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Abstract

Purpose Job control, the combination of skill discretion and decision authority, is considered a central component of the
psychosocial working environment. This longitudinal study examines the relation between job control and risk of incident
depressive disorder using a life-course approach.

Methods We analyze data from The Danish Work Life Course Cohort study, including all Danish individuals aged 15-30 who
entered the Danish labor market during 1995-2009 and were free from depressive disorder at entry (955,573 individuals). We
measured job control using a job exposure matrix. Depressive disorders were measured using information from nationwide
registers of psychiatric in- and outpatient admissions. Using Cox regression models we estimated the prospective associa-
tion between job control and risk of incident depressive disorders. Analyses accounted for a range of potential confounders
prior to workforce entry including socioeconomic status in adolescence and parental psychiatric and somatic diagnoses prior
to labor market entry, together with potential confounders in adulthood including income, education, and demographics.
Results Lower levels of past year job control were associated with a higher risk of depressive disorder after adjustment for all
covariates (HR=1.27,95% CI 1.16-1.38). Results stratified by gender showed associations for both men (HR=1.38,95% CI 1.19—
1.61) and women (HR=1.19, 95% CI 1.08-1.32). Conclusions: Our findings suggest that the level of job control at work affects
the risk of clinically diagnosed depressive disorder, and that this association is not due to confounding by socioeconomic status.
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Introduction

Depressive disorder is highly prevalent and causes con-
siderable suffering for individuals affected [1, 2] as well
as financial loss for employers and society [3, 4] through
lost work hours, reduced work functioning and disability
[5-8]. Depressive disorder is etiologically complex with
multiple risk factors involving biological, environmen-
tal and psychological factors [9—12]. A growing body of
research suggests that poor psychosocial working condi-
tions increase the risk of depressive disorders [13-15].
Among the many factors characterizing the psychosocial
working environment, the most widely examined factor in
relation to depression is job control [13, 14], one of the
two dimensions of the demand/control model [16]. Job
control is a combination of the skill discretion (possibili-
ties of development) and decision authority (influence)
of a job. These aspects of work are often interrelated and
thought to mutually reinforce effects of each other [17].

Theoretically, a relation between job control and
depressive disorder may be explained by learned helpless-
ness, a psychological state which has been related to the
development of depressive disorder [18]. Further, Ban-
dura suggested that lower sense of self-efficacy to exer-
cise control increases risk of depressive disorder through
unobtainable standards of self-worth and through social
isolation due to a perceived inefficiency in developing
rewarding social relations [19-22]. From a sociological
perspective, Brown and Harris argued that the “social ori-
gins of depressive disorder” have their basis mainly in
a lack of influence about important aspects of life [23].
They examined socially disadvantaged women in England
and showed that certain environmental stressors outside
the individuals’ control, e.g., problems regarding hous-
ing, financing, husband and child, in combination with
pre-existing vulnerability factors, were associated with an
increased risk of depressive disorders [24].

Empirically, several studies have shown relations
between job control and depressive disorder. Two recent
meta-analyses found that low job control is a risk factor
for depressive disorder [13, 14]. However, the extant lit-
erature has at least five methodological limitations. First,
socioeconomic status (SES) is an important confounder
because job control is closely linked with SES as the level
of skill discretion and decision authority are also indica-
tors of occupational grade, a core measure of SES. Most
previous studies have included only measures of adulthood
socioeconomic status (SES). This is a concern, because
not only adult SES but also the long-term influences of
earlier life circumstances may be risk factors of depres-
sive disorder [25-27] independently of adult SES [28].
Second, most studies have not followed individuals from
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the beginning of their work lives. Thus the study popula-
tions may have been affected by healthy worker selection,
as the population consists of individual who remained
within the workforce without developing depressive dis-
order for years, perhaps even decades, which in turn may
yield an underestimation of the effect of job control on
depressive disorder. Third, the majority of studies have
been unable to account for selection of individuals with
increased risk of depressive disorder into occupations with
low levels of job control. A recent study of the associa-
tions between job strain, job control and risk of common
mental disorder [29] found that associations were attenu-
ated when life-course variables on psychiatric history and
other confounders were used to account for such selection.
Such selection has also previously been found in studies
of other work environment factors and depressive disorder
[30-32]. Fourth, job control has been mostly assessed only
at baseline which is problematic because the effects of job
control may accumulate over time, and because changes
in exposure remain undetected [33]. Fifth, most studies
exclusively measured job control using self-report thereby
increasing the risk of reporting bias as pre-clinical symp-
toms of depressive disorder may affect the reporting of the
working conditions [34, 35].

In this article, we address these limitations of the extant
literature by analyzing detailed register data on risk of
depressive disorder among all young Danish workers
first entering the workforce. First, to minimize residual
confounding by unmeasured socioeconomic circum-
stances, we apply a life-course approach and control for
the socioeconomic gradient using several indicators of
SES at different stages throughout the life course. A life-
course approach is particularly relevant for examining the
influence of SES on the risk of depressive disorder, as
it takes into account long-term effects on health during
childhood, adolescence and later adult life [29, 36-38].
Second, we assess job control repeatedly and examine the
risk of depressive disorder associated with accumulated
levels of job control across the work life. Third, we assess
job control with a job exposure matrix (JEM) instead of
self-report to avoid inflation of the estimated associations
due to reporting bias. We published a protocol detailing
the analyses before they were conducted, to avoid post hoc
decision-making in the analytic process [39].

The first aim of our study was to examine the prospec-
tive association between the past year level of job control
and subsequent risk of incident depressive disorder while
accounting for a range of risk factors throughout the life
course. The second aim was to elucidate the temporal-
ity of the association between job control and depressive
disorder by distinguish past year effects from those accu-
mulating over time.
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Methods
Study population

The study population was drawn from the register-based
open cohort DAWCO. DAWCO comprises all young indi-
viduals aged 15-30 who lived in Denmark and had gain-
ful employment as their main source of income accord-
ing to Danish registers [40] for at least 1 year during the
years 1995-2009, and who had not previously been reg-
istered as mainly gainfully employed (N=979,257). The
present study population consisted of 955,573 individu-
als excluding those DAWCO individuals who emigrated
(n=13,087), died (n="71), or received disability pension
(n=361) in their year of entry, has missing data on gender
and migrant status (n=5176), or had a clinical diagnosis
of depressive disorder prior to workforce entry (n=4989).
The individuals were followed annually from year of entry
to end of follow-up in 2010 yielding a total of 6,991,811
person years. The relatively high levels of missing parental
education data (maternal education 37.7% and paternal
education 47.2% in year of entry) were related to the age
of the cohort members as parental linkage to education
could not be obtained prior to 1980, and to migration
status of the cohort members’ parents as information on
parental education achieved outside Denmark could not
be obtained prior to migration to Denmark. We retained
individuals with missing parental data in the cohort to
ensure cohort completeness, but accounted for missing
data in the analyses.

Measures
Exposure variable: job control

The predicted level of job control was assessed using a
Job Exposure Matrix (JEM). JEMs were first used in work
environment studies in the 1980s [41], and recently, sev-
eral studies on the development or application of JEMs
have been published from Finland, France, the Nether-
lands, Denmark and Germany [42—-47]. In countries such
as Denmark with population based administrative regis-
ters, JEMs enable studies of associations between work
environment and health in nationwide cohorts. In the pre-
sent study, the JEM was based on five self-reported items
from The Danish Work Environment Cohort Study [48,
49] in years 2000 and 2005. Four items originated from
the Copenhagen Psychosocial Questionnaire (COPSPQ)
[50], whereas the fifth item had non-COPSOQ response
options [51]. The items used to measure job control can
be found in Online Resource Table S1. Weighing each

item equally, we calculated a scale value ranging from 1
to 5 as the mean of item scores. To ease interpretation, we
reversed the original scale so that higher scores indicate
lower job control. Using the survey data, we estimated the
predicted level of control as a function of job group, gen-
der, age and year of data collection. Subsequently, these
JEM-values for predicted level of control were assigned to
the register-based population. Occupational groups were
classified according to the Danish version of the ISCO-88
classification (DISCO-88). The intraclass correlation coef-
ficient (ICC) for the JEM was 0.30 which is satisfactory
compared to other JEM-based exposures for psychosocial
work environment factors [47]. The occupations with the
lowest and highest levels of job control are presented in
Table S2. The validity of the JEM is supported by its
distribution, as the lowest levels of job control were pri-
marily in occupations of lower occupational position (as
indicated by 1-digit DISCO-groups 8-9), and the high-
est levels of job control were primarily in occupations of
higher position (DISCO-groups 1-2). For more informa-
tion on the development of the JEM, see Madsen 2018
[39]. To improve comparability to previous research, we
further estimated the association categorically in terms of
a high exposure group and a low exposure group defined
by median split.

To measure accumulated level of job control we added
annual JEM-values for each individual across the years in
the cohort. To further explore the accumulated level of job
control, we constructed a measure for the proportion of pre-
vious annual measures with low level of job control (defined
by median split) that was further categorized into four
groups with cut points at 5%, 25% and 75%. The correlation
between past year job control and accumulated level of job
control was moderate with a Pearson’s correlation coeffi-
cient of 0.29. Table S3 shows the distribution of individuals
with low level of job control in the past year in relation to
the proportions of cumulative exposure. Results show that
a large proportion of individuals who have low job control
in the past year also had low job control in previous years.
All measures for job control were included as time-varying
variables in the statistical models.

Outcome: depressive disorder

Depressive disorder was assessed using data from The Psy-
chiatric Central Research Register [52] (years 1969-1994)
and The National Patient Register [53] (years 1995-2010).
Combined, the two registers encompass all psychiatric inpa-
tient treatments since 1969 and from 1995 onwards include
both in- and outpatient treatments [52]. We defined depres-
sive disorder as a main diagnosis from in- or outpatient
treatment of 296.0, 296.2, 298.0, 300.4 from ICDS (for the
years 1969-1993) and F32 or F33 from ICD10 (for the years
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1994-2010). In the current analysis we excluded individu-
als diagnosed with depressive disorder prior to workforce
entry further encompassing the diagnoses 308.02 (ICD8)
and F92.0 (ICD10) for depressive disorder in childhood or
adolescence.

Possible confounders

Life-course SES We used several register-based indicators
of SES [40, 54, 55] at different stages throughout the life
course with each indicator emphasizing different aspects
of social stratification. Adulthood SES was measured with
income [36] included from year ¢ and categorized in deciles,
and educational attainment [36] categorized in six catego-
ries according to the International Standard Classification
of Education (ISCED) [56]: primary and lower secondary
(ISCED levels 1 and 2), upper secondary (ISCED level 3),
short cycle tertiary (ISCED level 5), bachelor or equivalent
(ISCED level 6), master, doctoral (ISCED level 7), and a
category for missing data, in year r—1. We used informa-
tion on education in year —1 to ensure the correct temporal
order between education and job control for confounding,
i.e., that the measure for education preceded the exposure
measurement, and to avoid multi-collinearity in the model
due to certain jobs possibly having no variation in educa-
tional level.

We included variables on SES in adolescence drawn from
Danish registers [40, 54] because (i) studies have found SES
in early life to be a risk factor for depressive disorder [28]
and (ii) SES is a potential confounder as it has also been
associated with labor force participation in adulthood [57,
58] that attenuates the association between work environ-
ment factors and labor market exit [59]. In line with previous
studies [60, 61], variables measuring adolescence SES were
maternal and paternal education categorized in five groups
according to ISCED, and occupational position categorized
in two groups (employed, unemployed/outside the labor
force, and a category for missing information) following the
guidelines set by ILO [62]. Both variables were measured
when the cohort member was 15 years old, but in cases of
missing information we retrieved data back to birth or up
to age 20. Parental data linkage was only available from
1980 and onwards leaving this information unavailable for
9.8% of individuals for maternal data and 11.1% for paternal
data. In the analysis we adjusted for missing parental data
by dummy variables. Variables on adolescence SES were
included as time-invariant in the analyses while adult SES
were time varying.

Life-course risk factors for depressive disorder: parental psy-
chiatric and somatic diagnoses Additionally, we included
variables on all parental ICD10 psychiatric diagnoses prior
to the cohort member entering the workforce because pre-

@ Springer

vious research shows that parental psychiatric disorder is
a risk factor for depressive disorder [63—-65]. We further
included variables on parental somatic diagnoses of heart
disease and cancer prior to the cohort member entered the
workforce because previous research suggests that children
of ill parents have increased vulnerability to depressive dis-
order [66, 67]. Variables were drawn from The National
Patient Register [53] and The Psychiatric Central Research
Register [52] and included as time-invariant in the analyses.

Other variables

We controlled for factors that, based on previous literature,
were likely to be risk factors for depressive disorder [2, 68,
69] and be unequally distributed across occupational groups.
These register-based variables [40, 70] included gender, age,
cohabitation (single, cohabiting), ethnicity (Danish, immi-
grant/descendant of immigrant), number of children in the
household, employment status (employed, self-employed,
unemployed, studying), years of non-employment and years
of work experience. Gender and ethnicity were included as
time-invariant in the analyses, while the remaining variables
were time-variant.

Analysis

For all analyses, we used the SAS 9.4 program package. We
used Cox proportional hazard models with time-dependent
covariates and calendar time as underlying time axis to esti-
mate the association between level of job control and subse-
quent risk of incident depressive disorder [71]. We included
both past year level of job control at time t and the accu-
mulated level of job control at time t and all previous years
concurrently. We analyzed data with a 1-year time lag and
related exposure to job control in year t to outcome during
year t+1. We followed individuals from their year of work-
force entry until the first diagnosis of depressive disorder or
any of the absorbing states: death, emigration or award of
disability pension, or end of follow-up 31 December 2010,
whichever came first. We applied logarithmic transformation
(log2) of the JEM estimate for exposure (the predicted level
of job control), so that the estimated parameters could be
interpreted as the risk associated with a halving of the level
of job control. This transformation was applied to ease com-
parability of the results of the present study to those studies
examining effects of job control using other measures.

In the main analysis (Model 1), we adjusted for gender,
age, cohabitation status, ethnicity, number of children in the
household, employment status, years of non-employment,
years of work experience, income, SES in adolescence
(parental education and occupational position) and paren-
tal psychiatric and somatic diagnoses. Because education
is particularly closely linked with job control, we further
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adjusted for highest level of education in time #—1 separately
in Model 2.

Sensitivity analyses

To assess the robustness of the findings, we ran models strat-
ified by gender, migrant status, educational level and indus-
trial sectors and examined the association in terms of a high
exposure group and a low exposure group defined by median
split. Further, to assess the influence of the included life-
course variables preceding workforce entry on the estimated
association between job control and depressive disorder, we
conducted a post hoc sensitivity analysis, in which we omit-
ted adjustment for these factors and compared results from
these models to those from the main analysis. We also ran
models excluding individuals diagnosed with any ICD10
diagnosis of psychiatric morbidity before baseline and
repeated the main analysis with three alternative definitions
of accumulated exposure: (1) number of previous years with
low job control; (2) proportions of previous years with low
job control; (3) proportion of previous years with low job
control measured in categories. Finally, to assess whether
the estimated association between job control and depressive
disorder could be explained by other working conditions, we
ran a model further adjusting for psychological demands,
emotional demands, physical work demands, and risk of
violence at work, all measured by job exposure matrices.

Results
Describing the population

Table 1 shows characteristics of the population at year of
cohort entry. Men and women were represented equally and
the average age was 20.2. The majority of individuals were
born in Denmark (84.9%), cohabiting (64.2%), and had pri-
mary or lower secondary education as the highest level of
education (71.9%). Regarding adolescent SES, most parents
of the cohort members had upper secondary education as
their highest level of education (25.0% and 27.0%) and were
employed (maternal employment 64.4%, paternal employ-
ment 73.8%), when the cohort members were 15 years old.

Level of job control and depressive disorder

We identified 16,153 individuals with incident hospital-
treated depressive disorder during follow-up. Table 2 shows
the association between job control and depressive disorder.
Individuals working in occupations with lower levels of job
control in the past year had a higher risk of depressive disor-
der (HR=1.62, 95% CI 1.49-1.76) compared to individuals
in jobs with higher levels of job control after accounting for

Table 1 Characteristics of the study population in their year of entry
into the workforce

N % Mean

Total sample 955,573 100
Gender

Men 484,422 50.7

‘Women 471,151 49.3
Age 20.2

15-17 103,410 10.8

18-19 379,211 39.7

20-24 378,299 39.6

25-30 94,653 9.9
Cohabitation

Yes 613,502 64.2

No 298,507 31.2

Unknown 43,564 4.6
Ethnicity

Danish 811,622 84.9

Non-Danish 143,951 15.1
Children in the household

0 286,040 29.9

>1 669,533 70.1
Education

Primary or lower secondary 686,791 71.9

Upper secondary 172,169 18.0

Short cycle tertiary 4319 0.5

Bachelor or equivalent 13,319 1.4

Master or equivalent 5389 0.6

Doctoral or equivalent 13 <0.1

Not classified/unknown 73,573 7.7
Maternal psychiatric diagnosis

Yes 62,543 6.6

No 893,030 93.5
Paternal psychiatric diagnosis

Yes 57,733 6.0

No 897,840 94.0
Maternal somatic diagnosis

Yes 40,617 4.3

No 821,176 85.9
Paternal somatic diagnosis

Yes 55,373 5.8

No 794,235 83.1
Maternal education

Primary or lower secondary 207,277 21.7

Upper secondary 238,304 25.0

Short cycle tertiary 16,331 1.7

Bachelor or equivalent 111,198 11.6

Master or doctoral 22,624 2.4

Not classified/unknown 359,839 37.7
Paternal education

Primary or lower secondary 123,473 13.0

Upper secondary 258,260 27.0
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Table 1 (continued)

N % Mean
Short cycle tertiary 22,091 23
Bachelor or equivalent 54,981 5.8
Master or doctoral 45,357 4.8
Not classified/unknown 451,411 47.2
Maternal occupational position
Employed 653,987 64.4
Non-employed 192,581 20.1
Unknown 109,005 114
Paternal occupational position
Employed 705,361 73.8
Non-employed 122,213 12.8
Unknown 127,999 13.4
Missing maternal data 93,780 9.8
Missing paternal data 105,965 11.1

accumulated levels of job control, life-course SES (exclud-
ing education) and the other covariates (Table 2, Model 1).
The association was attenuated, but remained statistically
significant after further adjustment for highest level of edu-
cation (HR=1.27,95% CI 1.16-1.38) (Table 2, Model 2).

There was no statistically significant association between
accumulated level of job control and depressive disorder
after accounting for past year level of job control and covari-
ates (Table 2, Model 1). After accounting for educational
level in Model 2, this association remained statistically
non-significant.

To improve comparability to previous research, we esti-
mated the association in terms of a dichotomized variable
defining groups with high and low job control using median

split (Table 2). We found a hazard ratio for depressive disor-
der of 1.15 (95% CI 1.11-1.20) for employees with the low
past year job control compared to employees with high job
control after adjusting for accumulated level of job control
and covariates (Table 2, Model 1). The association attenu-
ated but remained statistically significant after adjusting for
educational level (HR=1.07, 95% CI 1.03-1.12) (Table 2,
Model 1).

Sensitivity analyses

In the fully adjusted model, analysis stratified by gender
(Table 3) showed that the association between past year level
of job control and risk of incident depressive disorder was
similar in men (HR 1.38, 95% CI 1.19-1.61) and women
(HR 1.19, 95% CI 1.08-1.32). Accumulated level of job
control was statistically significant only for men (HR 1.41,
95% CI 1.05-1.89). Analyses stratified by ethnicity (Table 3)
showed a statistically significant association between past
year level of job control and depressive disorder in indi-
viduals of Danish ethnicity (HR 1.29, 95% CI 1.18-1.41),
but no association in immigrants/descendants of immigrants
(HR 0.91, 95% CI 0.70-1.18) in the fully adjusted model.
However, accumulated exposure was statistically signifi-
cantly associated with depressive disorder in immigrants/
descendants of immigrants (HR 2.05, 95% CI 1.03-4.09),
but not in ethnic Danes.

Figure 1 shows the associations for level of job con-
trol and risk of depressive within strata of educational
level and Fig. 2 shows the association within industries.
The detailed results are presented in Online Resource
Tables S4 and S5. When stratifying by educational level
the association between past year level of job control and

Table 2 Risk of depressive disorder in relation to past year level of job control

PY Cases Cases per Model 1 Model 2
10.000 ; -
PY Hazard ratio 95% P value Hazard ratio 95% P value
confidence confidence
interval interval
Past year level of job control, per 6,991,811 16,148 23 1.62 1.49-1.76 <0.001 1.27 1.16-1.38 <0.001
halved level
Past year job control, dichotomized <0.001
Low 4,109,574 11,020 27 1.15 1.11-1.20  <0.001 1.07 1.03-1.12  <0.001
High 2,882,238 5,128 18 1.00 Ref. 1.00 Ref.
Accumulated level of job control, 6,991,811 16,148 23 1.20 1.00-1.43 0.053 1.19 1.00-1.42 0.053

per halved level

Associations for past year job control and accumulated job control are included in the same models (mutually adjusted)

Higher values on the job control scale indicate lower job control

Model 1 is adjusted for gender, age, cohabitation, ethnicity, number of children, employment status, years of non-employment, years of work
experience, income, maternal and paternal psychiatric and somatic diagnoses, maternal and paternal education and occupational position

Model 2: estimates are additionally adjusted for highest level of education

PY person years
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Table 3 Risk of depressive disorder in relation to past year level of job control stratified by gender and ethnicity

PY Cases Cases per Model 1 Model 2
10.000 - -
PY Hazard ratio 95% P value Hazard ratio 95% P value
confidence confidence
interval interval

Men 3,557,930 5378 15

Past year level of job control, per 1.79 1.54-2.07 <0.001 1.38 1.19-1.61 <0.001
halved level

Accumulated level of job control, 1.52 1.12-2.05 0.007 1.41 1.05-1.89 0.023
per halved level

Women 3,433,882 10,770 31

Past year level of job control, per 1.49 1.34-1.64  <0.001 1.19 1.08-1.32 0.0008
halved level

Accumulated level of job control, 1.12 0.89-1.41 0.334 1.16 0.93-1.46 0.1855
per halved level

Danish ethnicity 6,227,382 14,531 23

Past year level of job control, per 1.68 1.54-1.83  <0.001 1.29 1.18-1.41  <0.001
halved level

Accumulated level of job control, 1.07 0.89-1.29 0.466 1.12 0.93-1.34 0.241
per halved level

Non-Danish ethnicity 764,430 1617 21

Past year level of job control, per 0.99 0.77-1.28 0.967 0.91 0.70-1.18 0.595
halved level

Accumulated level of job control, 2.41 1.19-4.89 0.014 2.05 1.03-4.09 0.041

per halved level

Associations for past year job control and accumulated job control are included in the same models (mutually adjusted)

Model 1: estimates are adjusted for gender, age, cohabitation, ethnicity, number of children, employment status, years of non-employment, years
of work experience, income, education, maternal and paternal psychiatric and somatic diagnoses, maternal and paternal education and occupa-
tional position

Model 2: estimates are additionally adjusted for highest level of education

PY person years

Py  Cases ﬁf;g;';f; HR (95% CI) P-value
Primary or lower secondary '
Past year level of job control 2,532,115 7,675 30 :'-.—< 123 ( 1.07 - 141 ) <0.001
Upper secondary |
Past year level of job control 3,234,617 17,675 24 :*.—' 1.23 ( 1.08 - 140 ) <0.001
Short cycle tertiary '
Past year level of job control 194,981 273 14 — 127 ( 0.66 - 245 )  0.662
Bachelor or equivalent :
Past year level of job control 610,136 1,028 17 — @+ 086 ( 0.62 - 1.18 ) 0.723
Master or equivalent :
Past year level of job control 260,469 264 10 — @t 0.64 ( 030 - 136 ) 0515
Not classified / Unknown :
Past year level of job control 150,981 275 18 —— 146 ( 079 - 271 ) 0.174
1
0 1 2 3 4
HR (95% CI)
Fig. 1 Depressive disorder in relation to past year level of job control within subgroups of educational level
depressive disorder were similar with an elevated risk In the fully adjusted model, the association was statisti-

in the two lowest educational groups; primary or lower  cally non-significant in most industries (Online Resource
secondary education. For higher levels the association = Table S5, Model 2) and accumulated exposure showed
changed directions but were statistically non-significant.
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Cases per
Py Cases 000 Py
Agriculture, fishing and quarrying
Past year level of job control
Manufacturing

Past year level of job control
Construction

Past year level of job control

Retail trade; hotels and restaurants
Past year level of job control

Transport, storage and communication
Past year level of job control

Financial intermediation, business etc.
Past year level of job control

Public and personal services

Past year level of job control

Activity not stated

Past year level of job control
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Fig.2 Depressive disorder in relation to past year level of job control within industries

a non-statistically significant association with depressive
disorder in all industries.

Supplementary analyses

Online Resource Table S6 shows the estimates for selected
covariates. In the fully adjusted model, the life-course vari-
ables pre-existing labor market entry (parental education
and occupational status, parental psychiatric diagnoses and
somatic diagnoses of heart disease) predicted risk of depres-
sive disorder. When we omitted adjustment for these factors
(Online Resource Table S7) we found similar associations
between past year level of job control and depressive disorder
with hazard ratios of 1.73 (Model 1) and 1.29 (Model 2).

Regarding past year level of job control, results from the
analysis excluding individuals diagnosed with any psychiatric
diagnoses before baseline were similar to the main analysis,
while accumulated exposure became statistically significantly
associated with risk of depressive disorder (Online Resource
Table S8). Results from the analysis on alternative definitions
of accumulated exposure showed no statistically significant
association with risk of depressive disorder (Online Resource
Tables S9-S11). When we adjusted for other working condi-
tions (psychological demands, emotional demands, physical
work demands, and risk of violence at work), the results were
similar to those from the main analysis, with hazard ratios of
1.77 (95% CI 1.57-2.00) for past year job control and 1.20
(95% CI 1.00-1.4) for accumulated level of job control.

Discussion
We found that employment in occupations characterized by

lower levels of job control is associated with a higher risk
of first-time hospital-diagnosed depressive disorder. This
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association was not explained by known risk factors for
depressive disorder including gender and life-course vari-
ables on SES in adulthood, SES in adolescence, and parental
psychiatric and somatic diagnoses prior to entering the labor
market. The association was attenuated but remained statis-
tically significant after further adjustment for educational
attainment (Aim 1). The main analysis showed no consistent
association between accumulated levels of job control and
depressive disorder (Aim 2). Associations for past year job
control were similar in men and women. However, associa-
tions were education specific and statistically non-significant
in most industries after additional adjustment for highest
level of education.

Relations to previous literature

Previously, the effects of job control accumulated during the
working life on cardiovascular mortality, have been exam-
ined by Johnson et al. [72]. Our study is the first, however,
to apply a life-course approach to disentangle the association
of job control and depressive disorder from effects of SES.
We followed individuals from the beginning of their working
lives and accounted for potential risk factors for depressive
disorder pre-existing labor market entry, and selection into
specific occupational groups. Our findings suggest an effect
of job control on depressive disorder. Possible mechanisms
that have all been related to the etiology of depressive disor-
der are learned helplessness [18], low sense of self-efficacy
[19-22], and lack of influence about important aspects of
life [23]. Our findings extend previous studies associating
job control with indicators of depressive disorder [13] and
depressive symptoms [14]. We found that the life-course
variables of risk factors for depressive disorder pre-existing
workforce entry were independent risk factors for depressive
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disorder. However, when these factors were omitted from
the analysis, results for job control were similar to those
of the main analysis. This is in line with findings from a
recent study investigating the association between job con-
trol and other psychosocial work environment factors and
common mental disorders in a life-course perspective [29].
This study found that the association between job control
and common mental disorders was clearly attenuated by risk
factors for common mental disorders in childhood and early
youth but remained statistically significant. Further, a twin
study by Theorell et al. [73] showed that biological trait fac-
tors, which could predispose individuals simultaneously to
both reporting low job control and develop depression, are
unlikely to be a major bias of the estimated associations
between job control and depression. These findings all sug-
gest that any bias due to the selection of individuals with
higher risk of depressive disorder into occupations with low
job control has likely been only a minor issue in previous
studies on the topic, and point to the importance of interven-
ing to increase job control levels, as this could potentially
prevent some cases of depression.

Research regarding workplace interventions to increase
levels of job control suggests that such interventions may
be associated with better employee sleep quality, improved
mental health and reduced levels of depressive symptoms
[74-76]. There is also evidence suggesting positive organi-
zational effects of job control interventions, in terms of
increased productivity and decreased sickness absence [77].
However, more high-quality studies and replication stud-
ies are needed to establish which interventions are effective
under which circumstances [77].

Accumulation of exposure

Our results concerning the association between accumulated
job control and depressive disorder remain inconclusive. We
found no association in the main analyses, but there were
some indication of accumulation in supplementary analy-
ses within specific subgroups. To the best of our knowledge
our study is the first to examine accumulated levels of job
control as previous studies have only included exposure at
one point in time. Therefore, further research is needed to
conclude firmly on the subject.

Differences in the associations between job control
and depressive disorder by educational level

Stratification by educational level showed that the associa-
tion between past year level of job control and depressive
disorder was primarily seen in lower educational levels.
There is a strong correlation between education and job
control, with increasing educational levels associated with
higher job control [78, 79]. Some studies have suggested

that there are non-linear associations between influence at
work and well-being, and that more influence may no longer
be associated with better well-being at the highest levels
[80]. It is possible, that such non-linearity may explain that
the associations in the present study were limited to lower
educational levels. Furthermore, the lack of association in
individuals with higher educational levels may be related to
misclassification of our outcome, as individuals with higher
education may have more financial resources and may be
more likely to enter private psychiatric or psychological
treatment for any mental health problems, and such treat-
ments are not included in the registers applied to measure
depression in the present study [52].

Alternatively, the stronger association between job con-
trol and depressive disorders in lower SES groups may be
related to sample characteristics as the present study follows
individuals in their first years on the Danish labor market,
before achieving their highest level of education. Therefore,
to firmly establish whether or not job control is associated
with depressive disorder also in individuals with higher edu-
cational levels, the study design would need to encompass
middle aged and older employees as well.

Strengths and limitations

A considerable strength of this study is its ability to mini-
mize residual confounding by accounting for unmeasured
risk factors prior to labor market entry. In particular, we
adjusted for socioeconomic circumstances by multiple SES
indicators measured across the life course to comprehen-
sively account for the socioeconomic gradient in the risk of
depressive disorder. Additional strengths are the nationwide
cohort of young workers and the ability to follow individu-
als from the beginning of their work lives in order to avoid
downwards biased estimates due to healthy worker selection.

Some limitations should be noted. First, job control was
assessed using a JEM-based on job group, gender and age.
Although the JEM showed relatively good validity, indi-
cated by an ICC of 0.30 and higher job control scores in
individuals of high SES, the associations between job con-
trol and onset of depressive disorder estimated in this paper
should be interpreted in relation to occupational group, i.e.,
the risk of depressive disorder in employees in occupations
with lower job control compared to employees in occupa-
tions with higher job control. Exposure misclassification is
inherent in the JEM as some individuals employed in job
groups with high levels of job control have not actually expe-
rienced high job control and some individuals employed in
job groups with low levels of job control have not actually
experienced low job control. This misclassification is likely
to result in an underestimation of the actual association
between job control and depressive disorder. Two previous
studies have investigated the association between job control
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and depressive disorder using aggregated exposure measures
and results are inconclusive. One study [81] used a work-unit
aggregated measure of job control and found statistically
non-significant association between low levels of job control
and risk of depressive disorder. Another [82] used a JEM
and found no clear pattern in the association. Both studies
emphasize the risk of exposure misclassification inherent in
the aggregated exposure measure and attribute their lack of
findings to this, and to healthy worker selection concurrently.
Taken together, these studies suggest that although the use
of aggregated measures of job control ensures that findings
are not influenced by workers with pre-clinical depressive
symptoms tending to see their work environment more nega-
tively, results may be influenced by the problems inherited
in the use of aggregated exposure measure such as a JEM.
Following, results should be interpreted in light of the exist-
ing studies showing individual level associations between
self-reported job control and depressive disorder [13, 14].

Additionally, despite its strengths, the clinically based
outcome of depressive disorder may introduce bias with
respect to SES [83]. Many depressive episodes remain
untreated [84] or treated solely in primary care [85], and a
recent study found, that individuals in higher levels of SES
are more likely to receive treatment by a GP or a psycholo-
gist [86]. Therefore, it is possible that individuals in occupa-
tions with a high level of control (which are likely occupa-
tions with high SES) are more likely to receive treatment
outside the hospital and therefore less often receive a hos-
pital-based diagnosis of depressive disorder. Consequently,
our findings should be interpreted with caution regarding
higher levels of SES.
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