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Abstract

Objective We investigated the contribution of physical and psychosocial work factors to social inequalities in self-rated
health (SRH) in a sample of Danish 40 and 50 years old occupationally active women and men.

Methods In this longitudinal study, the study population consisted of 3338 Danish women and men. Data were collected by
postal questionnaires in 2000 (baseline) and 2006 (follow-up). The independent variable, socioeconomic position (SEP), was
assessed by the highest achieved educational level at baseline. We conducted gender-stratified parallel multiple mediation
analyses. In the mediation analyses, SEP was categorised as SEP I, II, III, VI and V among men. Among women, SEP was
dichotomised into SEP I-IV and V. The outcome, SRH, was assessed at baseline and follow-up. A wide range of physical
and psychosocial work factors were included as potential mediators.

Results We found a social gradient in SRH across all levels of SEP among men. Among women, we only found a poorer
SRH among those with the lowest SEP. Mediation analyses showed that work factors together accounted for 56% of the
social inequalities in SRH among men and 44% among women. In both genders, ergonomic exposures and job insecurity
seemed to play the major role for social inequalities in SRH. For women only, we also found noise to contribute to the social
inequalities in SRH.

Conclusion Physical and psychosocial work factors partially explained social inequalities in SRH among both genders.
Improvement of the working environment can potentially contribute to the reduction of social inequalities in health.

Keywords Self-assessed health - Physical working conditions - Psychosocial working conditions - Social class

Introduction been studied in regards to a wide range of health outcomes

including self-rated health (SRH) (Baldi et al. 2013; Cock-

Social inequalities in health have been widely documented,
for example, in terms of higher morbidity and mortal-
ity among individuals with lower socioeconomic posi-
tion (SEP) compared with individuals with higher SEP
(Lahelma et al. 2015; Mackenbach et al. 2008; Marmot and
Bell 2016). Moreover, even though morbidity and mortality
have been decreasing for several years, social inequalities
in health persist and may even have widened (Diderichsen
et al. 2012; Mortensen et al. 2016). Social inequalities have
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erham 2017; Torsheim et al. 2018). SRH has been shown
to be a good predictor of subsequent mortality in numerous
studies across different countries and populations (Idler and
Benyamini 1997; Jylhd 2009; Mossey and Shapiro 1982). In
recent years, several studies have found that SRH is also a
good predictor of objective health outcomes such as cardio-
vascular diseases and sickness absence (Roelen et al. 2018;
Veromaa et al. 2017; Wu et al. 2013).

Research on health inequalities has attempted to iden-
tify mechanisms that explain the effects of SEP on adverse
health outcomes (Aartsen et al. 2017; Borg and Kristensen
2000; Marmot et al. 2008). One mechanism may be dif-
ferential exposure to risk factors for disease (Diderichsen
et al. 2001). For example, many adverse work factors tend
to cluster among individuals with lower SEP (Bauer et al.
2009; Borg and Kristensen 2000; Borrell et al. 2004; Ferrie
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2003; Himmig et al. 2014; Himmig and Bauer 2013; Mus-
tard et al. 2003; Niedhammer et al. 2008). Therefore, such
work factors may contribute to social inequalities in health.

Previous studies have found that physical work factors
partly explain social inequalities in SRH (Bauer et al. 2009;
Borg and Kristensen 2000; Borrell et al. 2004; Himmig
et al. 2014; Himmig and Bauer 2013; Niedhammer et al.
2008). In contrast, studies examining the contribution of
psychosocial work factors to social inequalities in SRH
have produced mixed results (Bauer et al. 2009; Borg and
Kristensen 2000; Himmig and Bauer 2013). Six of the pre-
vious studies were conducted in representative samples of a
working population (Bauer et al. 2009; Borg and Kristensen
2000; Borrell et al. 2004; Himmig et al. 2014; Mustard et al.
2003; Niedhammer et al. 2008) while only two studies were
conducted in middle-aged populations (Schmitz 2016; War-
ren et al. 2008).

Importantly, most studies have only examined one or few
dimensions of the working environment (Ferrie 2003; Mus-
tard et al. 2003) or they have been cross-sectional (Himmig
et al. 2014; Himmig and Bauer 2013; Niedhammer et al.
2008). Thus, only three studies have examined the contribu-
tion of a wide range of physical and psychosocial work fac-
tors to social inequalities in SRH using a longitudinal study
design (Borg and Kristensen 2000; Schmitz 2016; Warren
et al. 2008). A recent literature review concluded that about
one third of social inequalities in SRH could be explained by
work factors, but also that knowledge on the contribution of
specific work factors was limited (Dieker et al. 2019). This
gap in the literature hinders the implementation of targeted
interventions.

Taking these limitations of previous research into
account, the overall aim of this longitudinal study was to
investigate the contribution of physical and psychosocial
work factors to social inequalities in SRH during a 6-year
follow-up period in a sample of Danish 40 and 50 years old
occupationally active women and men.

Methods
Study sample

In this longitudinal study, we used data from the Danish
Longitudinal Study on Work, Unemployment, and Health.
This is a population-based study with a baseline postal sur-
vey carried out in 2000. The baseline survey was based on a
stratified random sample consisting of a group of individuals
aged 40 and 50 years by 1 October 1999 (response rate 69%,
n=7588). The sample was initially drawn from the ‘AKF
Longitudinal Register’, but is now kept by ‘VIVE—The
Danish Center for Social Science Research’ and contains
a representative sample of 10% of the Danish population
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aged 15 years or older by 1 January 1981. Non-participants
consisted of a significantly higher proportion of men, non-
native-born Danes, and persons with low educational attain-
ment (Christensen et al. 2004). A follow-up questionnaire
was sent by postal mail in 2006 to baseline participants who
were alive by 2006, still living in Denmark and who did not
refuse to participate in scientific research (n =6937). In total,
4893 (71%) filled in and returned the follow-up question-
naire. Among those who participated in both surveys, we
excluded those who did not report the duration of their main
education (missing: n=45; other: n=613; unknown: n=11),
and were missing on any of the main study variables (SEP,
SRH at baseline and follow-up, gender and age; n=2_87)
and work factors; n="799. The final study population con-
sisted of 3338 occupationally active participants represent-
ing various job groups. The largest job groups were skilled
workers: n =483, unskilled workers; n=457 and salaried
employees; n=2045. The rest constituted assisting spouses,
self-employed within agriculture, self-employed profession-
als (medical doctors, lawyers and accountants) and other
self-employed.

In our data, excluded individuals with missing values
on the main variables, were more likely to have a lower
SEP, poor SRH in 2000 and 2006, to report exposure to
ergonomic exposures, particle pollution, low variation, low
social support and job insecurity and less likely to report
emotional and quantitative demands compared with included
study participants. There were no significant differences in
age and gender between excluded and included individuals.

Self-rated health

SRH was assessed in 2000 (baseline) and 2006 (follow-up)
using a single question: "How do you assess your health in
general?" The response options were: "Excellent" (0), "Very
good" (1), "Good" (2), "Poor" (3) and "Very poor" (4). This
measure is frequently used to assess the general health of
an individual (Idler and Benyamini 1997; Jylhid 2009; Mos-
sey and Shapiro 1982), thus it does not refer specifically to
either physical or mental health. The variable was treated as
a continuous variable in the statistical analyses.

Socioeconomic position

SEP was assessed by the highest achieved educational level
in 2000 (baseline). Highest achieved educational level was
originally categorized on an 8-point scale and later com-
bined into five educational levels (SEP I-V): SEP I: "Long
theoretical training, >4 years (e.g., doctor, economist, high
school teacher, civil engineer)”; SEP II: "Theoretical train-
ing, 3—4 years (e.g., primary school teacher, nurse, journal-
ist, bachelor of engineering)”; SEP III: "Theoretical train-
ing, < 3 years (e.g., AP graduate in marketing management,
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AP graduate in Production Technology, catering manager)”’;
SEP IV: "Semi-skilled" and "Skilled workers (e.g., social-
and healthcare assistant, nursing assistant, technical assis-
tant)”; SEP V: "No vocational training". The participants
responding “other vocational training” and “do not know”
were excluded, because the duration of education in these
groups is unknown and the participants are likely to be het-
erogeneous in terms of their SEP.

Physical work factors

Physical work factors included 10 items assessed in 2000
(baseline). The 10 items were combined into two multiple-
item scales, ergonomic exposures (6 items, a=0.811) and
particle pollution (2 items, @ =0.596) and two single-item
scales: noise and indoor climate. Ergonomic exposures at
the workplace were assessed by six items regarding daily
exposures to (1) “Work in stooping posture”, (2) “Work in
which you have to twist your back™, (3) “Lift of more than
30kg”, (4) “Pull or push heavy burdens”, (5) “Repetition of
the same working procedures several times every hour”, and
(6) "Vibrations”. Exposure to particles was assessed by two
items measuring daily exposures to (1) “Dust and smoke”
and (2) “Tobacco smoke from others smoking”. Exposure to
noise was assessed by one item: “Are you exposed to noise in
your daily work?” Poor indoor climate was assessed by one
item: “Are you exposed to poor indoor climate in your daily
work?” Responses for all scales were given on a 4-point
Likert-scale ranging from "Never" (0) to "Always" (3). The
total score for each scale was calculated as the mean score
(i.e., total sum score divided by the number of items in the
scale). Respondents who answered to less than half of the
items in the scales were excluded.

Psychosocial work factors

Psychosocial work factors included 22 items assessed in
2000 (baseline). The 22 items were combined into five mul-
tiple-item scales: quantitative demands (2 items, a =0.664),
low skill discretion (3 items, @ =0.745), meaning of work (3
items, a=0.790), job insecurity (3 items, @=0.680) and dis-
crimination (5 items, a=0.641) and six single-item scales:
high work pace, emotional demands, social support from
colleagues, social support from supervisors, variation of
work and social community at work. All scales, except the
scale for discrimination, were derived from the Copenhagen
Psychosocial Questionnaire (COPSOQ-I) (Kristensen et al.
2005). COPSOQ is a validated tool to assess the psycho-
social working environment and has been widely used in
Danish and international research (Berthelsen et al. 2018;
Kristensen et al. 2005). Responses for discrimination were
given on a 6-point Likert-scale ranging from "Never" (0) to
"Almost every day" (5). Responses for job insecurity were

given on a 4-point Likert-scale ranging from "Not at all"
(0) to "Very much" (3). Responses for all other scales were
given at a 4-point Likert-scale ranging from "Never" (0) to
"Always" (3). The score was calculated in the same way as
for the physical work factors. Skill discretion, meaning of
work, social support from colleagues and supervisors, vari-
ation of work and social community at work were scored
with reversed scoring, i.e., a higher score equaled less skill
discretion, etc.

Statistical analyses

Chi-square tests were performed to examine the distribution
of SRH in 2000 (baseline) and 2006 (follow-up) by SEP. In
preliminary analyses, we explored the association between
five categories of SEP (at baseline) and SRH (at follow-
up) using a general linear regression model and adjusting
for age and baseline SRH (Fig. 1). These analyses revealed
a social gradient in SRH across all levels of SEP among
men, whereas for women there were only social inequalities
between the group of women with the lowest SEP compared
with the remaining four groups with higher SEP. Therefore,
in the main analyses, we used SEP as a continuous variable
for men, while we dichotomized the SEP variable for women
(SEP V vs. SEP I-1V). Furthermore, we used ANOVA-test
to compare the mean scores of physical and psychosocial
work factors by baseline SEP and linear regression analyses
to explore the association between work factors and SRH at
follow-up. Work factors significantly associated with both
SEP and SRH were included in the main analyses. Multicol-
linearity between these work factors was tested using Spear-
man’s rank order correlation.

To explore the contribution of work factors to social
inequalities in SRH, we applied a parallel multiple media-
tion analysis method, which allows for several mediators to
be tested at the same time (Preacher and Hayes 2008). We
estimated the direct effect (i.e., not through work factors),
indirect effect (i.e., through work factors) and total effect
(direct and indirect effect combined) of SEP on SRH (Hayes
2017). All work factors significantly associated with SEP
and SRH at follow-up were included in the model at the
same time. Furthermore, using this method we conducted
a series of pairwise comparison analyses, which allowed
us to investigate whether the indirect effect through the
specific work factors were statistically different from each
other. These analyses were conducted using the PROCESS
macro for SAS. Bootstrapping (5000 repetitions) were used
to calculate 95% confidence intervals (95% CI). All analyses
were adjusted for age and SRH at baseline. Furthermore, as
SEP was categorized differently among men and women,
and since SRH and some work factors have shown to vary
by gender (Bauer et al. 2009; De Sio et al. 2017; Mustard
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Fig. 1 Association between socioeconomic position (SEP) and self-
rated health (SRH). Beta values and 95% CI among men and women.
a Beta values and 95% CI for the association between SEP and SRH
among men. b Beta values and 95% CI for the association between

et al. 2003), we stratified all analyses by gender. We used a
statistical significance level of 5%.

Results

Among the physical work factors, poor indoor climate
among men and ergonomic exposures, noise and particle
pollution among both genders increased with lower SEP
(Tables 1 and 2). Among the psychosocial work factors, low
social support from colleagues and low meaning of work
among women, and low skill discretion and job insecurity
among both genders increased with lower SEP. In contrast,
social community at work among women, high work pace
among men and emotional and quantitative demands among
both genders increased with higher SEP. Testing the associa-
tion between work factors and SRH showed that ergonomic
exposures, noise, skill discretion, variation of work, job
insecurity, and discrimination were significantly associated
with poor SRH among both genders. Poor indoor climate,
particle pollution, high work pace and social support from
colleagues among men, and social support from supervisors
among women were significantly associated with poor SRH
(Tables 3 and 4).

We observed several significant correlations among the
work factors for both genders with most of these correlations
being weak (Tables 5 and 6). The strongest correlations were
between ergonomic exposures and noise (p =0.53) among
men and low skill discretion and low variation (p=0.51)
among women.

Tables 7 and 8 demonstrate the findings of the parallel
mediation analyses investigating the contribution of work
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SEP and SRH among women. Note: Reference group is SEP I
Higher scores for SRH equal poorer SRH. Analyses are adjusted for
age and SRH at baseline

factors to social inequalities in SRH. Among men, the total
effect of SEP was estimated to 0.064 (95% CI 0.035-0.092),
whereas the total indirect effects of the work factors col-
lectively are estimated to 0.036 (95% CI 0.020-0.053), i.e.,
56% of the total effect (Table 5). Thus, two cases that differ
by one unit in SEP are estimated to differ by 0.036 in SRH
score through work factors, with those from lower SEP hav-
ing higher SRH (i.e., worsening in SRH). Results for the
specific work factors were significant for ergonomic expo-
sures, 0.023 (95% CI 0.007-0.040), and job insecurity, 0.005
(95% CI10.001-0.009). Pairwise comparisons between these
work factors showed that the mediating effects of ergonomic
exposures were stronger than the mediating effect of job
insecurity (data not shown).

Among women, the total effect was estimated to 0.208
(95% CI 0.104-0.312), whereas the total indirect effects was
estimated to 0.092 (95% CI 0.047-0.137), i.e., 44% of the
total effect (Table 6). Results for the specific work factors
were significant for ergonomic exposures, 0.038 (95% CI
0.014-0.065), noise, 0.025 (95% CI 0.008-0.047), and job
insecurity, 0.018 (95% CI 0.001-0.038). Pairwise compari-
sons between these work factors were all insignificant, thus
they did not differ significantly in their contribution (data
not shown).

Discussion

We found a clear social gradient in SRH among men,
while there were only social inequalities in SRH between
women with the lowest SEP compared with the four
remaining groups of SEP among women. These findings
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Table 1 Distribution of age, self-rated-health (SRH) at baseline and follow-up and physical and psychosocial work factors at baseline by socio-
economic position (SEP) among men (n=1542)

Socioeconomic position (SEP)

Total V (lowest) v 11 11 I (highest) p?
n=1542 n=142 n=654 n=126 n=375 n=245
n (%) n (%) n (%) n (%) n (%) n (%)
Age at baseline
50 years 846 (54.86) 68 (47.89) 342 (52.29) 69 (54.76) 226 (60.27) 141 (57.55) 0.046
40 years 696 (45.14) 74 (52.11) 312 (47.71) 57 (45.24) 149 (39.73) 104 (42.45)
Self-rated health (baseline)
Excellent 234 (15.18) 20 (14.08) 86 (13.15) 17 (13.49) 58 (15.47) 53 (21.63) <0.001
Very good 685 (44.42) 39 (27.46) 276 (42.20) 58 (46.03) 186 (49.60) 126 (51.43)
Good 544 (35.28) 73 (51.41) 251 (38.38) 43 (34.13) 117 (31.20) 60 (24.49)
Fair 72 (4.67) 10 (7.04) 38 (5.81) 7 (5.58) 11 (2.93) 6 (2.45)
Poor 7(0.45) 0 (0.00) 3 (0.46) 1(0.79) 3 (0.80) 0 (0.00)
Self-rated health (follow-up)
Excellent 169 (10.96) 8 (5.63) 65 (9.94) 12 (9.52) 44 (11.73) 40 (16.33) <0.001
Very good 601 (38.98) 35 (24.65) 235 (35.93) 47 (37.39) 156 (41.60) 128 (52.24)
Good 593 (38.46) 76 (53.52) 266 (40.67) 52 (41.27) 135 (36.00) 64 (26.12)
Fair 155 (10.05) 19 (13.38) 79 (12.08) 13 (10.32) 33 (8.80) 11 (4.49)
Poor 24 (1.56) 4(2.82) 9 (1.38) 2 (1.59) 7(1.87) 2(0.82)
Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Physical work factors (baseline)
Ergonomic exposures 0.64 (0.60) 1.00 (0.60) 0.87 (0.62) 0.42 (0.45) 0.41 (0.48) 0.26 (0.35) <0.001
Noise 0.76 (0.81) 0.96 (0.78) 0.94 (0.84) 0.60 (0.73) 0.71 (0.79) 0.32 (0.61) <0.001
Poor indoor climate 0.76 (0.74) 0.72 (0.85) 0.82 (0.75) 0.64 (0.69) 0.76 (0.72) 0.64 (0.71) 0.007
Particle pollution 0.73 (0.68) 0.89 (0.73) 0.91 (0.69) 0.58 (0.57) 0.64 (0.66) 0.38 (0.49) <0.001
Psychosocial work factors (baseline)
High work pace 1.43 (0.71) 1.37 (0.68) 1.38 (0.71) 1.38 (0.73) 1.45 (0.73) 1.60 (0.67) 0.001
Skill discretion 0.78 (0.61) 0.99 (0.69) 0.88 (0.63) 0.73 (0.60) 0.68 (0.55) 0.58 (0.50) <0.001
Variation of work 0.82 (0.79) 1.17 (0.87) 0.93 (0.81) 0.83 (0.79) 0.62 (0.71) 0.63 (0.69) <0.001
Meaning of work 0.50 (0.56) 0.51 (0.64) 0.52 (0.61) 0.52 (0.54) 0.48 (0.51) 0.44 (0.45) 0.424
Social support from colleagues 1.53 (0.70) 1.52 (0.85) 1.57 (0.76) 1.53 (0.68) 1.48 (0.70) 1.49 (0.70) 0.387
Social support from supervisors 1.87 (0.75) 1.83 (0.82) 1.89 (0.75) 1.90 (0.72) 1.85 (0.74) 1.87 (0.75) 0.859
Social community at work 0.66 (0.82) 0.63 (0.86) 0.63 (0.84) 0.71 (0.80) 0.70 (0.80) 0.65 (0.77) 0.705
Job insecurity 0.49 (0.58) 0.54 (0.64) 0.56 (0.60) 0.59 (0.69) 0.37 (0.49) 0.40 (0.53) <0.001
Discrimination 0.53 (0.65) 0.49 (0.64) 0.55 (0.68) 0.56 (0.67) 0.54 (0.65) 0.48 (0.58) 0.575
Quantitative demands 1.22 (0.57) 0.99 (0.54) 1.13 (0.55) 1.23 (0.48) 1.32 (0.55) 1.42 (0.60) <0.001
Emotional demands 0.75 (0.69) 0.44 (0.62) 0.63 (0.68) 0.77 (0.71) 0.99 (0.68) 0.87 (0.64) <0.001

Note: Skill discretion, meaning of work, social support from colleagues and supervisors, variation of work and social community at work were
scored with reversed scoring (i.e., a higher score equaled less skill discretion, etc.)

Frequencies compared using y*-test. Mean values compared by use of ANOVA-test

are in accordance with previous studies examining social
inequalities in SRH (Bauer et al. 2009; Borrell et al. 2004;
Hammig et al. 2014; Mustard et al. 2003; Niedhammer
et al. 2008). Indeed, previous studies suggest that social
inequalities in various health outcomes are less pro-
nounced among women than men (Arber 1997; Koski-
nen and Martelin 1994). However, some studies have also

found social inequalities in SRH among women (Matthews
et al. 1999; Schrijvers et al. 1998).

We also found that exposure to adverse work factors
was unequally distributed across SEP among both genders.
Thus, our findings were in line with previous studies show-
ing that most adverse work factors tend to cluster among
individuals with lower SEP (Bauer et al. 2009; Borg and
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Table 2 Distribution of age, self-rated-health (SRH) at baseline and follow-up and physical and psychosocial work factors at baseline by socio-
economic position (SEP) among women (n=1796)

Socioeconomic position (SEP)

Total V (lowest) v 1 1I I (highest) p?
n=1796 n=203 n=635 n=174 n=659 n=125
n (%) n (%) n (%) n (%) n (%) n (%)
Age at baseline
50 years 824 (45.88) 93 (45.81) 299 (47.09) 80 (45.98) 306 (36.80) 46 (45.88) 0.330
40 years 972 (54.12) 110 (54.19) 336 (52.91) 94 (54.02) 353 (53.57) 79 (63.20)
Self-rated health (baseline)
Excellent 243 (13.53) 15 (7.39) 75 (11.81) 24 (13.79) 106 (16.08) 23 (18.40) <0.001
Very good 793 (44.15) 57 (28.08) 277 (43.62) 85 (43.85) 309 (46.89) 65 (52.00)
Good 643 (35.80) 104 (51.23) 234 (36.85) 59 (33.91) 215 (32.63) 31 (24.80)
Fair 111 (6.18) 24 (1.82) 48 (7.56) 6 (3.45) 27 (4.10) 6 (4.80)
Poor 6 (0.33) 3(1.48) 1(0.16) 0 (0.00) 2(0.30) 0 (0.00)
Self-rated health (follow-up)
Excellent 171 (9.52) 9 (4.43) 56 (8.82) 20 (11.49) 69 (10.47) 17 (13.60) <0.001
Very good 676 (37.64) 39 (19.21) 244 (38.43) 74 (42.53) 267 (40.52) 52 (41.60)
Good 733 (40.81) 111 (54.68) 249 (39.21) 68 (39.08) 259 (39.30) 46 (36.80)
Fair 197 (10.97) 40 (19.70) 78 (12.28) 10 (5.75) 61 (9.26) 8 (6.40)
Poor 19 (1.06) 4(1.97) 8 (1.26) 2 (1.15) 3 (0.46) 2 (1.60)

Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Physical work factors (baseline)

Ergonomic exposures 0.60 (0.52) 0.92 (0.60) 0.69 (0.54) 0.51 (0.48) 0.49 (0.43) 0.31(0.41) <0.001
Noise 0.70 (0.85) 1.10 (1.06) 0.53 (0.74) 0.51 (0.80) 0.82 (0.84) 0.50 (0.74) <0.001
Poor indoor climate 0.99 (0.85) 0.96 (0.93) 1.01 (0.85) 0.94 (0.83) 1.03 (0.85) 0.83 (0.77) 0.129
Particle pollution 0.68 (0.73) 0.88 (0.88) 0.72 (0.78) 0.61 (0.69) 0.62 (0.64) 0.51 (0.65) <0.001
Psychosocial work factors (baseline)
High work pace 1.48 (0.74) 1.46 (0.82) 1.49 (0.75) 1.49 (0.69) 1.46 (0.73) 1.59 (0.74) 0.480
Low skill discretion 0.80 (0.63) 1.25 (0.77) 0.90 (0.63) 0.82 (0.58) 0.59 (0.49) 0.63 (0.58) <0.001
Variation of work 0.81 (0.82) 1.41 (0.94) 0.99 (0.83) 0.84 (0.77) 0.50 (0.62) 0.57 (0.77) <0.001
Meaning of work 0.47 (0.55) 0.62 (0.73) 0.48 (0.56) 0.48 (0.53) 0.42 (0.46) 0.52 (0.54) <0.001
Social support from colleagues 1.37 (0.77) 1.42 (0.90) 1.43 (0.80) 1.39 (0.73) 1.29 (0.72) 1.41 (0.70) 0.014
Social support from supervisors 1.65 (0.79) 1.75 (0.87) 1.65 (0.80) 1.57 (0.78) 1.64 (0.76) 1.67 (0.78) 0.302
Social community at work 0.51 (0.75) 0.56 (0.78) 0.53 (0.80) 0.55 (0.74) 0.45 (0.70) 0.66 (0.77) 0.031
Job insecurity 0.47 (0.61) 0.77 (0.71) 0.60 (0.66) 0.55 (0.67) 0.24 (0.42) 0.38 (0.53) <0.001
Discrimination 0.46 (0.62) 0.45 (0.65) 0.48 (0.66) 0.48 (0.61) 0.43 (0.60) 0.44 (0.56) 0.687
Quantitative demands 1.10 (0.58) 0.83 (0.53) 1.00 (0.56) 1.14 (0.57) 1.22 (0.55) 1.41 (0.59) <0.001
Emotional demands 0.99 (0.70) 0.64 (0.69) 0.89 (0.67) 0.80 (0.64) 1.23 (0.68) 1.08 (0.62) <0.001

Skill discretion, meaning of work, social support from colleagues and supervisors, variation of work and social community at work were scored
with reversed scoring (i.e., a higher score equaled less skill discretion, etc.)

Frequencies compared using y*-test. Mean values compared by use of ANOVA-test

Kristensen 2000; Borrell et al. 2004; Ferrie 2003; Himmig  previous studies (Borg and Kristensen 2000; Niedhammer
et al. 2014; Himmig and Bauer 2013; Mustard et al. 2003; et al. 2008; Schrijvers et al. 1998).

Niedhammer et al. 2008). Quantitative and emotional Our main finding was that work factors partly explained
demands and high work pace, however, exhibited a posi-  approximately half of the social inequalities in SRH. Over-
tive gradient, i.e., they were more prevalent in individuals  all, these results add to the existing evidence showing that
with higher SEP. These findings were also in line with  the working environment accounts for some of the social

@ Springer



International Archives of Occupational and Environmental Health (2021) 94:335-346 341

Table 3 Association between work factors and SRH at follow-up
among men

Table 4 Association between work factors and SRH at follow-up
among women

Point estimate SE 95% C1 Point estimate SE 95% CI
Lower  Upper Lower  Upper

Ergonomic exposures 0.190%* 0.031  0.129 0.251 Ergonomic exposures 0.166%* 0.032  0.102  0.230
Noise 0.084* 0.023  0.040 0.129 Noise 0.090* 0.020 0.052  0.129
Poor indoor climate 0.060* 0.025 0.011 0.109 Poor indoor climate 0.001 0.020 —-0.037  0.040
Particle pollution 0.105% 0.027  0.051 0.159 Particle pollution 0.040 0.023 —-0.005 0.085
High work pace 0.061°%* 0.026  0.010 0.112 High work pace —0.004 0.022 -0.048 0.040
Skill discretion 0.084* 0.031  0.023 0.145 Skill discretion 0.075* 0.027  0.023  0.128
Variation of work 0.096* 0.024  0.050 0.142 Variation of work 0.044* 0.021  0.004 0.084
Meaning of work 0.053 0.034 -0.013 0.120 Meaning of work 0.048 0.031 -0.012  0.108
Social support from col- 0.053* 0.025  0.004 0.102 Social support from col- 0.006 0.022 -0.036  0.049

leagues leagues
Social support from super- 0.035 0.025 —-0.013 0.083 Social support from 0.008* 0.021 -0.034 —-0.049

visors supervisors
Social community at work 0.016 0.023 -0.029 0.061 Social community at work ~ 0.010 0.022 -0.034  0.053
Job insecurity 0.147* 0.032  0.084 0.210 Job insecurity 0.102* 0.028  0.047  0.156
Discrimination 0.106* 0.028  0.050 0.162 Discrimination 0.066* 0.027 0.013 0.118
Quantitative demands —0.005 0.033 —-0.069 0.059 Quantitative demands —0.024 0.029 -0.081 0.033
Emotional demands 0.016 0.027 -0.037 0.068 Emotional demands 0.041 0.024 —-0.006  0.088

Skill discretion, meaning of work, social support from colleagues and
supervisors, variation of work and social community at work were
scored with reversed scoring (i.e., a higher score equaled less skill
discretion, etc.)

*P<0.05

inequalities in SRH (Borg and Kristensen 2000; Ferrie 2003;
Mustard et al. 2003; Parker et al. 2013; Schmitz 2016; War-
ren et al. 2008). In line with our findings, a Danish cohort
showed that a wide range of work factors together explained
almost two-thirds of the social inequalities in changes in
SRH, when testing a combination of five different work fac-
tors (ergonomic exposures, repetitive work, skill discretion,
climatic exposures, and job insecurity) (Borg and Kristensen
2000).

Regarding the contribution of the individual work factors
to social inequalities in SRH, our results suggested that noise
(particularly among women) and ergonomic exposures and
job insecurity (among both genders) partly explained social
inequalities in SRH. Results from the pairwise comparison
analyses suggested that ergonomic exposures accounted for
more of the social inequalities in SRH than the remaining
work factors among men. In contrast, the contribution of
ergonomic exposures, job insecurity, and noise did not differ
significantly among women. The findings regarding ergo-
nomic exposures and job insecurity are in line with several
other studies showing that these work factors substantially
contribute to social inequalities in SRH (Bauer et al. 2009;
Borg and Kristensen 2000; Borrell et al. 2004; Ferrie 2003;
Héammig et al. 2014; Hammig and Bauer 2013; Niedhammer
et al. 2008).

Skill discretion, meaning of work, social support from colleagues and
supervisors, variation of work and social community at work were
scored with reversed scoring (i.e., a higher score equaled less skill
discretion, etc.)

*P<0.05

Strengths and limitations

This study has important strengths. First, the present study
uses a longitudinal design. To our knowledge, only three
other studies have investigated the contribution of a wide
range of physical and psychosocial work factors to social
inequalities in SRH using a longitudinal design (Borg
and Kristensen 2000; Schmitz 2016; Warren et al. 2008).
Second, by using a parallel multiple mediation model as
described by Preacher and Hayes (Hayes 2017; Preacher and
Hayes 2008), we were able to estimate the contribution of
the individual work factors. Third, we used a validated tool
to assess the dimensions of the psychosocial working envi-
ronment (Berthelsen et al. 2018; Kristensen et al. 2005) with
the exception of the scale for discrimination. Finally, our
study population consisted of a large group of occupationally
active participants representing various job groups.

The main limitation of this study is that despite the longi-
tudinal design, SEP, SRH at baseline and work factors were
assessed at the same time. Therefore, in principle, we were
not able to determine the temporal relationship between
these factors at baseline. The temporal separation is a cru-
cial assumption when performing mediation analyses, as
we did in our study (Oude Groeniger and Burdorf 2020).
Nevertheless, although SEP and work factors were assessed
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Table 5 Spearman’s rank order correlations for work factors among men

Ergonomic Particle pollution Poor

Noise High work pace Skill discretion Variation of work Job insecurity

exposures indoor
climate

Ergonomic exposures 1
Particle pollution 0.53%* 1
Poor indoor climate ~ 0.318* 0.377* 1
Noise 0.53* 0.48* 0.421* 1
High work pace 0.09%* 0.04 0.155* 0.04 1
Skill discretion 0.23* 0.15* 0.120* 0.15% —0.14* 1
Variation of work 0.23* 0.14* 0,143* 0.13*  0.04 0.45* 1
Job insecurity 0.08%* 0.08%* 0.097* 0.08*  0.03 0.22% 0.20* 1

Skill discretion and variation of work were scored with reversed scoring (i.e., a higher score equaled less skill discretion, etc.)

*P<0.05

Table 6 Spearman’s rank order

. Measure Ergonomic  Noise Skill discretion ~ Variation of work ~ Job insecurity
correlations for work factors
exposures
among women
Ergonomic exposures 1
Noise 0.26* 1
Skill discretion 0.14%* —0.01 1
Variation of work 0.24* —0.01 0.51* 1
Job insecurity 0.12%* 0.04 0.32% 0.29* 1

Skill discretion and variation of work were scored with reversed scoring (i.e., a higher score equaled less

skill discretion, etc.)
*P<0.05

at the same time, we assume that most of the study partici-
pants obtained their highest education before obtaining their
current occupational position. Regarding the association
between SRH and SEP, we used the highest achieved edu-
cation instead of occupational status, since educational level
is typically obtained earlier in life. Hence, we minimized the
risk of reverse causation, i.e., that health influences the high-
est obtained educational level. However, a longitudinal study
has shown that poor childhood health could influence later
educational position (Mensah and Hobcraft 2008). Thus, we
cannot rule out the possibility that poor health has led to a
shorter education. By taking baseline SRH into account, we
partly handle this bias, and as such our analyses resemble
studies that investigate changes over time. Regarding the
association between SRH and work factors, participants with
poor SRH may have left the labor force or have shifted into a
less demanding job. This healthy worker effect and selection
of workers into jobs with fewer demands might result in an
underestimation of the relationship between SEP and SRH
and the contribution of work factors to social inequalities in
health. In a similar way, it is plausible that our results might
be underestimated, as excluded individuals were more likely
to have a lower SEP, poor SRH in 2000 and 2006, and to

@ Springer

report ergonomic exposures and job insecurity compared
with included study participants.

In contrast to several other studies, we deliberately chose
not to adjust for adverse health behavior, which can be more
common among subjects with low SEP (Borg and Kristensen
2000; Power et al. 1998; Warren et al. 2004). Our main
rationale is that an unhealthy lifestyle has been demonstrated
to be a consequence of adverse work factors, among which
job strain is the most well-studied (Heikkild et al. 2013).
Thus, if work factors execute their effect on health through
lifestyle factors, these should not be included in the statisti-
cal analyses. Furthermore, from an occupational health per-
spective, it is interesting that occupational factors explain
about one third of social inequalities in health, whereas life-
style factors explain one fifth (Dieker et al. 2019).

Our assessment of work factors is limited by the lack
of information on the duration of these exposures (e.g., in
terms of seniority). Furthermore, work factors may change
during follow-up and therefore be misclassified. Yet, to
avoid a reverse effect of health on work factors, e.g., due to
selection into or out of demanding jobs or because health
affects how work factors are perceived and reported, we did
not include information about work factors at follow-up.
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Table 7 Mediation of the effect of SEP on SRH through ergonomic
exposures, particle pollution, poor indoor climate, noise, high work
pace, skill discretion, variation of work and job insecurity among men

Point estimate SE Bootstrapping

BCa 95% CI
Lower  Upper
Total effect 0.064* 0.014 0.035 0.092
Direct effect 0.026 0.016 —0.004 0.060
Indirect effects
Ergonomic exposures 0.028%* 0.008 0.007 0.040
Particle pollution 0.003 0.005 —0.006 0.012
Poor indoor climate —0.000 0.001 —0.002 0.001
Noise 0.001 0.004 —0.007 0.010
High work pace —0.003 0.002  —0.007 0.000
Skill discretion 0.001 0.003  —0.005 0.007
Variation of work 0.006 0.003 —0.000 0.013
Job insecurity 0.005* 0.002 0.001 0.009
Total indirect effects 0.036* 0.0083 0.020 0.053

Skill discretion and variation of work were scored with reversed scor-
ing (i.e., a higher score equaled less skill discretion, etc.)

Adjusted for age and SRH at baseline. The number of bootstrap sam-
ples was 5000
BCa Bias corrected and accelerated

“P<0.05

Table 8 Mediation of the effect of SEP on SRH through ergonomic
exposures, noise, skill discretion, variation of work and job insecurity
among women

Point estimate ~ SE Bootstrapping
BCa 95% CI
Lower  Upper
Total effect 0.208* 0.053 0.104 0.312
Direct effect 0.117* 0.056 0.007 0.226
Indirect effects
Ergonomic exposures 0.038%* 0.013 0.014 0.065
Noise 0.025* 0.010 0.008 0.047
Skill discretion 0.017 0.016 -0.014 0.050
Variation of work —0.007 0.017 —-0.041 0.025
Job insecurity 0.018* 0.009 0.001 0.038
Total indirect effects 0.092%* 0.022 0.049 0.137

Skill discretion and variation of work were scored with reversed scor-
ing (i.e., a higher score equaled less skill discretion, etc.)

Adjusted for age and SRH at baseline. The number of bootstrap sam-
ples was 5000

BCa Bias corrected and accelerated
“P<0.05

It is also possible that the reporting of work factors was
influenced by the participants’ personality, mental health
status, and global workability. For example, study par-
ticipants being depressed might over-report adverse work
factors (Rugulies et al. 2009), and it has been claimed that
questionnaire-based assessment of psychosocial work factors
captures individual factors rather than occupational expo-
sures (Persson et al. 2012). Besides, the accordance between
self-reports and objective measures of physical job demands
seems poor (Stock et al. 2005). However, if it indeed is the
perception of the working environment that determines the
effect on health, the use of subjective reports will be superior
when estimating health consequences. Nevertheless, from an
intervention perspective, knowledge about objective, occu-
pational exposures is necessary.

The indirect effects of the different work factors included
in the analyses might also be influenced by multicollinearity.
Even though we only found low to moderate correlations, a
study showed that correlations below 0.5 can produce mul-
ticollinearity (Vatcheva and Lee 2016). Hence, it is likely
that correlation between several work factors have produced
multicollinearity in the models, which may artificially have
reduced the beta coefficients for both variables and made
them statistically insignificant.

The observed differences in social inequalities in expo-
sure to work factors and in SRH between men and women
should be interpreted cautiously. For example, in some occu-
pations, there is an overrepresentation of men or women,
meaning that some of the differences in work-related expo-
sures may be related to occupation rather than gender. Fur-
thermore it has been argued that SRH fails to address the
psychological aspects of health and that certain aspects of
the psychological health is more important among women
with low SEP than men with low SEP (Phillips 2015). If
this hypothesis is true, SRH may be a less valid measure
of health problems in women, and this may explain why
we did not find a social gradient across all levels of SEP in
this group.

For both men and women, however, the observed effect
sizes for SEP on SRH were relatively small. For men, the effect
sizes ranged between 0.163 and 0.371. This corresponded to
20-50% of the SD of SRH at baseline. In comparison, the
effect size was 0.223 among women in the lowest SEP and
this corresponded with approximately 25% of the SD of SRH
at baseline. A follow-up period of 6 years might be too short
to expect a larger effect, and it is reasonable to assume that the
contribution of work factors to social inequalities in health is
larger in a life-course perspective. Another possible explana-
tion is that the study population might be less vulnerable to
the harmful effects of work factors due to their relatively good
health (around 60% among both men and women reported
an “Excellent” or “Very good” health at baseline). Finally, as
we used a sample of 40- and 50-year-old men and women, it
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is possible that work factors have already exerted the major-
ity of their adverse effects before this age. This hypothesis is
supported by the fact that there was a social gradient in SRH
at baseline.

Finally, although we started out with the hypothesis that
physical and psychosocial work factors contributed to the
social inequalities in SRH, our analyses were largely data
driven as explained in the Methods section. Furthermore, we
tested the mediating effect of a range of work factors increas-
ing the risk of chance findings. These limitations stress the
necessity of testing our results in other populations.

The study population consisted of a sample of 40 and 50
years old, occupationally active men and women living in Den-
mark. Hence, we propose that the findings in this study can be
generalized to the Danish working population. However, as
previous studies have shown that age can moderate the associa-
tion between work factors and SRH (Burr et al. 2017; Cheng
et al. 2013), our findings might not be applicable to other age
groups than a middle-aged population.

Conclusion

With this study, we found arguments that the working environ-
ment plays a role in social inequalities in health. Overall, we
found that work factors together explained approximately half
of the social inequalities in SRH among both genders. More
specifically, our findings suggest that the most influential fac-
tors seem to be ergonomic exposures and job insecurity among
both genders and noise among women. Thus, this study con-
tributes to the understanding of the pathways from SEP to poor
health. Further work is needed to clarify the mediating role
of work factors to social inequalities in SRH including also
younger participants at the beginning of their working life and
with other more specific health outcomes of high public health
relevance, such as musculoskeletal disorders or depression.
Importantly, this study also provides knowledge that can direct
interventions aiming at reducing social inequalities in health.
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