribution of repeatedly
measured health behaviors to socioeconomic inequalities in all-cause mortality [17-20,
38]. These studies have used education, occupation and income as indicators of socioeconomic position and – although estimates varied between 17% and 75% depending
on the context – most studies observed that the excess risk of lower socioeconomic
groups was reduced by about half after adjustment for health-related behaviors. However, it is important to note that part of the effect of behavioral factors on mortality may
be attributed to material factors, since unhealthy behaviors may be induced by adverse
material conditions. Previous research within the GLOBE-study has tried to disentangle
these direct and indirect contributions of material risk factors to socioeconomic inequalities in mortality [35, 37]. It did so by separately estimating the direct contribution
of material factors (not through behavioral risk factors), the indirect contribution of material risk factors via behavioral factors, and the independent contribution of behavioral
factors (not affected by material factors). The independent contribution of behavioral
factors was determined as the percentage reduction of the model including both be-
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havioral and material factors minus the percentage reduction of the model including
only material factors. Using this method in our study would result in an ‘independent’
contribution of repeatedly measured health behaviors to respectively the educational
and occupational gradient in mortality of 19% and 18% for men and 39% and 22% for
women. Subsequently, the ‘indirect’ effect of material factors through health behaviors,
was measured by subtracting the independent contribution of behavioral factors
from the total contribution of health behaviors. Using this method would result in an
‘indirect’ contribution of repeatedly measured material factors of 29% and 30% for men
and 12% and 18% for women, respectively. Finally, the ‘direct’ effect of material factors
was calculated by subtracting the ‘indirect’ contribution of the material factors from the
total contribution of the material factors. Using this method would result in a ‘direct’
contribution of material factors of 27% and 35% for men and 25% and 8% for women,
respectively. These results show that even though the contribution of material factors
may be lower than previously thought, adverse material conditions still impact strongly
on health disparities, partly via health-related behaviors.

Early-life environment and health-related outcomes in later life
In the US, place of residence has been shown to be an important determinant of health
inequalities [39-46]. US research has also shown tremendous differences between rural
residents and non-rural residents in several health and health behavior outcomes [4760]. Hartley (2004) even argued that the patterning of risky behavior in contemporary
rural areas is suggestive of a “rural culture” as an important social determinant of health
[61]. Exploring the effects of childhood rural residence on adult health and healthrelated behaviors therefore offered the opportunity to investigate whether early-life
environments have long lasting effects on health-related behaviors of adults (albeit
in the US context). Data from the REGARDS study included extensive information on
childhood circumstances as well as health and health behaviors outcomes in adulthood
[62], which made it possible to thoroughly examine effects of early-life environment on
later life outcomes, adopting newly developed mediation methods to investigate the
marginal health effects of childhood rural residence and evaluate whether these effects
differ depending on place of adult residence.
The results of this study suggest that early-life environments have, to some extent,
long lasting health effects, and perhaps more strikingly, that these effects depend on
later life environment. This could suggest an accumulation effect (continued exposure
to rural environments contribute to worse health and a higher prevalence of unhealthy
behavior), which would indicate that health behavior preferences accumulate during
lifelong socialization. However, no data were available on actual behavioral patterns of
REGARDS participants during childhood, which limits inferences on the extent to which
childhood behavioral patterns and preferences contributed to the observed results. In
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addition, the most pronounced results were found for self-rated health, with lower estimated effect sizes for health-related behaviors, which suggests that social and economic
disadvantages strongly impede on the health of rural US populations over and above
increasing unhealthy behavior (i.e. smoking, physical activity and dietary patterns).
Indeed, recent studies have found marked increases in suicide, accidental poisoning
and liver disease in rural communities [63], suggesting that rising morbidity and mortality rates in some geographic areas of the United States reflect an increase in “deaths of
despair” of rural populations [63-65]. Similar trends in mortality have not been found
in other high-income countries [66], and suggest that there may be strong differences
in the determinants of health inequalities between the US and Europe. For example,
more generous social security systems, better access to (affordable) health care, and a
lower availability and use of painkillers have likely contributed to lower socioeconomic
inequalities in health in European countries compared to the US [65, 66]. Lastly, the
observed interaction effects of living in a rural community in childhood and adulthood
on the health outcomes may have also been affected by compositional changes (i.e.
residents with characteristics related to better health have migrated to non-rural areas,
whereas residents with characteristics related to worse health have remained in rural
communities). Although we controlled for a range of potential confounders (i.e. education, childhood health and family finances), if there are other important characteristics
related to migration patterns and health outcomes that were not included in the analysis, these may have affected the results.

Cultural capital and socioeconomic inequalities in health-related behaviors
Studies investigating socioeconomic inequalities in health-related behaviors have
increasingly investigated whether environmental determinants are able to explain the
social gradient in healthy dietary patterns, physical activity and overweight/obesity
[67-77]. The most commonly investigated environments are the built environment (e.g.
availability of facilities, walkability), the economic environment (e.g. costs and affordability) and the social environment (e.g. social support). The least often studied environment however, is the cultural environment. The results from this thesis suggest that this
may have been an oversight from previous studies.
Although the studies in this thesis should be seen as exploratory studies into the role
of cultural capital in the explanation of socioeconomic inequalities in health-related
behaviors, our findings suggest that cultural capital may indeed partly explain why
higher socioeconomic groups often adopt healthier dietary patterns, engage in more
leisure time physical activity and are less often overweight or obese than lower socioeconomic groups. Cultural capital seems to provide higher socioeconomic groups with
resources that increase the likelihood that they will adopt and maintain a more healthy
lifestyle. Moreover, cultural capital may be a crucial resource to resist the temptations
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of contemporary obesogenic environments that are characterized by an abundance of
sugar, fat and sedentary activities [78, 79]. Indeed, a recent study from the UK found
that lower educated groups were more vulnerable to unhealthy neighborhood fast-food
outlet exposure than higher educated groups [80], which may be partly explained by
differences in cultural capital.
Our findings support the hypothesis that higher socioeconomic groups engage in
healthy behavior as a way to distinguish themselves from lower socioeconomic groups.
Moreover, it may be that in contemporary societies healthiness and thinness are increasingly pursued as objects of cultivation for their own sake. This is likely reinforced by the
fact that a healthy lifestyle is demanding: unhealthy behavior is often easy, whereas it
requires effort and restrain to live healthily. Furthermore, globalization and commercialization have increased overall wealth, mass production and mass marketing, which
has reduced the barriers to engage in “conspicuous consumption” [81, 82]. As a result,
higher socioeconomic groups may more often adopt healthy lifestyles as a marker of
distinction. This seems to be partly explained by a higher tendency towards reflexivity
among higher socioeconomic groups. The embodiment of reflexivity as a cultural signifier among high cultural capital groups likely enforces a continuous self-reflection and
monitoring of their (healthy) choices and actions.
The findings from this thesis are in line with other studies that have found that cultural
capital is related to healthier dietary patterns [83-87], more physical activity [88, 89], differential sports preferences [89-92], and lower body weight [86, 88, 93]. Cultural capital
however, may also be relevant for other health behaviors, such as smoking and alcohol
intake [94, 95]. Moreover, cultural capital may be highly relevant for other health-related
outcomes. For example, Shim (2010) argued that cultural capital is critical to effectively
engage and communicate with clinical providers, and an important determinant of
inequalities in treatment and care [96, 97]. This suggests that cultural capital may be a
key determinant of social inequalities in health through multiple pathways, which may
become increasingly important in societies where advances in biomedical knowledge
and technology allow for an ever increasing possibility to postpone the onset of disease
and mortality [98].

Reconsidering culture and socioeconomic inequalities in health
Studies on ‘culture’ are often received with suspicion and accused of “blaming the victim”.
This response can be traced back to work that emerged around the notion of a “culture of
poverty”, which argued that sustained poverty generated a set of cultural attitudes and
practices, that would perpetuate over time even in the underlying structural conditions
that gave rise to these practices were changed [99]. Although there were (and are) good
reasons to be hesitant about studies that suggest a form of “pathology” as a determinant
of social inequalities, cultural capital conceives of culture in a substantially different way
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[100]. In an editorial in the Annals of the American Academy of Political and Social Science,
Small, Harding & Lamont [100] list several reasons why culture should be studied by
those interested in social inequality and poverty, not only because of scholarly motivations, but also because of policy motivations. Culture is part of the political and public
discourse, and shapes policy decisions and policy makers. This is true for policies on
health and health behaviors as much as it is for policies on poverty. Neglecting culture
may therefore not only limited explanations for socioeconomic inequalities in health,
but also lead to bad policy [100].
The primary reason for scholars to oppose studying ‘culture’ as a determinant of socioeconomic inequalities in health, is that it supposedly steers away from the material
inequalities that are believed to be the actual root causes of socioeconomic inequalities
in health. This discourse suggests that culture cannot give an independent explanation
for socioeconomic inequalities in health, but merely reflects underlying inequalities
in material factors. However, framing socioeconomic inequalities in health-related
behaviors as a mere consequence of inequalities in material conditions implies that if
these material conditions would be removed nothing would hold the individual back
from engaging in healthier behavior. Adopting a perspective that takes the sociocultural
environment into account, suggests that health-related behaviors are more than just
a set of behaviors practiced and controlled by the individual, and part of a broader
sociocultural context that affects health [101]. Moreover, allowing additional explanations in studies on socioeconomic inequalities in health also acknowledges that material
conditions are simply not able to fully account for the distribution of health [102-104].
This thesis merely suggests that one of these alternative explanations may be found
in differences in cultural capital. Everything we do has social meaning, health-related
behaviors are clearly not excluded. Why should research on socioeconomic inequalities
in health and health-related behaviors shy away from these explanations? “[H]uman
action is both constrained and enabled by the meaning people give to their actions, these
dynamics should become central to our understanding of the production and reproduction
of poverty and social inequality.” (Small, Harding & Lamont, 2010, p.23)

Implications for future research
Studies that investigate the contribution of the (socio-)cultural environment to socioeconomic inequalities in health-related behaviors are scarce. This lack of research is
likely reinforced by the difficulty of systematically measuring ‘culture’. Cultural capital
however, provides a more rigorous framework that can be used to measure and capture
cultural differences [1, 105-107]. Moreover, an explanation of socioeconomic inequalities
in health-related behaviors that includes cultural capital as a key determinant has some
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advantages that other explanations in social epidemiology lack. More research however,
is needed to examine to what extent cultural capital is able to provide an explanation for
the prevalence of and trends in socioeconomic inequalities in health-related behaviors.
First, the theory of cultural capital states that health-related behaviors are likely a
reflection of socially distinct lifestyles and not necessarily linked to economic resources
[107-109], which doesn’t contradict with the clustering of expensive unhealthy behaviors
and the lower prevalence of low-cost healthy behaviors among lower socioeconomic
groups. Indeed, the findings in this thesis also suggest that health-related behaviors are
not mainly driven by economic capital, but by cultural capital. However, more research
is needed to corroborate whether the results from this thesis are also observed in other
contexts. Moreover, cultural capital encompasses more than the measures used in our
studies [95, 106]. Additional research should explore whether other and more elaborate
measures of cultural capital are also associated with health-related behaviors.
Second, cultural capital is transmitted from generation to generation [110], which
signifies that it is not merely a determinant of individual health behaviors, but also a key
determinant in the reproduction of health inequalities across generations [105]. Indeed,
previous research in The Netherlands has found that higher parental cultural capital is
associated with more institutional cultural capital (i.e. higher educational attainment)
and more embodied cultural capital in later life [110]. If higher parental cultural capital
also results in the embodiment of healthier practices and healthier behaviors, it may
have long lasting effects on health-related behaviors in later life, net of one’s own
socioeconomic position. Research among children also supports this hypothesis. For
example, higher parental cultural capital seems to be associated with healthier dietary
patterns [84], lower BMI [111] and less smoking [112] among children. However, these
are among the first studies that have investigated these intergenerational effects, and
future research into this area is warranted.
Third, cultural capital may help to explain trends in health-related behaviors over time
[113-116]. Those with a high level of cultural capital may adopt novel lifestyles in order
to distinguish themselves from other social groups. These novelties usually diffuse to
lower status groups over time [117], after which it loses it distinctiveness and high status
groups change their lifestyles. Time trends in smoking and obesity follow similar patterns
and may be explained by such status distinctions [118, 119]. More research on trends in
health-related behaviors over time could provide a much needed historical perspective
on the role of cultural capital as a potential determinant of health inequalities.
Fourth, other researchers have emphasized that the interplay between different types
of capital (i.e. economic capital, social capital and cultural capital) is key to understanding health inequalities [83, 120]. Although these studies have thus far provided limited
evidence for this perspective, the interplay between the different types of capital is a
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key concept in the theory of cultural capital and warrants additional exploration [95,
105, 106].
Fifth, an additional avenue of research is to examine the role of ‘habitus’ for adopting,
maintaining and changing health-related behaviors. As argued by Bourdieu, habitus
results from lifelong socialization and mostly operates unconsciously through internalized preferences and tastes [95, 121]. Exploring the effects of the habitus therefore
requires research designs that are better able to elicit the automated responses of the
habitus [122]. Potential methods that are better suited to explore the role of the habitus
include the use of Implicit Association Tests – specifically designed to elicit unconscious
attitudes of subjects [123] – or prototype perceptions – social images of typical persons
engaging in certain behaviors [124].
Sixth, an important question is how does cultural capital affect different health behaviors [125]. As argued in chapter 8, the relationship between classical measures of
cultural capital (e.g. ‘highbrow’ cultural activities) and health-related behaviors does not
reflect an actual causal mechanism. However, identification of the causal mechanisms
(i.e. cultural signifiers that vary across social groups) is critical for a more rigorous test
of the importance of cultural capital for socioeconomic inequalities in health. Future
research should further explore potential mechanisms that may explain the relationship
between cultural capital and different types of health-related behaviors. Qualitative
research designs may be key to identifying those mechanism, which could then perhaps
be further explored in quantitative research with more potential for generalization.
Seventh, in order to provide more evidence for an actual causal effect of cultural capital on health-related behaviors, studies should also use different designs or techniques
that are better suited for causal inference. For example, the use of twin studies, relating
cultural capital to health-related behaviors of twins who grew up in environments with
different levels of cultural capital, would be able to effectively control for genetic factors, which would provide stronger evidence that an observed association represents
an actual causal effect.
Lastly, the relational positioning of health behaviors in social space is an important
aspect of the work of Bourdieu and only sparsely explored in other studies [126, 127].
Using multiple correspondence analysis techniques – which visually maps to what
extent categories of included variables are related to each other – may provide useful
insights into the relationship between several forms of capital and health-related behaviors. In addition, qualitative research designs hold the promise to provide greater insight
and in-depth understanding of the mechanisms that drive health-related behaviors
in different social contexts. Although these methods are much less common in social
epidemiologic research, other disciplines (e.g. anthropology, sociology) do have rich
tradition of qualitative research. More collaboration and exchange between disciplines
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will likely increase our collective imagination and provide a richer understanding of the
drivers of health inequalities.

The quest for causality and theoretical depth
The lack of success in the field of social epidemiology (i.e. a failure to reduce health
inequalities) has let social epidemiologist to ponder what could be improved [98, 128141]. Two important problems are often mentioned, sometimes concurrently: 1) lack of
evidence on causal relations, and 2) lack of adequate theoretical models. Although both
are often acknowledged to be important, they are currently also often in odds with each
other. The first problem refers to inconclusive evidence and potential biases that arise
from using observational studies. These issues have led to the rise of the field of causal
inference, which has come up with formal definitions and rules that allow for causal
inference on the basis of observational data [142-146]. The second problem has led to
the adoption of socioecological and life-course models, with increasing attention for
environmental determinants and differential effects of exposures across the life-course
[22, 98, 104, 140, 147-150].
These two emergent paradigms are often in conflict with each other [151, 152], because the prevailing statistical techniques in the social sciences are not yet able to unite
them. Whereas the causal inference paradigm is formal and requires well-defined interventions (consistency assumption), the paradigm concerned with theoretical substance
is often not able to refuse and sacrifice the rich detail of social life that is needed to come
to an adequate understanding of socioeconomic inequalities in health. However, at the
core, both paradigms are concerned with the same questions: whether – and to what
extent – X affects Y and why or how X affects Y. To be able to make any scientific claims
about these questions, causality should take priority. However, to have any significance,
these questions should be answered in reference to the real-world, which is not always
reducible to well-defined interventions. This means that the causal processes under
study will often need to be contextualized with theories that will inevitable not adhere
to the rules of the causal inference paradigm. A major challenge will be to successfully
integrate these two paradigms, because both are needed to make any significant progress in explaining and reducing health inequalities.

Implications for policy and interventions
Socioeconomic inequalities in health-related behaviors are of interest to social epidemiologists first and foremost because they contribute to socioeconomic inequalities in
health. Such inequalities in health are deemed unfair, at least to the extent that they are
related to societal and environmental processes that are beyond the control of individu-
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als, and should therefore be reduced. Moreover, increasing the health status of lower
socioeconomic groups to that of their more advantaged counterparts would generate a
substantial improvement in population health and reduction in health care costs, which
benefits the whole of society. However, in order to effectively reduce socioeconomic
inequalities in health, it is important to identify mechanisms that contribute to these
inequalities and that provide entry-points for policies and interventions to improve the
health of lower socioeconomic groups. This is where the attention for socioeconomic inequalities in health-related behaviors has emerged: health-related behaviors have been
shown to contribute to socioeconomic inequalities in health and could therefore be
targeted as a way to reduce health inequalities. To aid in this endeavor, this last chapter
is devoted to the implications of our findings for policies and interventions that aim to
reduce socioeconomic inequalities health-related behaviors and health.

Culturally adaptive interventions
The findings in this thesis suggest that cultural inequalities may be more relevant for
health-related behaviors than economic inequalities, at least in the Dutch context. This
suggests that adopting healthy behavioral patterns will be much more difficult for lower
socioeconomic groups, because it will conflict more with their identity and that of their
socio-cultural environment. This cultural context should be given a more prominent
role in interventions. Whereas interventions targeting racial/ethnic minority groups
do sometimes adopt culturally tailored/targeted interventions [153-159], this is almost
never done outside the realm of racial/ethnic differences. However, as is shown in this
thesis, culture is much more than race or ethnicity, and behavioral interventions should
also be tailored to the sociocultural context of lower socioeconomic groups to improve
their effectiveness. An important question is how to do so. This is not a question that
should – or can – be answered by (public health) professionals, but should be informed
by the ideas and perceptions of the target groups themselves. It seems clear that healthrelated behaviors do not have the same meaning in lower socioeconomic groups as they
have in higher socioeconomic groups. Interventions should therefore be better aligned
to what is considered meaningful and practicable in different socio-cultural environments [101, 111]. For example, among groups with a high level of institutional distrust
(which is related to low cultural capital), governmental health campaigns emphasizing
the health consequences of certain behaviors (e.g. smoking, alcohol consumption, the
consumption of ultra-processed foods) are likely ineffective. However, if such a message
would be transferred through (culturally) significant peers, it may prove to be more effective. A similar strategy was adopted in the ASSIST trail, where a peer-led intervention
in secondary schools in the UK was found to be effective in preventing smoking among
adolescents [160].
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As the twig is bent, so is the tree inclined
Socialization is key in the adoption of cultural capital and the embodiment of norms
and preferences. Socialization therefore likely plays a strong role in the adoption of
health-related behaviors [105, 107, 161]. Interventions focusing on young children and
their parents may therefore be most successful, as incorporating healthy habits then
becomes part of the socialization process. For example, helping parents with young
children to adopt childrearing practices that will stimulate the development of healthy
eating practices can be seen as a promising strategy. However, as previously described,
it is important that such an intervention is aligned with the socio-cultural environment
of the parents, and doesn’t ‘force’ practices that are orthogonal to those of the target
group. Schools also provide a promising setting to stimulate healthy behavior, for example by providing healthy meals to pupils, restricting unhealthy products in canteens
and vending machines, and by increasing time for physical education. However, it is key
that such interventions and policies focus on continuity and long term effects (e.g. by
making it part of the school’s curriculum), because it takes time to accept and internalize new practices and that is best accomplished by continued exposure. Although such
interventions do already exist [162], there is an urgent need to expand these initiatives
in order to tackle the vicious cycle of social and health-related problems that persist
from generation to generation.

Target unhealthy production, not unhealthy consumption
The importance of cultural capital in generating and maintaining socioeconomic
inequalities in health-related behaviors also suggests that changing this distribution
will not be easily accomplished. However, there are options available that bypass this
problem entirely and that have the greatest potential to improve the health of all
population groups: reducing exposure to unhealthy products for the entire population. Research also shows that structural interventions – interventions that remove
individual agency and render the healthier option the only option – are most likely to
reduce socioeconomic inequalities in health [163, 164]. For example, smoke-free legislation, restrictions on the amount of sugar or salt in food and drink products, or removal
of vending machines with unhealthy snacks from schools or workplaces, bypasses that
individuals have to make the healthy choice themselves. These structural policies have
a far greater chance of reducing health inequalities than interventions that rely solely
on the conscious action (i.e. agency) of the individual. The findings of this thesis also
support this perspective, because it suggests that due to differences in cultural capital,
lower socioeconomic groups will have lower engagement with and more negative
reactions to health behavior interventions that merely targets individual choices (e.g.
interventions relying on information and education). Unfortunately, contemporary
governments seem to be very reluctant to intervene in unhealthy production [150, 163,
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164]. This is not just a matter of political ideology (i.e. political ideologies that prefer less
governmental regulations), but rather a striking gap between regulations for products
that have the most severe health consequences (and high economic value) and regulations for other consumption products. As a consequence, most public health initiatives
are focused on unhealthy consumption. However, it should be a core task of public
health professionals to continuously remind our legislators that they have the obligation to protect the health of the population. There is a far greater likelihood to tackle
health inequalities if effort is given to necessitate structural interventions, rather than
investing increasing amounts of time and money in short-term interventions that aim to
change health behaviors one person at a time.
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