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ABSTRACT

Do Occupational Demands Explain the Educational
Gradient in Health?

The aim of this paper is to investigate to what extent occupation-specific demands explain
the relationship between education and health. We concentrate on ergonomic,
environmental, psychical, social and time demands. Merging the German Microcensus 2009
data with a dataset including detailed occupational demands (German Employment Survey
2006), we have a unique dataset to analyze the mediating role of occupational demands in
the relationship between education and health status on the one hand and education and
health behavior (BMI and smoking) on the other. We base our analyses on the entire working
population and therefore also include those who no longer work, taking occupational
demands related to their last job. First, we find that occupational demands are significantly
related to subjective health and health behaviors. This holds even stronger for those who are
no longer employed. Second, we find that whereas occupational demands do not explain
educational differences in subjective health status, they do partially mediate the education
gradient in the considered health behaviors. Educational differences in smoking status can
partly be explained by ergonomic, environmental, psychical and social demands. The
educational gradient in BMI is partly attributable to social occupational demands.
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1 Introduction

There seems to be no doubt that education is related to health. Many studies in various research disciplines
have identified a strong relationship between education and a number of health outcomes and a widespread
finding is that the better educated report better health and also face a lower mortality risk (for a review of
the economic literature, see Cutler and Lleras-Muney 20006). In addition, some studies even found evidence
that this relationship is causal, at least for men (Kemptner et al. 2011) and at older ages (Brunello et al.
2011).

Though this relationship seems to be indisputable, it is still not fully clear what the different underlying
pathways are, as Grossman (2006) concludes that there is “a good deal of evidence for the proposition that
the education effects are causal but it is less conclusive with regard to the identification of specific mecha-
nisms” (p. 578). Several studies suggest health behaviors or risky behaviors, as mechanisms for the observed
education-health gradient. Risky health behavior such as smoking, physical inactivity, bad dietary habits and
alcohol consumption are found to adversely affect health (e.g., Cawley and Ruhm 2012). However, health
behaviors do not fully explain the relationship between education and health. Therefore, there must be other
underlying mechanisms such as cognitive skills or labor market conditions (e.g., Cutler and Lleras-Muney,

2006; Lochner, 2011; and Schneider and Beblo 2010, for Germany).

In this paper, we analyze a different mechanism for the relationship between education and health: occupa-
tional demands. We consider ergonomic, environmental, psychical, social and time occupational demands.
Ergonomic demands, such as working in a standing position, and environmental demands, such as working
with dangerous substances are considered to be physical demands. Apart from that, psychical demands (e.g.
working under pressure), social demands (e.g. being supported by colleagues) and time demands (e.g. work-
ing in shifts), are types of psychosocial demands. We assume that these demands are the same for workers
with the same gender and age within occupations at a 2-digit level occupational code.! Previous studies have
shown that educational level is related to occupational demands (e.g., Monden 2005). As different physical
and psychosocial demands are related to health as well (e.g., Fletcher et al. 2011), these occupational de-

mands can serve as a mechanism to account for the relationship between education and health.

There is already some literature which analyzes the possibility that physical and psychosocial occupational
demands could be an explanation for the relationship between socio-economic status in general and health.
However, most of these studies either focus on a small subgroup of the population (Brand et al. 2007 and
Warren et al. 2004 for high school graduates; Sekine et al. 2009 for civil servants) or focus on socio-eco-

nomic position more in general (Kaikkonen et al. 2009; Niedhammer et al. 2008). We contribute to the

1 We use the German classification of occupations, “Klassifizierung der Berufe 1992 (KIdB), which is comparable to the ISCO
codes.
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literature in three ways. First, we analyze the extent to which different physical and psychosocial occupa-
tional demands play a role in explaining the relationship between education and health for a representative
sample of the entire working population. We use a combined measure of education that distinguishes be-
tween different educational levels on the one hand (primary to tertiary) and the type of educational degree
on the other hand (general versus vocational), which matches the features of the German educational system
better. Second, we extend the literature by analyzing not only workers” health status but their health behav-
ior as well. More precisely, we focus on subjective health status, BMI and smoking status. Third, we include
both employed and no longer employed? people in our analyses, whereas previous studies mostly focused
on the working population only. For the no longer employed, we use characteristics of their former occu-
pation. This has the advantage that we do not exclude people who might potentially already have left the
workforce (by becoming long-term sick, unemployed or by taking early retirement) due to adverse occupa-

tional demands.

To analyze the question to what extent occupational demands can explain the relationship between educa-
tion and health, we merge the German Microcensus data with the German Employment Survey. The Ger-
man Microcensus data are unique in the sense that they cover a large representative sample of the German
population (1%). The Microcensus includes information on various topics such as demographics as well as
detailed information on the respondent’s education, occupation and health. Based on the occupation indi-
viduals work(ed) in, we can match this dataset with information derived from the German Employment
Survey. This dataset is constructed to get more insights into the job tasks and demands of the German
population. Thus, the German Employment Sutvey makes it possible to construct different physical and
psychosocial occupational demand indices (cf. Kroll 2011). Even though the combination of these two
datasets does not allow for causal interpretations, it does provide us with a unique dataset that enables
mediating analyses on the role of occupational demands in explaining the relationship between education

and health.

We find that whereas occupational demands do not explain educational differences in subjective health
status, they do partially mediate the education gradient in the considered health behaviors. Educational
differences in smoking status can partly be explained by ergonomic, environmental, psychical and social
demands. The educational gradient in BMI is partly attributable to social occupational demands. Time de-
mands play no role in mediating the relationship between education and health or health behaviors. More-
over, our analyses show that occupational demands (apart from psychical demands) are more strongly re-
lated to health for people who are no longer active in the labor market. We even find that a longer time

span since leaving the active labor market implies a stronger relationship between ergonomic, environmental

2 These people are entitled “no longer employed” to distinguish them from the unemployed, who form only a part of this group.
“No longer employed individuals” are those individuals who are not employed in 2009 but have worked in the past and are at the
age of 25-65 years. However, the no longer employed might reenter the labor market after 2009, which we do not observe.
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and social demands in the last occupation and current health. This suggests that high occupational demands

increase the probability that individuals will become unemployed or inactive (due to sickness).

The outline of the paper is as follows: In Section 2, we situate our paper in the context of the existing
literature. The dataset, the construction of the occupational demand indices and some summary statistics
are described in Section 3. In Section 4, we report on the empirical approach with regard to the mediation

analysis. In Section 5, we report and discuss our findings. The final Section concludes.

2  Related Literature

A first requirement for occupational demands to be a potential mediator in the relationship between educa-
tion and health is that education and occupational demands are related. Occupational requirements are often
related to both the level and field of education. For example, one needs a medical diploma (a master’s degree
at least) to become a general practitioner. The relationship between education and occupational demands
has been confirmed by a number of studies. Monden (2005) focused on educational differences in lifetime
exposure to adverse working conditions (retrospective) and found a negative relationship between years of
education and bad working conditions. Borg and Kristensen (2000) found that whereas a lower the social
class is related to worse environmental exposures, such as chemical or ergonomic conditions, for some
psychosocial working conditions, such as psychological demands, the opposite relationship was found. In
other words, those from a lower social class experience lower psychosocial working conditions than those
from a higher social class. This suggests heterogeneity in the relationship between education and working

conditions across the type of working conditions.

A second requirement is that occupations, or more specifically occupational demands, are related to health.
Several studies have shown that there indeed is a relationship between occupations and health. Some studies
found a faster deterioration in health for manual workers (e.g., Morefield 2011; Choo and Denny 2000).
While differences in health between occupational statuses have been well explored, only a few studies put
emphasis on more disaggregated occupational groups that operationalize job characteristics rather than so-
cial prestige, which is what using occupational status does. One reason might be that such analyses require
rich data containing enough observations per occupational group to achieve reliable results. A US-American
longitudinal study by Johnson et al. (1999) looked at 69 different occupational groups to investigate differ-
ences in mortality risks and found that the higher the intensity of work and the less qualified the work, the
higher the mortality risk of an occupational group. In this study, we include occupational demands on a low

aggregation level (2 digit) to analyze the relationship between occupational demands and workers” health.

According to this previous literature, occupational demands may indeed explain the relationship between
education and health. Nevertheless, most studies do not deal with education per se, but analyze the mediat-
ing role of occupations or occupational demands between socio-economic status and health. Warren et al. (2004),
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as well as the extended analysis of this study by Brand et al. (2007), found that occupational demands,
measured by physical and psychosocial demand indices, play an important role in mediating the associations
between socio-economic status and self-assessed health, cardiovascular and musculoskeletal problems.
However, as they only considered high school graduates, generalization of their findings is scarcely possible.
A different study investigated the link between occupational demands and socioeconomic inequalities in the
incidence of myocardial infarction (Huisman et al. 2008). This study found that job control and adverse
physical working conditions provide a partial explanation of this link. Interestingly, job control turned out
to be the only psychosocial demand that was significantly related to myocardial infarct, though the research-
ers considered numerous other psychosocial demands. Lahelma et al. (2004) found that occupational class
mediates the relationship between education and health only to a very small extent. Using French data,
Niedhammer et al. (2008) found that ergonomic, physical and chemical exposures, measured by expert eval-
uations, as well as self-perceived decision latitude, reduce the occupational class differences in health by 24-
58%. However, they did not find that any other self-perceived psychological demand contributed. As most
of these studies focus on a small subgroup of the population only, we contribute to this literature by focusing

on a representative sample of the entire working population.

Although there are some other studies that analyze the mediating role of occupational characteristics in the
relationship between socio-economic status and health, only a few analyze the mediating role of occupations
or occupational demands in the relationship between education and health. Most studies include occupational
dummies and thereby make it harder to identify what the exact mechanism is. We are aware of only a very
few studies that analyze the mediating role of occupations in explaining the relationship between education
and health. Cutler and Lleras-Muney (2006) simply controlled for occupation and industry dummies in lon-
gitudinal data and did not find that occupations can be the main mechanism by which a higher education
relates to better health. Case and Deaton (2003) also included occupational dummies in their regression of
education on health. Including 16 different occupational groups, they found that effects of education are
reduced though not eliminated by controlling for occupation. They concluded that lower-paid work in man-
ual occupational groups impairs self-rated health much higher and in addition self-rated health in these
groups worsens even faster with time. However, from their study, it remains unclear what occupational
characteristics are responsible for the mediating effect they identified. Three studies explicitly looked into
the mediating role of occupational demands in explaining the relationship between education and health.
However, these studies often focused on a subgroup of the population, thereby reducing the generalizability
of their findings. Focusing on a sample of high school graduates only, Brand et al. (2007) analyzed the role
of physical and psychosocial job characteristics in explaining the relationship between the probability of a
completed college education and health. They found that the occupational demand indices used account for
some or all of the associations between education and health, depending on the health outcome considered.
Monden (2005) investigated the mediating role of lifetime exposure to different physical and psychosocial

working conditions in the relationship between education and subjective health for the Dutch population.
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Taking retrospective information, he found that lifetime exposure to adverse working conditions explains
about one third of educational differences in subjective health for men but only a small percentage for
women. In addition to Monden (2005), we include also the non-working population, as a history of working
in occupations with adverse occupational demands could lead to unemployment or eatly retirement due to
poor health. Moreover, we extend Monden’s research by focusing not only on subjective health, but on

health behavior as well.

Several pathways for how occupational demands might operate as mediators in the education-health rela-
tionship are conceivable. For physical demands it is likely that the lower educated choose or depend on jobs
with poor working conditions, which could affect workers health directly due to attrition or accidents. More-
over, it is also possible that physical demands promote unhealthy behaviors. People working in physically
demanding occupations are likely to have an increased need for brief periods of rest during the working day.
Smoking could be used as an excuse for taking such short breaks (Albertsen et al. 2004). In addition, smok-
ing breaks could be culturally-rooted, especially in manual occupations. As a result, peer effects are likely to
occur, as workers might be more inclined to smoke or also eat if their co-workers do so. Unlike physical
demands, psychosocial demands are likely to occur both in low-skill and high-skill occupations. While the
lower educated could experience psychosocial demands such as a small degree of autonomy at work, the
higher educated are more likely to experience a different kind of psychosocial demands, e.g. often being
given new tasks or having to work overtime. Both could be perceived as stressful, and it is therefore not a
priori clear how education might be related to psychosocial demands. However, compared to high-educated
workers, it is possible that the low-educated workers have a lower level of (health) knowledge and poorer
coping strategies to deal with psychosocial demands, e.g. time pressure or lack of social support. In turn,
this could influence their health behaviors, as smoking or excessive eating could serve to compensate for

such stressful demands.

3 Data and Summary Statistics

The data we use to analyze the relationship between the level of education, occupational demands and health
are based on two sources. First, we use individual-level data from the German Microcensus (2009), an annual

administrative census on the living situation covering approximately 1% of the German population with



interviews imposing a duty of disclosure.> Second, we use the German Employment Survey (2005/2000),

from which we construct indices for occupational demands*.

The German Microsensus has a large number of observations, and is therefore adequate for analyses con-
sidering subgroups, such as occupations, comprising enough people even in rare occupations. In addition,
the sample from 2009 offers the latest available information on health-related questions as the Microcensus
contains an add-on module on health only every four years. Whereas the participation in the Microcensus
is inherently mandatory, sensitive questions, such as those about a respondent’s health and health behavior,

are voluntary and therefore non-response-rates on these items occur in a range from 18 -25%.5

We restrict the analyses to people aged 25-65 in order to concentrate on the working-age population and
those likely to have completed their education. Additionally, people with non-valid data on actual and for-
mer occupations are excluded and only people living in private households which are their main residence
are considered in order to avoid some individuals being counted twice. Overall our final sample consists of

359,587 individuals.

In this study self-assessed health status and health behaviors are considered as outcomes of interest. The
question on health status (Hawve you been ill or injured during the last four weeks?) is translated into a dichotomous
variable (“bad health”) taking the value 1 if the respondent has been in bad health during the last four weeks
and 0 if not. Measures of health behavior are smoking status and body mass index (BMI)7, as smoking and
obesity are the dominating behavioral factors that promote various health problems and even death. Smok-
ing status is used as an indicator variable (“smoker”), taking the value 1 if the respondent currently occa-

sionally or regularly smokes and 0 if not. BMI is calculated by the common formula (weight in kg/height in

3 Due to the cross-sectional design of the data used, it is not possible to consider cumulative exposure to work factors which could
be important if persistent occupational demands affect health in the long term to a greater extent (see Fletcher et al. 2011 or Monden
2005). As there is no detailed information on work history in the database, we are not able to consider job transitions which might
occur due to harmful occupational demands. Nevertheless, we are able to include retrospective information on unemployed and
inactive people on about their former occupation and therefore mitigate the selection problem that the working population is per
se healthier as they are healthy enough to work.

4The German Employment Survey 2006 also includes information on subjective health status and education. However, information
on health behavior is not included in this Survey. Moreover, the German Employment sutvey does not allow analyses at the 2-digit
occupational level as the sample size is too small. Therefore, we base our main analyses on the German Microcensus 2009, which
is a large dataset that includes information on health behavior and contains enough observations by 2-digit occupational groups.

> Non-response analyses indicate that higher educated, married individuals living in Eastern Germany have a slightly lower proba-
bility of answering the health questions.

¢ It has to be considered, that this specific question rather captures short-term illnesses during the last month rather than long-term
or chronic diseases which are probably not captured by this health measure.

7 There are limitations with the measurement of these health outcomes as they are based on self-reported data and the results could
suffer from measurement error. Measured BMI is generally higher than self-reported (Cawley 2004). Thus, BMI as well as smoking
could typically underestimated for example due to social desirability.
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m?), using self-reported height and weight and considered as a continuous outcome in the analyses®. Alt-
hough BMI is only an indirect measure of health behavior, as a proxy for nutrition behavior and physical

activity it is commonly used as an indicator for future health or risky health behavior (e.g. Jiirges et al. 2009).

As the Microcensus contains separate information on the highest school and vocational qualification, a
combined vatiable considering both educational level and the type of educational degree (general versus
vocational) is constructed according to the CASMIN-Classification. The CASMIN-Classification is one of
the most frequently applied instruments to measure education in an international comparative sense (Brauns
et al. 2003). Education is therefore classified into eight different stages: primary education (if the respondent
has not completed any kind of secondary schooling), lower, intermediate and upper secondary education
each with information on the completion of any kind of vocational training (voc) or not (gen) and tertiary
education. In all the analyses, education is included as a categorical instead of a continuous variable in order
to better understand the relationship between education and health and the possible mediating effect of
occupational demands, and to determine whether returns to schooling are similar for every level or whether

some levels of education are even more strongly related to health (Cutler and Lleras-Muney 2000).

There is no information on physical and psychosocial working conditions within the Microcensus. We fol-
low Kroll (2011) in proxying occupational demands by constructing indices via multilevel regressions from
the German Employment Survey. Via occupational codes, the indices (separate for each gender and age
group) are matched to the Microsensus. Both datasets are representative for the German working popula-

tion.?

The German Employment Survey (2000) is a representative labor force cross-section on qualification and
detailed working conditions in Germany covering 20,000 employees. The Employment Survey was con-
ducted jointly by the German Federal Institute for Vocational Education and Training (BIBB) and the Get-
man Federal Institute for Occupational Safety and Health (BAuA) and included employed people working
at least 10 hours per week and remunerated (Hartmann 20006). Similar to the Microcensus, we restrict the
construction of the occupational demand indices to employees aged 25-65. The sample on which the occu-

pational demands are based therefore consists of 18,797 individuals.

In contrast to the Employment Survey 2000, we focus not only on people currently working according to

the Microcensus 2009. If people did not state a current occupation for one or more of several reasons, such

8 BMI as a measure of overweight is often criticized due to the fact that muscle mass leads to a higher BMI and therefore does not
serve as a proxy for overweight. As a robustness check, we calculated probit models with marginal effects for the indicator variable
obese (BMI >= 30) and not obese. This yields similar results.

? For the employed people in our sample, we have to assume that occupational demands did not substantially change in the years
between the dates of the two surveys were hold (2006 and 2009). Unfortunately, the German Employment Survey provides data on
occupational characteristics for 2006 only and there are no comparable German data containing such detailed information on oc-
cupational demands for past years. For those no longer employed in 2009, we have to assume that occupational demands have not
changed significantly since they have left their jobs. The average time span between 2009 and withdrawal from the labor market is
7.8 years for the sample of no-longer employed people.
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as unemployment or (early) retirement, the last occupation is taken instead, assuming that former working
conditions affect current health. We do so because there could be a non-random selection of workers who
have left the active labor market because occupational demands negatively affect their health and they are
no longer able to work. The workers in the Microsensus might therefore be a positive selection of people,
the so-called healthy worker effect (McMichael et al. 1974). Hence, we construct a continuous variable that
indicates how many years have elapsed since the respondent hast left his/her last occupation. This vatiable
equals 0 if the respondent is currently employed and therefore data on his/her current occupation are avail-
able to control for in the analyses. People without information on their last or current occupation are ex-
cluded.!” Occupation is measured by the classification of professions (1992) of the German Federal Em-
ployment Agency’s (KIdB92) 2-digit codes, distinguishing 88 different occupational groups. This classifica-
tion is very similar to the International Standard Classification of Occupations (ISCO) but structures occu-

pation more adequately for the German labor market.

Additionally, we include the following control variables in all our regressions: gender, age, (age/10)?, marital
status, region (West vs. East Germany) and the number of hours usually worked by the respondent per

week.

Overall, both samples are fairly similar distributed with regard to the main variables considered in this study
(see Table Al in the Appendix). The distribution of education, measured via CASMIN, differs slightly in
the two data sources, as the better educated are somewhat overrepresented in the Employment Survey. The
share of individuals without a vocational degree (referred to as general education) declines with rising edu-
cational level in both samples. Some further differences, e.g. in age and gender, occur due to the fact that

no longer employed individuals are included in the Microcensus but not in the Employment Survey.

3.1  Construction of the Occupational Demands

Our way to measure occupational demands deviates from the way that is common in occupational epide-
miological research, namely calculating a so called Job Exposure Matrices (JEM) by taking occupation-spe-
cific means. However, this method is problematic, as it implicitly assumes that the observed characteristics
result from the features of the occupation only and that there are no other important differences between
the workers. Thereby, group and individual effects on the outcomes cannot be disentangled (Kroll 2011).
Our method is also different from previous cross-sectional research on mediating effects of occupational
demands in the education-health relationship, which mainly takes individual assessments of occupational
demands (e.g. Warren et al., 2004; Monden, 2005). That way, personal characteristics rather than objective

occupational demands might be captured in the measure of occupational demands. We therefore pursue

10 This concerns 9,649 people who have either never worked or did not report valid information on their occupation.
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another approach and suppose that occupational demands themselves are mainly driven by differences in

occupations, age, working hours per week and gender.

We build on Kroll (2011) by performing a multilevel analysis with random intercepts to generate occupation-
specific demands. This strategy yields more robust occupational demands for small occupations than the
commonly used JEM do. Contrary to Kroll, we consider each of the five categories separately — ergonomic,
environmental, psychical, social and time demands — instead of adding these categories to a physical and
psychosocial index. Thus, occupational demands are included in a more detailed way to avoid aggregation

bias, as each of them might be differently correlated with education and health. !

Following Kroll (2011), the procedure of generating the five demand indices contains several steps. First
the 39 single items (see Table A2 in the Appendix) collected in the Employment Survey 2006 are dichoto-
mized (having harmful demand often vs. never, seldom, sometimes), assigned to five categories (ergonomic,
environmental, social, psychical and time demands) and added to an individual sum score for each of the
five categories. As some conditions are health enhancing, e.g. arranging work in own schedule and all social
demands, the labels are interchanged (never vs. seldom, sometimes, often). Finally, the five individual indices
— ergonomic, environmental, psychical, social and time occupational demands — are taken as outcome vari-
ables for the random intercept model to calculate the final indices by adjusting for the interceding variables

gender, age and working hours. In Equation (1), the model is written down formally:
YLJ = ﬁ0+ U.O]'+ ﬁxXi+ €ij i=1,...,n ]=1,2,3 (1)

In which Y; ; denotes a specific type of occupational demands of individual 7in occupational level j. Multilevel
regressions with random intercepts cope with the nested structure of data — here individuals nested within
occupations — by dividing the overall error term in one separate random error term per level (indicated by
subscript /). Following Kroll 2011, we exploit the full hierarchical structure of the occupational classification
(KldB) by considering three levels (indicated by subscript 7): the 2-digit (86 different groups), 3-digit (369
groups) and 4-digit (2,287). The occupational level specific intercepts (U, Uy, Uz ) represent unobserved
heterogeneity across each occupational level. Thus, the overall variance of occupational demands is sepa-
rated into variation that is attributable to 2-digit occupation-specific characteristics, variance that is attribut-
able to differences between 3-digit occupations, variance that can be ascribed to the 4-digit occupations and
finally the residual variance that is attributable to other, individual-specific characteristics (Rabe-Hesketh
and Skrondal 2012). Therefore, it is assumed that occupational demands arise from the sum of parameters

for overall job demand (B,), the occupational group specific demand on the level of KIdB 2-digit, 3-digit

11 There are some more differences between Kroll’s (2011) approach and ours: job tenure is not included as covatiate because there
is no information on it in Microcensus. Additionally, in contrast to Kroll (2011), we include the control variables in categories.
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and 4-digit (Ug;), a vector of covariates including gender eight age dummies, five dummies for the usual

number of working hours per week (8X;) and the individual error term (€;; ).

To assess the proportion to which the total variance in occupational demands can be ascribed to the differ-
ent occupations in their different levels, variances belonging to the different levels and consequential the
intra-class correlations are reported. Intra-class correlations represent the within cluster correlation, i.e. the
shate of variance attributable to the occupational level that ranges from 0 if the grouping conveys no infor-

mation to 1 if all members of a group ate identical.

The five multilevel predicted demand indices are merged by gender, 8 age group dummies'? and 86 occupa-
tions (KldB 2-digit) with the Microcensus.!3!4 That is to extend the variation because occupational demands
not only differ by occupations but also by gender and age and the data offers enough cases, i.e. there is one
separate value for each combination (1,376) of the merge variables (subsequently denoted by the subscript
). For a better interpretation and a better comparability among each other the occupational demand indices

are z-standardized before merging.

As there is no information on the number of working hours in the respondent’s former occupation and
thus for the no longer employed individuals, we use imputation by taking the mean working hours per week

via gender, age-group (when occupation was left) and the respondent’s last occupational group.

Table 1 shows the results of the random intercept model predicting the five different occupational demand
indices. 1> Within occupational groups there are small gender-specific differences in occupational demands.
Women suffer from higher ergonomic, psychical and social demands, whereas men are more often exposed
to environmental and time occupational demands. The high intra-class correlations show that the physical
and psychosocial occupational demands considered vary substantially between the different occupational
groups. This especially applies for physical demands where about 39% of the variance in ergonomic and
environmental demands is attributable to differences between the occupations (KldB 2-digit). While the
first occupational classification level (2-digit) explains a large part of the variation in occupational demands,
only a smaller share of the variation is attributable to the other two included levels. Coherently, the variances
of the most aggregated level also show the greatest absolute value. Especially ergonomic and environmental

occupational demands vary substantially between occupations, to that extent, that the variation attributable

12 For the no longer employed, occupational demand indices are merged via the age in which the tespondent has left his/her
occupation.

13 Predicted values include the fixed and random part of the Random-Intercept Model.

14 This approach is different to Kroll (2011) who classified occupations into deciles according to the occupational demands which
leads to a loss of information and variation.

15 The results of Kroll (2011) differ marginally; presumably due to slightly different model specifications (see Section 4.1).
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to all levels is even greater (52%!1¢ and 57%) than the residual variation, representing the variation on indi-
vidual level. Differences in social and time occupational demands (15% and 30% respectively) can be as-
cribed to the occupational levels to a lower extent. Differences in psychical demands are merely attributable
to occupational groups (6%). This could be due to the fact that the nature of psychical demands is rather
subjective than objective. On the whole, occupational demands — especially physical demands — vary con-

siderably between occupations and thus utilizing multilevel regression seems appropriate.

3.2 Descriptive Evidence

Occupational demands can only play a mediating role when they are related to both workers” education level

and to workers’ health (behavior). Therefore, we report on these raw relationships here.
Education and Occupational Demands

Ergonomic, environmental and social demands clearly differ between educational groups (see Figure Al in
the Appendix). People with primary education report the highest ergonomic, environmental and social de-
mands within their occupation. Moreover, a gradient is shown for these demands, i.e. the amount that peo-
ple report to experience these demands is gradually declining with increasing educational level. People with
tertiary education suffer least from these demands. An opposite pattern emerges with respect to psychical
demands. People with tertiary education report to suffer most often from psychical demands while lower
educated people report less psychical demands.!” Overall, the considered occupational demands are clearly

related to education, except for time demands which do not follow a regular pattern.

Occupational Demands and Health

There is a positive relationship between the probability of being in bad health on the one hand, and envi-
ronmental, ergonomic and social demands on the other hand at the occupational level (see Figure A2 in the
Appendix). The correlation between time demands and the probability of being in bad health at the individ-
ual level is slightly negative and significant at the 5% level. An even stronger negative relationship is found

between psychical demands and the probability of being in bad health.

With regard to BMI we observe a clear positive relationship between all types of occupational demands and
BMI, apart from psychical demands at the occupational level (see Figure A3 in the Appendix). This implies

that people who work in occupations that are more demanding have on average a higher BMI. This also

16 This results when all intra-class correlations of the three different occupational levels are taken together: e.g. ergonomic demands:
0.394 + 0.0562 + 0.0644=0.515.
17.Qiu et al. (2012) also found that education is positively related to psychical work characteristics (such as challenge).
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holds for correlations at the individual level. People working in occupations with high psychical demands,

report on average a lower BMI.18

The correlations between the occupational demands and the probability to smoke are much stronger than
those for health status and BMI, both at the occupational as well as at the individual level (see Figure A4 in
the Appendix). Again, we find a positive and significant correlation between smoking and all but one type
of occupational demands. Especially ergonomic and environmental demands are strongly correlated with

smoking. For psychical demands we find a negative correlation with the probability to smoke.

Overall, health behavior and health status are worse among individuals who are exposed to higher occupa-
tional demands. The strongest correlations are found for occupational demands and smoking status. Only
for psychical demands we find the opposite: the higher the psychical demands, the better self-rated health

and the lower BMI and smoking probabilities.
4  Empirical Approach

In this paper, we investigate the mediation effect of five different types of occupational demands in explain-
ing the relationship between education and health. Whereas previous studies restrict their mediating analyses
on (a small part of) the working population, we also include people who have worked before but are no
longer doing so (though they are still part of the workforce). This expands the generalizability of our find-
ings. Using characteristics of their former occupation and including a measure of the time left since they left

their last employment, currently not working people are still part of our sample.

We follow the procedure suggested by Baron and Kenny (1986) to investigate if any of the considered
occupational demand indices mediates the relationship between education and health or health behavior,

respectively. We use Ordinary Least Squares (OLS) models for estimating Equations (2) - (5).1°

As described in Equation (2), we first estimate the raw relationship between the different educational levels

(EDUC) and the health outcomes bad health, BMI and smoking status (HEALTH).

HEALTH; = yo + v, EDUC + ¥.X; + w; 2)

18 Tt seems plausible that psychical occupational demands might be related to eating behavior and thus to BMI. However, the
epidemiological empirical evidence is ambiguous (see e.g. Overgaard et al. 2004; Wardle et al. 2011 for an overview).

19 We estimate linear probability models (LPM) for the indicator outcomes bad health and smoking status, as the descriptive analysis
suggests that the relationship between the considered occupational demands and bad health and smoking status tends to be linear.
As a robustness check we also estimated marginal effects of Probit Models for the binary outcomes smoking status and bad health
in Equations (2), (4) and (5). As the results are very similar, we focus on the LPM results for the ease of interpretation. We use
robust standard errors clustered at the occupation level (KIdB 2-digit) in all models. In doing so, the aggregated data on occupational
demands is taken into account to achieve reliable results regarding significance. Additionally, the estimates’ significance levels get
compatable across models. As intra-class correlations are very small, there is no need to perform multilevel analyses in this case,
inferring that variations in health outcomes are negligibly attributable to occupations while occupational demands ate included.
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The vector X denotes the following control variables: gender, age, (age/10)?, matital status, region (West-
vs. Bast-Germany), the number of hours usually worked by the respondent per week, and the number of
years since the respondent has left his/her last occupation (if currently employed put equal to 0). Second,
we estimate one of the conditions that have to be fulfilled when testing mediations: we regress ergonomic,
environmental, psychical, social and time occupational demands on education to evaluate whether occupa-
tional demands are significantly related to different educational level dummies. The occupational demand
indices (OCC DEMANDYS) generated via the multilevel approach as described in Section 3.1 are used as

dependent variables in Equation (2):
0CC DEMANDS = 8y + 8, EDUC + 8,X; + {; 3)

Third, we estimate the relationship between occupational demands and health which is the second condition
that should hold for occupational demands to explain the relationship between education and health. We
include interaction terms in Equation (4) between occupational demands and the number of years since the
last occupation. This enables us to see whether occupational demands are differently related to health across

people who are currently employed compared to people who are (temporarily) dropped out of employment.
HEALTH; = 1y + n, 0CC DEMANDS + n5 OCC DEMANDS X YEARS OCCUPATION + n.X; + ; 4)

Fourth, we estimate the mediating model in which health is explained by both education and occupational
demands.?’ Comparing y; in Equation (2) and 8, in Equation (5), shows whether and to what extent the

inclusion of occupational demands the relationship between education and health explains.
HEALTH; = 6, + 6, EDUC + 6, 0CC DEMANDS + 0; 0CC DEMANDS x YEARS OCCUPATION 6,X; + &; 5)

We estimate a set of model specifications: specifications in which we include each occupational demand

separately, and a specification in which we include all five demands simultaneously.

20 It has to be mentioned that there might be potential alternative mechanisms, e.g. that individuals sort themselves in certain
occupations because of their health limitations. However, these mechanisms are not addressed in this paper and this approach
should be considered in a descriptive sense instead. But a comprehensive explanation of causal mechanisms via mediators is very
difficult to address even in experimental mediation analysis (Bullock et al. 2010, p.553). Biased estimates are likely to occur if the
direct effect is mediated by more than one variable or if the independent and mediating variables are related. In order to reduce the
resulting bias, randomized experiments are a viable solution. Yet, finding appropriate instruments that externally manipulate the
independent (education) and mediating (occupational demands) variable is a difficult task. As these problems are not satisfactorily
solved by standard statistical procedures, we do not claim any causal interpretations of our results.
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5 Results

5.1 Requirements for the Mediation Analyses

Education and Health

The results on the raw relationship between the different educational levels and the three health outcomes
bad health, BMI and smoking status (Equation 2) are shown in Table 2. In line with previous studies, we
find that education is significantly related to all of the three health outcomes, which is indicated by the
significant F-values testing joint significance of all educational levels. In Column (1), the results for the
probability of being in bad health are reported. We find that the five lowest educational levels are signifi-
cantly and negatively related to bad health. This implies that compared to the reference group — tertiary
educated individuals — people with lower levels of education, have a higher probability of reporting bad
health. Compared to the reference group, individuals with primary education have a 7 percent-point higher
probability of reporting bad health. There seems to be no significant difference in health perception between

tertiary educated and upper secondary education.

In Column (2) and (3), results with respect to BMI and smoking status are reported. For these measures of
health behavior, we find a significant relationship with all educational levels. For BMI, we even find an
educational gradient up to upper secondary general education: the estimates are gradually declining with
higher educational levels. The strongest relationship appears for primary educated individuals having a 2.6
kg/m? higher BMI than tertiary educated individuals (reference group). The highest probability of being a
smoker can be found for lower general secondary educated individuals, who have on average a 31 percent-

point higher probability to smoke than their tertiary educated counterparts.

Occupational Demands and Education

Table 3 displays the results on the relationship between occupational demands and education.?! Except for
time demands, all occupational demands ate significantly related to education. Ergonomic, environmental
and social demands are positively related to education. The lower educated work on average in occupations
with more hazardous physical and social occupational demands compared to individuals who completed
tertiary education. This finding is consistent with previous studies (e.g. Monden 2005). In line with the
descriptive evidence discussed in Section 3.2, psychical demands are negatively related to education so that
the education-gradient in occupational demands goes in the opposite direction compared to the other types

of occupational demands. Tertiary educated individuals experience higher psychical demands. In Column

21 We also performed these analyses within the original data derived from the Employment Survey 20006, distinguishing between
standardized individual sum scores. On the whole, the results within the Microcensus 2009 are similar to those within the Employ-
ment Sutvey. As we perform mediation analyses within the Microcensus, we present these results here.
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(5), we observe that time demands are not significantly related to any of the educational levels. This is in

line with the descriptive analysis discussed in Section 3.2.

Occupational Demands and Health

In Tables 4-6, we report the findings of the relationship between our health measures and the measures for
occupational demands. In Table 4, the results with respect to the probability of being in bad health are
reported. Apart from time demands all types of occupational demands are at least at the 5% significance
level related to the probability of being in bad health. The estimates of environmental, ergonomic and social
demands are positive, i.e. the higher the occupational demand, the higher the probability to be in bad health.
The described findings between ergonomic and environmental occupational demands and the probability
of being in bad health are found for both, the currently employed and for the no longer employed individuals
in the sample. We even find that the longer the time span since leaving the last occupation, the stronger the
relationship between the occupational demands and current health status is. This is shown by the significant
and positive interaction terms in combination with the F tests on joint significance in Table 4 and suggests
that people might have quit their jobs for health reasons due to hazardous occupational demands. In line
with the descriptive evidence, psychical demands are negatively correlated with bad health for currently
employed workers. This indicates that a higher psychical demand is related to better health. We find no
significant relationship for people who are no longer employed. Neither do we find a significant relationship
between social demands in the occupation and someone’s health status. In Column (6), all demands are

included simultaneously. The I test shows that the five occupational demands are together significantly

related to bad health.

Similar to bad health, ergonomic, environmental, psychical and social demands are significantly related to
BMI (Table 5) and the probability of being a smoker (Table 6). Apart from psychical demands, the point
estimates are positive and thus indicate that BMI and the probability to be a smoker rise with increasing
occupational demands. Of all significantly related demands, social demands are most strongly related to
BMI for employed people: a one standard deviation higher social demands is related to a 0.5 kg/m? higher
BMI. Otherwise, the probability that employed people smoke is mainly related to environmental demands.
A one standard deviation increase in environmental demands are related to a 6.5 percentage point higher
probability to smoke. We find that the relationships between ergonomic and social occupational demands
and BMI are even stronger for the no longer employed people. The smoking status of no longer employed
people is on average less strongly related to social occupational demands than for the currently employed
workers. In the opposite, for psychical and time demands, we find that the relationship with the probability

to smoke is stronger for the no longer employed than the employed.
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When all demands are included simultaneously (Column 6 in both Table 5 and 06), the correlation between
health behavior and social demands is most profound. This suggests that social demands play a major role

in explaining health behavior.

5.2  Mediating Role of Occupational Demands

We finally analyze to what extent the different occupational demands mediate the education-health and
education-health-behavior relationships (Equation 5) and Tables 7-9 report on the results. The first Column
of each of the three tables displays the relationship between the educational level and each health outcome
and is thus equivalent to the results presented in Table 2 (Equation 2). Thereby, education coefficients in
the first Column serve as direct comparison for the education estimates of the models that additionally
include occupational demands (Columns 2-7). Related percentage changes, t-values for significant differ-
ences and figures illustrating the changes in the education estimates are included in the Appendix (Tables

A3-A5; Figures A5-A7).22
Bad Health

As we have already seen, only primary, lower and intermediate secondary education are significantly related
to bad health (Table 7). If at all, occupational demands can only mediate the relationship between these
educational levels and the probability to be in bad health. We find that only the estimate for lower secondary
general education reduces significantly by 25% when social demands are included while none of the other
estimates reduces significantly (cf. Table A3, Figure A5). Additionally, the tests on joint significance of all
educational dummies on bad health are significant no matter which types of occupational demands are
included. Therefore, we conclude that occupational demands do not mediate the relationship between edu-
cation and bad health. This can be explained by looking into the coefficients on occupational demands.
Whereas occupational demands are significantly related to the probability of being in bad health in the
models in which educational dummies were left out (Table 4), they are no longer significant when educa-
tional dummies are included (except for time demands). Interestingly enough, for the no longer employed
people in our sample, we actually do find a significant relationship between the occupational demands in

their last job and their health status at least for ergonomic, environmental and time demands.
BMI

Contrary to bad health, BMI is significantly related to all levels of education (Table 8). Even after including
occupational demands, education remains significantly related to BMI. The individual education coefficients
slightly reduce when ergonomic, environmental and psychical demands are included, although these reduc-

tions turn out to be non-significant (cf. Table A4, Figure A6). This is in contrast to our findings with respect

x 100, t-values are calculated byM

old new

22 The percentage changes of the education-coefficients result from the formula
see Appendix Tables A3-A5 and Figures A5-A7).

Bnew—=Bola
B,
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to social demands. Education coefficients are reduced in the range of 15 to 20% when social demands are
included.?? For the lower four educational levels (primary to intermediate secondary general education) these
reductions turn out to be significant. Furthermore, the estimates in these educational levels also reduce

significantly (16-21%) when all occupational demands are included simultaneously (Table 8, Column 7).
Smoking Status

Similar to BMI, education is significantly related to the probability to smoke across all levels (Table 9). But
again, educational estimates on smoking status remain significant on a 0.1% level even if occupational de-
mands are included. Additionally, the F-tests on joint significance of all educational dummies remains sig-
nificant. Even though all education coefficients remain significantly related to the probability to smoke, the
size of the correlation decreases significantly (cf. Table A5, Figure A7). Especially the coefficients for the
lower educational levels decrease substantially. Including ergonomic demands, for example, significantly
reduces the coefficient on primary education by roughly 16% (e.g. from 0.244 to 0.204). Environmental
demands even draw a clearer picture by reducing four of the educational coefficients significantly and to an
even larger extent. The impact of primary education on the probability to smoke is reduced by 17% when
environmental demands are included. Moreover, for lower secondary educated individuals the reduction in
the education coefficients attributable to environmental demands is about 13-14%. Whereas reductions in
the education estimates turn out to be significant for lower secondary educated only (8-9%) when psychical
demands are included, social demands seem to mediate the education-smoking-relationship to a greater
extent. Those differences make about 18% for the primary educated individuals in comparison to tertiary
educated and about 12-13% for the following three educational levels (Column 5). When all demands are
included simultaneously, reductions in the education estimates are significant for all educational levels except
for the upper secondary vocational level. The estimate for primary educated reduces the most by 27% (from

0.244 to 0.179).

Overall, we can conclude that the relationship between education and health behavior can partly be ex-
plained by occupational demands. Especially, ergonomic, environmental and social demands are important
occupational demands that mediate the education-health behavior-relationship. We find no evidence for

occupational demands to explain the relationship between education and subjective health status.

6 Conclusion

The aim of the paper is to analyze potential mediating effects of ergonomic, environmental, psychical, social

and time occupational demands in the relationship between education on the one hand, and subjective

23 One exception is “upper secondary general” education where estimates reduce up to 40% (social demands), though not signifi-
cantly.
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health and health behavior on the other. Our first contribution is that we focus on the role of five specific
occupational demands: ergonomic, environmental, psychical, social and time demands, whereas most stud-
ies include either occupational dummies or only differentiate between physical and psychosocial demands.
Our second contribution is that we do not solely look into the mediating role of occupational demands
between education and subjective health, but also into the mediating role of occupational demands in the
relationship between education and health behavior. In this context, we analyze BMI and smoking status.
Our third contribution is that we extend the analyses by focusing on a broad sample. We include the whole
working population (instead of a subgroup of for example high educated workers) and additionally include
people who no longer actively participate in the labor market. Thereby, we analyze whether people who
used to work in demanding occupations have a lower probability of still being employed, which could be

related to their health status as well.

We can summarize our main findings as follows. First, we find that the lower educated have on average
higher and hazardous ergonomic, environmental and social occupational demands compared to individuals
with a higher educational qualification. In opposite, higher educated individuals tend to suffer from higher
psychical demands more often. Time occupational demands are not significantly related to education at all.
Apart from time demands, the considered occupational demands also turn out to be significantly related to
the probability of being in bad health, to the probability to smoke and to BMI. On average, the relationships
between occupational demands and health (behavior) turn out to be even stronger for those individuals who
are no longer employed. This suggests that working in demanding occupations increases the probability of

leaving the active workforce.

Second, we find that occupational demands play a role in explaining the relationship between education and
health behavior, especially for low and intermediate educated individuals. Education coefficients on BMI
and smoking status significantly reduce up to 27% when all occupational demands are included. The rela-
tionship between education and BMI is partly explained by occupation-specific social demands, whereas the
relationship between education and smoking status is partly explained by social, ergonomic and environ-
mental demands. We do not find evidence that the considered occupational demands explain the relation-
ship between education and bad health. This is in contrast to previous studies which focused on the working
population (Niedhammer et al. 2008) or high-school graduates (Warren et al. 2004) only. They found that
socio-economic differences in subjective health status were reduced to a greater extent when controlling for

physical work factors.

Our study shows that it is important to take the entire working population and even the no longer employed
into account, when analyzing the mediating factors of the relationship between education and health. More-
over, our study reveals research opportunities for analyzing the role of occupational demands in explaining

the outflow of (older) workers out of the active labor market into early-retirement and long-term sickness.
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This is an important issue also for policy makers in the context of raising the retitement age in most Euro-

pean countries.
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Table 1: results from the random intercept model for generating occupational demand indices

@ @ (&) @ ©)
ergonomic environment psychical social time
, female 0.0448+* -0.0610* 0.209#+* 0.170%+* -0.223#**
g 0.0142) (0.0255) 0.0392) (0.0198) 0.0237)
§ age group dummies Yes Yes Yes Yes Yes
dummies for working hours ~ Yes Yes Yes Yes Yes
» & KldB_2-digit 0.387 0.394 0.0223 0.105 0.131
Tt: é KldB_3-digit 0.0977 0.0562 0.0138 0.0304 0.0890
£ £ KldB_4-digit 0.0828 0.0644 0.0239 0.0186 0.0764
= 8 chi2 42.15 256.5 1410.8 155.7 3696.1
¢ var KIdB_2-digit 0.447 1.321 0.0995 0.129 0.263
§ var KldB_3-digit 0.113 0.189 0.0616 0.0372 0.179
§ var KIdB_4-digit 0.0954 0.216 0.107 0.0228 0.154
var residual 0.498 1.629 4.185 1.037 1.415
LL -20951.1 -31947.7 -40357.3 -27316.7 -30541.4
N 18793 18793 18794 18791 18794

Note: all columns refer to equation 1; age dummies: 25-30, 31-35, 36-40,..., 61-65; dummies for working hours: 10-20, 21-30,31-40,
41-50, >50; standard etrors in parantheses, ¥p<0.05 **p<0.01 ***p<0.001 Source :Employment Survey 2006

Table 2: OLS-results of educational levels on health outcomes

M @ B)
bad health BMI smoker
primary 0.0650%F*  2.648%+* 0.244%*
(0.00677) 0.211) 0.0182)
lower secondary gen 0.0418%k*  2.276%+* 0.307%%*
(0.00529) 0.132) 0.0111)
lower secondary voc 0.02471%F%  1.660%+* 0.223%%*
(0.00442) 0.109) 0.0110)
g intermediate secondary gen 0.0173** 1527 0.244x%%
§ (0.00515) (0.142) 0.0145)
g intermediate secondary voc 0.0108%* 1.079%+¢ 0.153%%*
(0.00400) (0.118) (0.0105)
upper secondary gen -0.00501 0.370#** 0.0962%**
(0.00586) (0.0957) (0.0125)
upper secondary voc 0.00815 0.668*** 0.0840**
(0.00418) (0.0898) 0.00784)
tertiary 0 0 0
F (all education levels) 30.73*+* 62,074+ 137145
adj. R? 0.010 0.108 0.075
# clusters 86 86 86

N 292,352 264,634 288,898

Note:: all columns refer to equation 2; gender, age, (age/10)2, marital status, West-Germany

and working hours/week as covariates are included in all models; "tertiary" is reference for
education dummies; clustered standard errors (occupation KldB 2-digit) in parantheses;
*p<0.05 ¥*p<0.01 ***p<0.001; Source : Microcensus 2009
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Table 3: OLS-results of educational levels on occupational demands

) @ B) @ 5)
ergonomic environm.  psychical social time
primary 1.485%+* 1.334%%* -1.207%66 1.627H 0.156
(0.196) (0.130) (0.241) (0.298) (0.209)
lower secondary gen 1.338%+* 1.259%** -1150%0k 1.485%4 0.164
0.197) 0.138) (0.208) (0.252) (0.198)
lower secondary voc 1.035%+* 1.057%+* -0.880%FF  (0.926%** 0.0829
0.197) 0.159) (0.151) 0.178) 0.177)
§ intermediate secondary gen (.778** 0.804# -0.872%F% (0,966 0.0159
§ 0.230) 0.163) (0.155) 0.219) 0.197)
T intermediate secondary voc 0.596** 0.659%* -0.622%¢k  ().584% -0.00299
(0.200) 0.155) (0.123) (0.144) 0.218)
upper secondary gen 0.363* 0.326* -0.559%FF  (0.473%* 0.0580
0.171) (0.125) (0.119) (0.149) (0.189)
upper secondary voc 0.272 0.324* -0.377HKk - 0.297F* -0.0822
0.177) 0.119) (0.0993) (0.105) (0.225)
tertiary 0 0 0 0 0
F (all education levels) 12.82%+* 17.06%** 7.18%%¢ 8.01¢k 1.37
adj. R? 0.204 0.342 0.348 0.258 0.223
# of Clusters 86 86 86 86 86

N 358,368 358,368 358,368 358,368 358,368

Note: all columns refer to equation 3; gendet, age, (age/10)2, marital status, West-Germany and working hours/week
are induded as covariatesin all models; " tertiary" is reference for eduation dummies; dustered standard errors
(ocaupation K1dB 2-digit) in parantheses, *p<0.05 **p<0.01 ***p<0.001; Source: Microcensus 2009 and Employment
Survey 2006
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Table 4: OLS-results of occupational demands on bad health

M @ ® @ B) ©)
bad health bad health bad health bad health bad health bad health
ergonomic demands 0.00672%+* 0.00424
2 (0.00161) (0.00307)
:% environmental demands 0.00621#+* -0.00212
g (0.00165) (0.00289)
= psychical demands ~0.00572% 0.00263
k5 (0.00225) (0.00254)
§ social demands 0.0108¢* 0.0103%k*
g (0.00200) (0.00190)
time demands 0.000948 -0.000754

(0.00214)  (0.00247)

# years since last occupation 0.00325%F*  0.00356**F  0.00357+%  0.00325%*  0.00406***  0.00466***

(0 if in actual occupation) (0.000422)  (0.000344)  (0.000545)  (0.000520)  (0.000625)  (0.000479)
ergonomic x # of years 0.00116%* -0.00201*
(0.000473) (0.000669)
environmental x # of years 0.00278#+ 0003597+

2 (0.000325) (0.000683)
% psychical x # of years -0.000467 -0.00206**
i (0.000566) (0.000676)
€ social x # of years 0.000200 -0.00113*
(0.000355) (0.000457)

time x # of years 0.00199%%  0,00177%*
(0.000511)  (0.000586)

F (demand, interaction) 13.75% 14090  384* 20558 826w
F (all demands) 12,0248
adj. R? 0.010 0.011 0.009 0.010 0.010 0.012
# clusters 86 86 86 86 86 86

N 292,747 292,747 292,747 292,747 292,747 292,747

Note: all columns refer to equation 4; gender, age, (age/10)2, marital status, West-Germany and working hours/weck as covariates are included
in all models; "tertiary" is reference for education dummies; clustered standard etrors (occupation KIdB 2-digit) in parantheses; *p<0.05
*##p<0.01 #*¥p<0.001; Source : Microcensus 2009 and Employment Survey 2006
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Table 5: OLS-results of occupational demands on BMI

(0 () (©) @ ®) ©)
BMI BMI BMI BMI BMI BMI
ergonomic demands 0.381%+* 0.0736
- (0.0686) (0.0920)
2 environmental demands 04345 0.118
g (0.0634) (0.0884)
% psychical demands ~0.402%% 0.142
RS (0.0811) (0.0821)
£.social demands 0.501%k* 0.321%%¢
g (0.0644) 0.0715)
time demands 0.113 0.0486
(0.0993) (0.0682)
# years since last occupation 0.0245%F< 002350  0.0384%k  0.0187%  0.0321%k  (0,0183%*
(0 if in actual occupation) 0.00440)  (0.00411)  (0.00636)  (0.00440)  (0.00575)  (0.00573)
ergonomic x # of years 0.0146** 0.0124
(0.00466) (0.00797)
environmental x # of years 0.00857 -0.00134
2 (0.00465) (0.00583)
% psychical x # of years -0.0202%* -0.0102
i 0.00708) (0.00650)
€ social x # of years 0.0142% 0.00949*
(0.00596) (0.00425)
time x # of years 0.00469 -0.00644
0.00660)  (0.00599)
F (demand, interaction) 1550%%  2569%xk  1280% 33310k (.77
F (all demands) 20.4745F
adj. R? 0.094 0.094 0.093 0.099 0.086 0.102
# clusters 86 86 86 86 86 86
N 264,965 264,965 264,965 264,965 264,965 264,965

Note: all columns refer to equation 4; gender, age, (age/10)2, marital status, West-Germany and working hours/weck as covariates are included

in all models; "tertiary" is reference for education dummies; clustered standard etrors (occupation KIdB 2-digit) in parantheses; *p<0.05
*##p<0.01 #*¥p<0.001; Source : Microcensus 2009 and Employment Survey 2006
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Table 6: OLS-results of occupational demands on smoking status

M @ B) @ B) ©)
smoker smoker smoker smoker smoker smoker
ergonomic demands 0.0588*** 0.0145
" (0.00828) (0.0104)
:% environmental demands 0.0653%** 0.0274%*
g (0.00760) (0.0105)
:; psychical demands -0.0593%** -0.0289%*
_§ (0.00854) (0.00919)
§ social demands 0.0629%** 0.0248**
g (0.00786) (0.00877)
time demands 0.0168 0.00564
(0.0121) (0.00882)
# years since last occupation 0.00163* 0.00105* 0.00338*#¢  0.00202*¢  0.00254**F*F  0.00277+%*
(0 if in actual occupation) (0.000654)  (0.000426)  (0.000686)  (0.000747)  (0.000616)  (0.000517)
ergonomic x # of years -0.000807 -0.00108
(0.000504) (0.000556)
environmental x # of years 0.000128 0.00131*
& (0.000377) (0.000504)
% psychical x # of years 0.00165%* -0.0000653
g (0.000506) (0.000538)
€ social x # of years -0.002024F* -0.00166**
(0.000461) (0.000515)
time x # of years 0.00125**  0.00100*
(0.000470)  (0.000466)
F (demand, interaction) 40.38** 62.55%%F 25.39%kk 34.50%¢¢ 7.08%*
F (all demands) 2677k
adj. R? 0.056 0.057 0.053 0.056 0.043 0.064
# clusters 86 86 86 86 86 86
N 289,288 289,288 289,288 289,288 289,288 289,288

Note: all columns refer to equation 4; gender, age, (age/10)2, marital status, West-Germany and working hours/weck as covariates are included

in all models; "tertiary" is reference for education dummies; clustered standard etrors (occupation KIdB 2-digit) in parantheses; *p<0.05
*##p<0.01 #*¥p<0.001; Source : Microcensus 2009 and Employment Survey 2006

26



Table 7: OLS-Results of mediating role of occupational demands on bad health

) ) 3 @ ) © ™
bad health bad health bad health bad health bad health bad health bad health
primary 0.0650%%*  0.0580%FF  0.0544*%*  0.0631*F  0.0537F  0.0628%FF  0.0494%*+*
0.00677)  (0.00763)  (0.00671)  (0.00721)  (0.00730)  (0.00649)  (0.00704)
lower secondary gen 0.0418*%+*  0.0354%F  0.0327F  0.0401%FF  0.0313F*  0.0398%FF  0.0294***
0.00529)  (0.00556)  (0.00515)  (0.00500)  (0.00495)  (0.00494)  (0.00457)
lower secondary voc 0.0241*%  0.0205%FF  0.0198%*  0.0230%  0.0179*  0.0237+¥F  0.0178*%+*
0.00442)  (0.00416)  (0.00454)  (0.00376)  (0.00401)  (0.00446)  (0.00367)
'§ intermediate secondary gen 0.0173** 0.0156%* 0.0151** 0.0164** 0.0105* 0.0181*++  0.0120*
5 000515 (0.00473)  (0.00489)  (0.00513)  (0.00487)  (0.00482)  (0.00469)
" intermediate secondary voc  0.0108** 0.00942* 0.00907* 0.0102%* 0.00695 0.0109%* 0.00793*
0.00400)  (0.00385)  (0.00405)  (0.00369)  (0.00356)  (0.00398)  (0.00349)
upper secondary gen -0.00501 -0.00574 -0.00600 -0.00551 -0.00825 -0.00539 -0.00780
0.00586)  (0.00586)  (0.00580)  (0.00546)  (0.00541)  (0.00594)  (0.00550)
upper secondary voc 0.00815 0.00758 0.00697 0.00780 0.00621 0.00813 0.00634
0.00418)  (0.00407)  (0.00415)  (0.00409)  (0.00374)  (0.00411)  (0.00359)
tertiary 0 0 0 0 0 0 0
ergonomic demands 0.00243 0.00300
. (0.00151) (0.00308)
g environmental demands 0.00175 -0.00371
g 0.00158) 0.00306)
= psychical demands -0.000776 0.00415
5 (0.00209) (0.00248)
§4 social demands 0.00659** 0.00860%**
g 0.00202) (0.00185)
time demands 0.000290 -0.000411
0.00193)  (0.00239)
# years since last occupation 0.00317*%  0.00303***  0.00339*  0.00318*F  0.00308*F*  0.00374*F*  (0.00447+<*
(0 if in actual occupation) (0.000489)  (0.000408)  (0.000344)  (0.000514)  (0.000494)  (0.000606)  (0.000474)
ergonomic x # of years 0.00114* -0.00197**
(0.000463) (0.000664)
environmental x # of years 0.00274*** 0.00354***
g (0.000328) (0.000666)
‘£ psychical x # of years 20000412 -0.00199%
i (0.000534) 0.000669)
€ social x # of years 0.000173 -0.00116*
0.000348) (0.000452)
time x # of years 0.00192%F*  0.00176**
(0.000494)  (0.000581)
F (all education levels) 30.73%F 24,1 8*xk 19.27#%¢ 29.38%k* 13.16%+¢ 32.30%** 15.92%+¢
F (demand, interaction) 4.84* 50.14#¢* 0.42 10.61** 0.02
F (all demands) 7.91%F*
adj. R? 0.010 0.011 0.012 0.010 0.011 0.011 0.013
# clusters 86 86 86 86 86 86 86
N 292352 292352 292352 292352 292352 292352 292352

Note: column (1) refers to equation 2, columns (2)-(7) to equation 5; gender, age, (age/10)2, marital status, West-Germany and working hours/week as covariates

are included in all models; "tertiary" is reference for education dummies; clustered standard errors (occupation KIdB 2-digit) in parantheses; *p<0.05 *p<0.01

*#4p<0.001; Sonrce: Microcensus 2009 and Employment Survey 2006
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Table 8: OLS-Results of mediating role of occupational demands on BMI

) @ B @ 6) ©) ™
BMI BMI BMI BMI BMI BMI BMI
primary 2,648+ 241 2% 2.419%x% 24467+ 217445 2.634x+% 2.131%%
0.211) 0.182) 0.204) (0.155) 0.175) 0.228) 0.163)
lower secondary gen 2.276%+* 2.061%%* 2.063%+* 2.082%F* 1.832:4F% 2.261%% 1.793%F*
0.132) 0.155) 0.128) 0.117) 0.127) (0.140) 0.132)
lower secondary voc 1.660%** 1.516%** 1.495%+* 1.526%+¢ 1.41445% 1.653%+¢ 1.387F*
(0.109) 0.143) 0.115) (0.108) 0.120) 0.114) 0.121)
,§ intermediate secondary gen 1.527%%* 1.437%k* 1.401 % 1.398%+¢ 1.255%F* 1.526%+¢ 1.248%F*
§ (0.142) 0.142) (0.138) 0.122) (0.134) (0.143) 0.129)
T intermediate secondary voc  1.079%k* 1.006%+* 0.979#+* 0.995%+* 0.929#+* 1.079%+* 0.923%+*
(0.118) 0.129) (0.118) 0.113) (0.120) (0.118) 0.118)
upper secondary gen 0.370%+* 0.325%* 0.319%* 0.295%* 0.240%* 0.362%+ 0.231*
0.0957) 0.105) (0.100) 0.0964) 0.105) 0.101) 0.100)
upper secondary voc 0.668*+* 0.636%** 0.618%+* 0.617%F* 0.592%#¢ 0.674%* 0.594#+¢
(0.0898) 0.103) (0.0988) 0.0919) 0.103) 0.0978) 0.110)
tertiary 0 0 0 0 0 0 0
ergonomic demands 0.122 0.0144
” 0.0657) (0.0862)
g environmental demands 0.146** -0.0195
_§ (0.0496) 0.0712)
E psychical demands -0.123 -0.0201
2 0.0661) (0.0556)
£.social demands 0,255 0,247
g (0.0593) (0.0649)
time demands 0.0816 0.0757

0.0702)  (0.0615)

# years since last occupation 0.0150%**  (0.0125%* 0.0142¢  0.0181*FF  0.00793%  0.0150%*¢  0.00642

(0 if in actual occupation) (0.00358) 0.00424) (0.00302) 0.00402) (0.00242) (0.00333) (0.00437)
ergonomic x # of years 0.0176%+* 0.0153*
(0.00465) (0.00713)
environmental x # of years 0.0104** -0.000960
& (0.00379) (0.00511)
'% psychical x # of years -0.0213%+* -0.00826
g 0.00609) (0.00600)
€ social x # of years 0.0174** 0.00952*
(0.00563) (0.00411)
time x # of years 0.00199 -0.00845

(0.00504)  (0.00541)

F (all education levels) 62.07*+* 49.85%*¢ 58.84#+* 66.08*** 52.32%k% 57.16%** 54.79%F*

F (demand, interaction) 347 6.70% 6,24 9.92%kx 0.67
F (all demands) 4,694+
adj. R 0.108 0.109 0.109 0.109 0.112 0.108 0.112
# clusters 86 86 86 86 86 86 86

N 264,634 264,634 264,634 264,634 264,634 264,634 264,634

Note: column (1) refers to equation 2, columns (2)-(7) to equation 5; gender, age, (age/10)2, marital status, West-Germany and working hours/week as covariates
are included in all models; "tertiary" is reference for education dummies; clustered standard errors (occupation KIdB 2-digit) in parantheses; *p<0.05 *p<0.01

*#4p<0.001; Sonrce: Microcensus 2009 and Employment Survey 2006
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Table 9: OLS-Results of mediating role of occupational demands on smoking status

o @ ©)] @ ®) ©) ™

smoker smoker smoker smoker smoker smoker smoker
primary 0.244%+% 0.204#%¢ 0.203%* 0.21 8%k 0.2071%#* 0.24 1 %% 0.179%%*
0.0182) 0.0193) 0.0183) 0.0182) 0.0195) 0.0180) 0.0174)
lower secondary gen 0.307#¢k 0.27 k¢ 0.268%¢* 0.28 2%k 0.268*+* 0.304++* 0.247%%%
0.0111) 0.0124) 0.0109) 0.0104) 0.0123) 0.0110) 0.00999)
lower secondary voc 0.223%¢k 0.196%+* 0.192%%¢k 0.203 %k 0.197%%% 0.2224%F 0.178*+*

001100  (0.00962)  (0.00884)  (0.00927)  (0.0103)  (0.0107)  (0.00790)
intermediate secondary gen 0.244%%  (221%6 02100k (0223 (0214%k (244w (2026

0.0145)  (0.0140)  (00129)  (0.0124)  (0.0128)  (0.0132)  (0.0104)
intermediate secondary voc 01530 (137 01330k (138 (13GFk (1530 (.124%k

(0.0105)  (0.00844)  (0.00784)  (0.00864)  (0.00868)  (0.00984)  (0.00658)

education

upper secondary gen 0.0962%6  0.0859%  0,0863%  00828%kF  0.0819%  0,0950%k%  0,0740%%k
00125 (00125 (00118  (0.0129)  (0.0114)  (0.0122)  (0.0128)
upper secondary voc 0.0840%6%  0.0767%%  0.0744%  00751%6 007519 0,0850%%F 00694+
(0.00784)  (0.00697)  (0.00689)  (0.00719)  (0.00702)  (0.00789)  (0.00694)
tertiary 0 0 0 0 0 0 0
ergonomic demands 0.0268*** 0.00806
" (0.00441) (0.00740)
2 environmental demands 0.0293%5 0.00916
g (0.00499) (0.00712)
= psychical demands -0.0228 -0.0123*
5 (0.00431) (0.00617)
£ social demands 0.0295%5+ 0.0160
g (0.00563) (0.00823)
time demands 0.0126 0.00861

0.00746)  (0.00725)

# years since last occupation 0.000193 0.000151 -0.0000463  0.000808 0.000543 0.000418 0.00126**

(0 if in actual occupation) (0.000360)  (0.000422)  (0.000306)  (0.000488)  (0.000524)  (0.000383)  (0.000414)
ergonomic x # of years -0.000306 -0.000716
0.000361) (0.0005006)
environmental x # of years 0.000547 0.00150%%*
& (0.000281) (0.000405)
'% psychical x # of years 0.00137#** 0.0000805
g (0.000362) (0.000507)
€ social x # of years -0.00150%%* -0.00168*+*
(0.000399) (0.000474)
time x # of years 0.000980*+* 0.000733

(0.000275)  (0.000381)

F (all education levels) 137.14%  96.15%¢* 108.21%0F  137.79%kx  81.67+FF 134.60%F 13077+

F (demand, interaction) 185406 243400 148GRk 143GRek 10205k
F (all demands) 15,4975
adj. R? 0.075 0.078 0.078 0.077 0.078 0.076 0.080
# clusters 86 86 86 86 86 86 86

N 288,898 288,898 288,898 288,898 288,898 288,898 288,898
Note: column (1) refers to equation 2, columns (2)-(7) to equation 5; gender, age, (age/10)2, marital status, West-Germany and working hours/week as covariates
are included in all models; "tertiary" is reference for education dummies; clustered standard errors (occupation KIdB 2-digit) in parantheses; *p<0.05 *¥p<0.01
*##4p<0.001; Sonrce: Microcensus 2009 and Employment Survey 2006
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7 Appendix

Table Al: summary statistics of analyzed samples

Employment Microcensus
Survey 2006 2009
Variables mean (sd) mean (sd)
female [0;1] 0.4844 0.4983
age 42.1336 (9.44) 45.4929 (10.91)
# working hours 39.3714 (13.17) 36.6014" (10.06)
married [0;1] 0.5471 0.6326
West-Germany [0;1] 0.8106 0.7915
education primary 0.0054 0.0237
(casmin) lower secondary gen 0.0266 0.0696
lower secondary voc 0.2016 0.2584
intermediate secondary gen 0.0170 0.0238
intermediate secondary voc 0.3164 0.3235
upper secondary gen 0.0189 0.0211
upper secondary voc 0.1197 0.0988
tertiary 0.2944 0.1812
main occupation forestry, agriculture 0.0175 0.0249
(K1dB 1992) mining 0.0008 0.0016
manufacturing 0.1854 0.2107
engineering 0.0818 0.0634
services 0.7110 0.6884
others 0.0035 0.0109
bad health [0;1] 0.0952° 0.1274
BMI na. 25.6636 (4.45)
smoker [0;1] na. 0.3165
N 18,797 359,587

Note: a: bad health is surveyed via self-rated health in the Employment Survey 2006; b: No. of
working hours for aurrently employed people; Source: Employment Survey 2006 and Microcensus

2009
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Table A2: summary statistics of occupational demand items

working sometimes between 11pm an 5am

classification Ttems Mean (SD)
cf. Kroll 2011
ergonomic working in a standing position 0.5097 (0.4999)
demands working while sitting 0.1115 (0.3147)
lift and carry heavy charges 0.1979 (0.3984)
working in forced positions 0.1214 (0.3266)
¢ environmental working in dust, gas, fumes 0.1172 (0.3216)
§ demands working in cold, heat, wet conditions 0.1808 (0.3848)
§ working in ditt, oil, grease 0.1442(0.3514)
E\ working with vibrations 0.0382 (0.1917)
= working with glaring/ faint light 0.0871 (0.282)
working with dangerous substanaes 0.0049 (0.2464)
wearing protectiondothes while work 0.1814 (0.3853)
working with noise 0.2103 (0.4076)
working while others smoke 0.1532 (0.3602)
psychial deadline pressute/ pressure to perform 0.5656 (0.4957)
demands getting new tasks and become acquainted with it 0.4279 (0.4948)
trying new or improving procedures 0.3056 (0.4607)
being interrupted, disturbed while working 0.4976 (0.5001)
minimum output or time is presaibed 0.3031 (0.4596)
doing unlearned tasks 0.0931 (0.2905)
doing or observing different tasks simultaneously 0.6302 (0.4828)
minor mistakes have major finanal consequences  0.1571 (0.3639)
going to the limits of own performance/abilities ~ 0.1718 (0.3772)
working very fast 0.4389 (0.4962)
§ sodal feeling as a part of community 0.0305 (0.172)
_§ demands good woperation with colleagues 0.0059 (0.0767)
§ being supported by clleagues 0.0177 (0.1319)
E’ being supported by direct supetior 0.0546 (0.2272)
é arranging work on own schedule 0.0591 (0.2358)
having influence on amount of work 0.2380 (0.4259)
taking breaks autonomously 0.1832 (0.3868)
feeling that own work is important 0.1461 (0.1200)
not being on notiee of changes, dedsions 0.1426 (0.35)
receiving few information about own work 0.0866 (0.2813)
time working in shifts 0.2261 (0.4183)
demands working on call 0.1999 (0.3999)
working sometimes on saturdays 0.6824 (0.4655)
working sometimes on sundays and holidays 0.4426 (0.4967)

0.2301 (0.4209)

Source: Employment Survey 2006
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Figure Al: occupational demands by educational level
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Figure A2: bad health and occupational demands

Share of Badhealth

Share of Badhealth

Note: average share of reporting bad health by occupational demands over occupational group, Source: Microcensus 2009 and Employment Survey 2006
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Figure A3: BMI and occupational demands
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Figure A4: smoking status and occupational demands
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Table A3: Change in education estimates on bad health after including demands (cf. Table 7; Figure A5)

bad health % change in education coefficients
education/ demands ergonomic environm. psychical social time all demands
primary -10.77 -16.31 -2.92 -17.38 -3.38 -24.00%*
0.92) (1.58) 0.26) (1.55) 0.34) (2.22)
lower secondary gen -15.31 -21.77 -4.07 -25.12% -4.78 29.67*
(1.15) 1.77) 0.34) (2.12) (0.40) (2.71)
lower secondary voc -14.94 -17.84 -4.56 -25.73 -1.66 -26.14
0.87) 0.95) 0.29) (1.55) 0.09) (1.72)
intermediate sec. gen -9.83 -12.72 -5.20 -39.31 4.62 -30.64
(0.36) 0.45) 0.18) (1.40) (-0.17) (1.13)
intermediate sec. voc -12.78 -16.02 -5.56 -35.65 0.93 -26.57
(0.36) 0.43) 0.16) (1.08) (-0.03) 0.82)
upper secondary gen 14.57 19.76 9.98 64.67 7.58 55.69
0.12) 0.17) 0.09) (0.60) 0.06) 0.51)
upper secondary voc -6.99 -14.48 -4.29 -23.80 -0.25 -22.21
(0.14) 0.28) 0.09) 0.52) 0.01) (0.50)
tertiary ref. ref. ref. ref. ref. ref.

Note : t-values in parentheses, *p<0.05; Sonrce: Microcensus 2009 and Employment Survey 2006

Table A4: Change in education estimates on BMI after including demands (cf. Table 8; Figure A6)

BMI % change in education coefficients
education/demands ergonomic environm. psychical social time all demands
primary -8.91 -8.65 -7.63 -17.90* -0.53 -19.52*
(1.30) (1.12) (1.30) (2.71) 0.06) (3.17)
lower secondary gen -9.45 -9.36 -8.52 -19.51* -0.66 -21.22%
(1.39) (1.66) (1.66) (3.50) 0.10) (3.66)
lower secondary voc -8.67 -9.94 -8.07 -14.82% -0.42 -16.45%
(1.01) (1.43) (1.24) (2.05) 0.06) (2.26)
intermediate sec. gen -6.29 -8.25 -8.45 -17.81* -0.07 -18.27*
(0.68) 0.91) (1.06) (2.03) 0.01) (2.16)
intermediate sec. voc -6.77 -9.27 =778 -13.90 0.00 -14.46
0.57) (0.85) 0.74) (1.25) 0.00 (1.32)
upper secondary gen -12.16 -13.78 -20.27 -35.14 -2.16 -37.57
0.43) 0.51 0.78) (1.24) (0.08) (1.31)
upper secondary voc -4.79 -7.49 -7.63 -11.38 0.90 -11.08
0.31) 0.51) 0.55) 0.74) (-0.06) 0.67)
tertiary ref. ref. ref. ref. ref. ref.

Note : t-values in parentheses, *p<0.05; Source: Microcensus 2009 and Employment Survey 2006
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Table A5: Change in education estimates on smoking after including demands (cf. Table 9; Figure A7)

smoker % change in education coefficients
education/demands ergonomic environm. psychical social time all demands
primary -16.39* -16.80* -10.66 -17.62% -1.23 -26.64*
(2.07) (2.24) (1.43) (2.21) 0.17) (3.74)
lower secondary gen -11.73* -12.70* -8.143* -12.70* -0.98 -19.54*
(2.90) (3.58) (2.40) (3.17) 0.27) (6.01)
lower secondary voc -12.11* -13.90* -8.97* -11.66* -0.45 -20.18*
(2.81) (3.51) (2.16) (2.52) 0.09) (5.70)
intermediate sec. gen -9.43 -10.25 -8.61 -12.30* 0.00 -17.21%
(1.64) (1.94) (1.69) (2.34) 0.00 (4.04)
intermediate sec. voc -10.46 -13.07 -9.80 -11.11 0.00 -18.95%
(1.90) (2.55) 1.74) (1.96) 0.00 (4.41)
upper secondary gen -10.71 -10.29 -13.93 -14.86 -1.25 -23.08
(0.82) 0.84) (1.04) (1.25) (0.10) (1.73)
upper secondary voc -8.69 -11.43 -10.60 -10.60 1.19 -17.38*
(1.05) (1.39) (1.24) (1.27) (-0.13) (2.10)
tertiary ref. ref. ref. ref. ref. ref.

Note : t-values in parentheses, *p<0.05; Source: Microcensus 2009 and Employment Survey 2006
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Figure A5: change in education estimates on bad health after including occupational demands (cf. Table 7; Table A3)
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Figure A6: change in education estimates on BMI after including occupational demands (cf. Table 8; Table A4)
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Figure A7: change in education estimates on smoking status after including occupational demands (cf. Table 9; Table A5)
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