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Objectives   The aim of this study was to investigate associations between psychosocial working conditions, 
occupational groups defi ned by sector, and disability pension (DP) with mental diagnoses while accounting for 
familial confounding. 
Methods   A prospective population-based cohort study was conducted, including all Swedish twins who, in 
January 1993, were living and working in Sweden and not on old-age pension or DP (N=42 715). The twins were 
followed from 1993–2008 regarding DP. Data on DP, exposures, and covariates were obtained from national 
registries. Cox proportional hazards regression models with hazard ratios (HR) and 95% confi dence intervals 
(95% CI) were constructed for the whole cohort, and for discordant twin pairs.
Results   The associations for the whole cohort between DP with mental diagnoses and (i) job demands (HR 1.23, 
95% CI 1.06–1.43), (ii) job control (HR 0.91, 95% CI 0.83–0.99), (iii) healthcare and social work (HR 1.41, 95% 
CI 1.04–1.92), and (iv) service and military work (HR 2.07, 95% CI 1.37–3.14) remained after accounting for pos-
sible confounders, including familial factors, while the associations between DP and (i) social support, (ii) type of 
jobs, and (iii) some of the occupational groups were attenuated, becoming non-signifi cant. In the discordant twin 
pair analyses, commercial work was signifi cantly associated with lower risk of DP (HR 0.55, 95% CI 0.32–0.95).
Conclusions   One unit increase in job demands and working in the occupational groups healthcare and social 
work or service and military work seem to be risk factors of DP with mental diagnoses, independent from various 
background factors including familial ones. However, one unit increase in job control or working in commercial 
work seem to be protective factors of such DP, accounting for confounding factors of this study. 
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In general, work is considered to be positive for mental 
health (1, 2). However, work can also be a potential risk 
factor for mental ill-health in that it might contribute to 
the development of and/or prolong a mental disorder 
(3). A mental disorder may lead to sickness absence 
and even to permanent work incapacity giving rise to 
the granting of a disability pension (DP) (3). In recent 
decades, the incidences of both mental disorders (4) 
and DP due to mental diagnoses (5) have increased. At 
present, mental diagnoses constitute the most common 
reason for DP (5, 6). Still, there is a lack of studies of 
work-related risk factors for being granted DP due to 
mental diagnoses (7). 

Psychosocial working conditions can be risk factors 
of this kind and have often been measured using the Job 
Demand-Control-Support model (8–10). According to 
this model, jobs with high demands, low control, and/
or low social support, and jobs with a combination of 
high demands and low control (high strain) and low 
social support (iso strain) are associated with increased 
risks of sickness absence/DP due to mental diagnoses (7, 
11–18). In most of the previous studies of psychosocial 
working conditions, self-report surveys have been used 
to assess these factors (11, 15–19), but fewer studies 
have measured these working conditions by applying 
a validated job exposure matrix (JEM) (20–22), based 
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on mean scores of job demands and control and social 
support in different occupations. Moreover, only a few 
previous studies are based on population-based cohorts 
(23), which limits the generalizability of their fi ndings. 

Although the right to be granted DP is related to the 
individual’s work history, there are only a small number 
of studies (24–29) that have investigated the association 
between occupation and risk of DP. These studies have 
either investigated specifi c occupational groups (24–26), 
and/or have not taken DP diagnoses into account (27–
29). To the best of our knowledge, no previous studies of 
the association between occupation and risk of DP due 
to mental diagnoses have been published.

In observational studies, it is essential to account 
for potential confounding (30). Previous studies have 
established that female sex, older age, being unmarried, 
having children, lower socioeconomic status, and vari-
ous regional locations are associated with DP, in general 
and also due to mental diagnoses (7, 31–33). Hence, 
it seems important to account for these covariates in 
analyses of work-related risk factors for DP. 

Moreover, both mental disorders (34–36) and DP 
due to mental diagnoses (37, 38) have been shown to 
be moderately heritable in earlier studies. However, 
whether choice of occupation and, hence, type of work-
ing conditions are heritable or not has so far not been 
studied. Still it may be possible that genetics and shared 
environmental factors (familial factors) may confound 
the associations between occupational status, working 
conditions, and DP due to mental diagnoses. Familial 
factors can be controlled for by studying twin pairs 
who, in this case, are discordant for DP and occupation 
or psychosocial working conditions. This means that 
the twin pairs are matched for familial factors but differ 
in exposures (for example psychosocial working condi-
tions). Furthermore, it would be possible to clarify the 
underlying pathways in the associations if they differed 
in whether or not they had DP [see (39) for details of the 
study design]. If the familial factors are important, then 
an association of the whole cohort will be substantially 
different from the results of the discordant twin-pair 
analyses. Conversely, if the analyses of discordant twin 
pairs are similar to the associations of the whole cohort, 
then one can assume that factors specifi c to each indi-
vidual are more important. Only a handful of studies 
have used twin data in studies of DP (32, 33, 40–43), but 
none of these has studied psychosocial working condi-
tions or occupational groups as risk factors for DP due to 
mental diagnoses. Occupational affi liation has, however, 
been employed as a basis for establishing socioeconomic 
status in some of the earlier studies (32, 41, 42).

This study had two aims: to (i) study prospective 
associations between psychosocial working conditions, 
measured using a validated JEM, and occupational 
grouping and the risk of being granted DP due to mental 

diagnoses; and (ii) evaluate the infl uence of familial fac-
tors on these associations. 

Methods

Study design and population and register linkages/data 

collection

This study is based on data from a prospective twin 
cohort, the Swedish Twin Study of Disability Pension 
and Sickness Absence (STODS), which includes all 
twins born 1925–1958 in Sweden (N=59 893) (44). 
The twins were identifi ed in the Swedish Twin Registry 
(45), which provided information on date of birth, sex, 
pair identifi cation, and zygosity. Included in this study 
were twins who, on 1 January 1993, were alive, living in 
Sweden, <65 years old, not on old-age pension or DP in 
December 1992, and registered as working in November 
1990. The fi nal study population (twins born between 
1928–1958) constituted 42 715 individuals; of which 
17 281 were complete twin pairs [4154 monozygotic 
(MZ), 6072 same-sex dizygotic (DZ); 6214 opposite-
sex DZ, and 841 with unknown zygosity], and 8153 
single individuals. For the latter group, information on 
the co-twin was missing due to death, emigration, DP, 
early old age pension, or not registered as working in 
1990. The twins were 32–62 (mean 45) years of age in 
1990. During follow-up, the twin individuals delivered 
person time in days up until death, emigration, reaching 
65 years of age, old-age pension, DP, or end of follow-
up (31 December 2008). 

Data on DP, including date and diagnosis, were 
obtained from the Swedish Social Insurance Agency 
(44). Date of death was obtained from the Causes of 
Death Registry. All other data were obtained from Sta-
tistics Sweden. The Regional Ethical Review Board in 
Stockholm approved the study (2007/524-31).

Disability pension

For this study, the outcome of concern was defi ned 
as being granted DP due to mental diagnoses during 
follow-up 1993–2008. Mental diagnoses were encoded 
using the 9th and 10th revisions of the International Clas-
sifi cation of Diseases (ICD) (46), with translation of the 
ICD-9 codes into ICD-10 (F00-F99). Information about 
DP diagnosis was missing in 1% of the DP cases.

Occupation and psychosocial working conditions

Occupations were encoded according to the Nordic 
Standard of Occupational Classifi cation (NYK, version 
1985), encompassing a total of 320 occupational 3-digit 
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codes (21).We used these codes to effect a categorization 
into eight different sector-based occupational groups, 
namely: technology, science, social science, and art 
(NYK-codes 000–099); healthcare and social work 
(NYK-codes 100–199); administration and manage-
ment (NYK-codes 200-299) [reference group (27, 29)]; 
commercial work (NYK-codes 300–399); agriculture 
forestry, and fi shing (NYK-codes 400–499); transport 
(NYK-codes 600–699); production and mining (NYK-
codes 500–599 and 700–899); and service and military 
work (NYK-codes 900-989). 

Psychosocial working conditions were assessed on 
the basis of the Job Demand-Control-Support model 
(8–10) and measured by applying a validated JEM, which 
is based on data from the Swedish Work Environment 
Survey 1989–1997 (N=48 894), to the 320 occupational 
codes (20–22). Each twin in the cohort was assigned a 
separate mean score (range 0–10), based on occupation, 
sex, and age for job demands and control and social 
support, respectively. These mean scores were then used 
as continuous variables in the analyses. For each of the 
dimensions, higher scores meant more favorable charac-
teristics (low demands, high control, and high support), 
while lower scores indicated the opposite. For descriptive 
purposes, the mean scores of each working conditions 
were split into quartiles and medians (47, 48). To measure 
type of jobs, the medians of job demands and job control 
were combined (47) into a 2 × 2 table with four catego-
ries: (i) high strain (high demands, low control), (ii) low 
strain (low demands, high control) (reference group), (iii) 
active (high demands, high control), and (iv) passive (low 
demands, low control). In addition to the above catego-
ries, a fi fth category was defi ned by adding the dimension 
of low social support to high strain: iso strain. 

The following covariates were included in the analy-
ses of the whole twin cohort with psychosocial working 
conditions and occupational groups in relation to DP 
due to mental diagnoses: sex (with men as reference 
group), age (birth year), education (number of years of 
study), marital status [married (reference group) versus 
non-married], children living at home [no children liv-
ing at home versus children living at home (reference 
group)], and type of living area [urban/semi-urban area 
(reference group)  versus semi-rural/rural area) (49).

Statistical analysis

Descriptive statistics were calculated, and hazard ratios 
(HR) with 95% confi dence intervals (95% CI) were 
estimated using Cox proportional hazards regression 
models for the twins in the whole cohort. The underly-
ing timescale started at point of inclusion in the study, 
and time was measured in days. The proportional haz-
ards assumption was tested by examining the log-log 
curves for each categorical factor, and all the curves 

were found to be acceptably parallel. To account for 
the infl uence of within-pair dependency on standard 
errors, the analyses were clustered on pair identity. Dif-
ferent strategies for censoring were adopted, but since 
there were minor differences between the strategies, 
we present here only the results of analysis censoring 
for no DP and other DP diagnoses. The HR were cal-
culated for men and women separately, but since there 
were no major differences between the sexes based on 
similarity of HR and overlapping CI, we combined 
men and women in the further analyses although we 
adjusted all analyses for sex. The Cox models were fi rst 
adjusted for sex and age (base model) and then for all 
the covariates (full model). Furthermore, to investigate 
the potential effect of psychosocial working conditions 
on the association between occupational groups and DP 
we included the continuous variables of psychosocial 
working conditions in the full model of occupational 
groups. Finally, interactions between job demands 
and control and social support were tested in models 
without other covariates. The statistical signifi cance of 
the interaction terms was tested by the log-likelihood 
ratio test.

Thereafter, discordant twin pair analyses were 
performed using conditional Cox proportional hazards 
regression models, including only complete MZ and 
same-sex DZ twin pairs. The conditional Cox analyses 
were stratifi ed by pair identity, allowing each twin 
pair their own baseline hazard; hence, the time to DP 
was studied in relation to the corresponding follow-up 
time for the co-twin. Only those twin pairs discordant 
on both DP and exposure contributed information to 
these analyses. First, we ran the analyses for MZ and 
DZ together to see whether there was any infl uence of 
familial factors on the associations between DP and 
(i) psychosocial working conditions and (ii) occu-
pational groups. If the associations from the whole 
cohort, for example, attenuated or changed direction 
in the discordant twin pair analyses, it would suggest 
the presence of familial confounding, mainly from 
shared early environmental factors (50). Second, we 
ran the analyses stratifi ed by zygosity. If an associa-
tion from the whole cohort was found to be weaker but 
still remained among discordant DZ twin pairs, and 
is to a larger extent attenuated for MZ twin pairs, this 
would indicate the presence of genetic confounding 
(50). However, since there were no major differences 
between MZ and DZ twins, based on similarity of HR 
and overlapping CI, we decided to present the results 
for all twins together. The number of discordant twin 
pairs for DP due to mental diagnoses were 188 for 
MZ pairs and 323 for DZ pairs. All statistical analy-
ses were carried out using SPSS version 20 (SPSS 
Institute, Chicago, IL, USA) and STATA version 11 
(StataCorp, College Station, TX, USA). 
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Results

In total, the twin individuals delivered 1.92 million 
person-days at risk of DP during follow-up from 1993–
2008. The mean follow-up time was 12 years, and 7709 
individuals (18%) were granted DP during follow-up. 
Of all DP, 1420 (18%) were due to mental diagnoses. 
Depression (F30-F39) and anxiety (F40-F48) diagnoses 
constituted 74% of the mental diagnoses, and schizo-
phrenia (F20-29) (8%) and substance abuse (F10-F11) 
(7%) were the next largest diagnostic groups. More 
women than men were granted DP due to a mental diag-
nosis (63%), and mean age at DP due to mental diagno-
sis was 56 [standard deviation (SD) 6.0] years (table 1).

Psychosocial working conditions 

In the base models, each one unit increase in social 
support (HR 1.12, 95% CI 1.01–1.24) was signifi cantly 
associated with an increased risk of DP due to mental 
diagnoses, while each one unit increase in job control 
(HR 0.91, 95% CI 0.87–0.96) was associated with a 
decrease in DP of this kind during follow-up (table 2). 
These associations remained after further adjusting for 
education, marital status, children living at home, and 
type of living area. Furthermore, in these fully adjusted 
models, job demands became statistically signifi cantly 
associated with DP (HR 1.11, 95% CI 1.02–1.22). In 
the discordant twin pair analyses, the associations of 
job demands and control with DP remained and even 
became more strengthened for job demands, while the 
association of social support with DP was attenuated, 
becoming non-signifi cant.

In the models including interactions between the 
three dimensions of working conditions, job demands × 
social support (P<0.05) and job control × social support 
(P<0.001) turned out to be statistically signifi cant.

Having a job characterized as passive (HR 1.26, 
95% CI 1.05–1.50) or iso-strained (HR 1.41, 95% CI 
1.12–1.77), compared with a job characterized as low 
strain, was associated with increased risk of DP due to 
mental diagnoses (after accounting for age and sex in the 
models). These associations were attenuated somewhat 
in the fully adjusted models and were non-signifi cant in 
the discordant twin pair analyses.

Occupational groups 

In the base models, all the sector-based occupational 
groups, with the exceptions of commercial work and 
agriculture, forestry, and fi shing, were associated with 
DP due to mental diagnoses (table 2). After account-
ing for education, marital status, children living at 
home, type of living area, and psychosocial working 

conditions, only the occupational groups healthcare 
and social work (HR 1.41, 95% CI 1.17–1.70) and 
technology, science, social science, and art (HR 1.29, 
95% CI 1.06–1.57) were still associated with DP. In 
the discordant twin pair analyses, the associations of 
the occupational groups healthcare and social work and 
service and military work with DP remained, while the 
occupational group commercial work became statisti-
cally signifi cantly associated with a lower risk of DP 
(HR 0.55, 95% CI 0.32–0.95). 

Discussion

This study of a large population-based cohort of twins 
adds to already-existing knowledge, based on unrelated 
individuals, of psychosocial working conditions and 
sector-based occupational groups as potential risk fac-
tors for DP due to mental diagnoses. On the one hand, 
we found that each one unit increase in job demands or 
control and having a job in either healthcare and social, 
service and military, or commercial work were inde-
pendent predictors of DP due to mental diagnoses. On 
the other hand, we found that familial factors seem to 
infl uence the associations between DP and (i) each unit 
increase in social support and type of jobs and (ii) the 
occupational groups technology, science, social science, 
and art and production and mining. 

Our fi nding that a one unit increase in job control 
was independently associated with a decreased risk of 
DP due to mental diagnoses confi rms earlier studies (11–
19, 51). However, the results that each one unit increase, 
rather than a decrease, in job demands or social support 
predict a higher risk of DP contradict those of previous 
fi ndings (13, 17, 31, 52). Nevertheless, only the associa-
tion of job demands with DP seems to be direct; hence 
not infl uenced by factors shared by the twins, such as 
family social background or norms or values of the fam-
ily. One explanation for these contradictory results may 
be the application of a validated JEM (20–22), while the 
majority of other studies (11, 15–19) used individually 
reported data on experiences of such exposures. Also, 
previous studies have mainly studied these working con-
ditions as categorical (median split, quartiles) rather than 
as continuous variables and have, therefore, only been 
able to capture variation within the different categories 
(11, 15–19, 47). Another explanation is that since the 
information about psychosocial working conditions was 
based on sector-based occupations, adjusting for occupa-
tion to account for the infl uence of socioeconomic status 
was not possible. Instead, we used education as a proxy 
for socioeconomic status in the models. 

When it comes to types of jobs, our fi ndings both 
confi rm and contradict those of previous studies. In 
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 Table 1. Descriptives for covariates and exposures in the cohort, specifi ed for individuals granted disability pension (DP) with mental 

diagnosls, DP with other diagnoses, and had no DP during follow-up 1993–2008 (N=42 715). [MZ= monozygotic; DZ= dizygotic]

DP with mental diagnoses (N=1420) DP with other diagnoses (N=6289) No DP (N=35 006)

N % a Mean Range Median N % a Mean Range Median N % a Mean Range Median

Sex

Men 530  37 2745 44 18 323  52 

Women 890  63 3544  56 16 683  48 

Zygosity

MZ 294  20 1353  22 8058  23 

DZ same-sex 467  33 2140  34 12 232  35 

Unknown 139  10 449  7 1911  6 

DZ opposite-sex 520  37 2347  37 12 805  37 

Age groups in 1990 (years)

32–44 828  58 2286 36 18 425 53 

45–54 537 38 3165 50 11 033 31 

55–62 55 4 838 13 5548 16 

Marital status

Married 677 48 4091 65 23 405 67 

Unmarried 743 52 2198 35 11 601 33 

Children living at home

Yes 817 58 3530 56 21 985 63 

No 603 42 2759 44 13 021 37 

Education
High (≥13 years) 394 28 781 13 8866  25 
Intermediate  10–12 years) 595  42 2658  42 14 751  42 
Low (≤9 years) 431  30 2850  45 11 389  33 

Type of living area

Urban/semi-urban 1031  73 4028  64 24 172  69 

Semi-rural/rural 389  27 2261  36 10 834  31 

Psychosocial working 
conditions

Job demands 6.05 3.23–8.09 6.19 6.27 3.64–8.46 6.32 6.00 3.23–8.46 6.09

Job control 6.42 2.30–9.05 6.62 6.19 0.82–9.15 6.32 6.66 0.82–9.48 6.84

Social support 6.48 3.58–7.75 6.48 6.40 3.44–8.71 6.43 6.33 3.44–7.99 6.32

Psychosocial working 
conditions (quartiles)

Job demands 

Lowest quartile  (<25%) 402  28 1026 16 10003 29 

25–50% 305 22 1447 23 8966 25 

50–75% 360 25 1729 28 8261 24 

Highest quartile (>75%) 353 25 2087  33 7776  22 

Job control

Lowest quartile  (<25%) 356  25 2151  34 7842  22 

25–50% 452  32 1732  27 8690  25 

50–75% 348  24 1433  23 8833  25 

Highest quartile  (>75%) 264  19 973  16 9641  28 

Social support

Lowest quartile (< 25%) 260  18 1472  24 8881  26 

25–50% 318  22 1347  21 9127  26 

50–75% 411  29 1636  26 8805  25 

Highest quartile (>75%) 431  31 1834  29 8193  23 

Type of jobs b

High strain 164  12 869  14 4923  14 

Low strain 125  9 369  6 2727  8 

Active 448  31 1537  24 13 551  39 

Passive 549  39 2947  47 11 114  32 

Iso-strain 134  9 567  9 2691  7 

Occupational groups

Administration and 
management 

206  15 670  10 5969  17 

Technology, science, 
social science and art 

250  18 662  10 6372  18 

Healthcare and social work 353  25 1259  20 5966  17 
Commercial work 75  5 415  7 2777  8 
Agriculture, forestry, and 
fi shing

34  2 233  4 1381  4 

Transport 71  5 415  7 1842  5 

Continued
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line with two recent Belgian studies (15, 53), we found 
that, among all twins in the cohort, having a passive or 
iso-strain job predicted higher risks of DP due to mental 
diagnoses than a low-strain job. However, these associa-
tions disappeared after accounting for the infl uence of 
familial factors. This would be a sign that factors shared 
by the twins, for instance family socioeconomic status, 
are of importance for those associations. In contrast 
with a recent Finnish study (54), which also applied a 

Table 1. Continued

DP with mental diagnoses (N=1420) DP with other diagnoses (N=6289) No DP (N=35 006)

N % a Mean Range Median N % a Mean Range Median N % a Mean Range Median

Production and mining 272  19 1769  28 7400  21 

Service and military work 159  11 866  14 3299  10 

a Column percentage.
b Based on median split.

 Table 2. Associations of psychosocial working conditions, and occupational groups, with disability pension (DP) due to mental diagno-

ses for the total cohort (N=42 715), and discordant twin pairs (N=511) during follow-up 1993-2008. [HR= hazard ratio; 95 % CI= 95% 

confi dence interval]

Exposures Cox proportional hazards 
regression models

Conditional Cox proportional hazards
regression models

Whole cohort Discordant twin pairs a

Base model b Full model c

HR 95% CI HR 95% CI Twin pairs (N) HR 95% CI

Psychosocial working conditions d

Job demands 1.07  0.98–1.15 1.11  1.02–1.21 262 1.23  1.06–1.43 

Job control 0.93  0.89–0.97 0.91  0.87–0.96 302 0.91  0.83–0.99 

Social support 1.12  1.01–1.24 1.12  1.01–1.24 197 1.00  0.79–1.23 

Types of jobs e 289

Low strain (N=164) 1.00 1.00 1.00

High strain (N=259) 0.96  0.75–1.22 0.89  0.70–1.14 0.65  0.41–1.03 

Active (N=448) 0.97  0.81–1.16 0.90  0.74–1.08 0.78  0.56–1.08 

Passive (N=549) 1.26  1.05–1.50 1.26  1.05–1.51 1.04  0.76–1.44 

Iso-strain (N=134) 1.41  1.12–1.77 1.31  1.04–1.65 1.09  0.76–1.44 

Occupational groups 306

Technology, science, social science, 
and art (N= 250)

1.29 1.07–1.56 1.29 1.07–1.56 0.91 0.64–1.30

Healthcare and social work (N=353) 1.44 1.21–1.71 1.41 1.16–1.70 1.41 1.04–1.92

Administration and management 
(N=206)

1.00 1.00 1.00

Commercial work (N=75) 0.90 0.69–1.17 0.87 0.66–1.14 0.55 0.32–0.95

Agriculture, forestry, and fi shing 
(N=34)

0.97 0.68–1.40 0.90  0.60–1.35 1.09 0.46–2.56

Transport (N=71) 1.36 1.04–1.80 0.98 0.69–1.40 1.52 0.88–2.60

Production and mining (N= 272) 1.34 1.10–1.63 1.06 0.83–1.36 1.11 0.75–1.66

Service and military work (N= 159) 1.40  1.14–1.72 1.15 0.91–1.47 2.07 1.37–3.14

a Adjusted for age, sex, genetics and shared environment. 
b Adjusted for age (continuous) and sex.
c Occupational groups are adjusted for age, sex, living with children, marital status, education, type of living area and working conditions (continuous). 

Working conditions and types of jobs are adjusted for age, sex, living with children, marital status, education, and type of living area.
d One unit increase on a 10-degree scale means fewer demands, more control, and more support.
e Based on median split.

JEM to the data and found an association between high 
job strain and DP due to depression among women (HR 
1.24, 95% CI 1.00–1.53), there was no such association 
in our study. This contrast may be due to differences in 
study designs and participants; that is, the Finnish study 
was based on municipal workers with shorter follow-up 
time (fi ve years), only included one mental diagnosis 
(ie, depression), and did not take account of familial 
confounding.
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In line with two other studies (28, 29), we found that 
working in healthcare and social work or service and mili-
tary work were independent risk factors of being granted 
DP due to mental diagnoses, even after accounting for 
potential familial confounding, for instance shared social 
background. One possible explanation for these fi ndings 
is that these occupational groups are numerically female 
dominated, and working in a female-dominated sector has 
been found to be a risk factor for sickness absence with 
a mental diagnosis (55, 56). Also, these two sector-based 
occupational groups included occupations (ie, nurses and 
cleaners) that are known to be associated with mentally 
and/or physically challenging working conditions includ-
ing low control and uncomfortable working positions 
and/or heavy lifting (57–60). Commercial work became 
signifi cantly associated with DP due to mental diagnoses 
after accounting for familial factors, suggesting that 
engaging in such work is an independent protective fac-
tor of such DP. However, in the associations between DP 
and the occupational groups technology, science, social 
science, and art and production and mining there may 
be some familial confounding, suggesting selection (eg, 
by social background) into these occupational groups. 
Finally, the association between the transport work and 
DP was mainly related to other background factors from 
adulthood, including education, marital status, and psy-
chosocial working conditions rather than familial factors. 
In future studies, more precisely determined occupational 
groups and a larger cohort would further clarify these 
associations and any infl uential factors.

Strengths and limitations

The main strengths of this study are the large sample 
(N=42 715), the long follow-up (mean 12 years), the use 
of twin data that made it possible to account for potential 
familial confounding, the prospective cohort design, and 
the use of high-quality, population-based registry data 
with no loss to follow-up. A further strength is access 
to information on diagnosis-specifi c DP, which is not 
common. Moreover, we accounted for the infl uence 
of several known risk factors for DP in the analyses 
(31–33, 51). The inclusion of information about children 
living at home, marital status, education, and type of 
living area in the models resulted in almost unaltered 
risk estimates for the association between psychosocial 
working conditions and DP due to mental diagnoses. 
This suggests that these associations are independent of 
these background factors. However, further adjusting the 
full model with occupational groups for psychosocial 
working conditions attenuated some of the associations 
found between occupational groups and DP. We also 
used a JEM to obtain more comprehensive informa-
tion on job demands and control and social support. 
By applying occupation-rated mean scores of working 

conditions, we were able to avoid reporting bias related 
with health (3). Furthermore, the matrix has been vali-
dated by correlating attributed scores with self-reported 
equivalents for the separate working conditions and by 
comparing attributed and self-reported scores on sev-
eral health outcomes (back pain, sleep disturbance, and 
mortality). The agreements were found to be moderate 
for job control and somewhat lower for job demands 
and social support (20). This might partially explain 
the differing result of this study regarding job demands 
and social support. Nevertheless, since this is the fi rst 
time this matrix is used in studying DP due to mental 
diagnoses, more studies are needed to confi rm the fi nd-
ings of this study. 

Partially related to the JEM, a limitation of the study 
is the coding of occupational groups. In the Nordic 
Standard Occupational Classifi cation system, similar 
occupations are grouped together without consider-
ation of individual differences, such as educational 
level, or employment status (whether employed or self-
employed, or short-term or permanent position). Hence, 
some occupational groups may, at the same time, be 
exposed to both harmless and/or hazardous occupational 
exposures (28). Nevertheless, we believe that some of 
these differences were addressed by adjusting for years 
of education. It is well known that highly educated 
people work in occupations with, for instance, better 
working conditions, and salary levels compared to indi-
viduals with lower education (61). A second important 
limitation is that we had no baseline information regard-
ing morbidity or health status. Thus, the results may be 
biased by unmeasured confounding from ill-health (12). 
However, two recent observational studies of associa-
tions between self-rated health, social class, and future 
DP (62, 63) found only weak contributions of ill-health 
and/or health behavior for these associations. A third 
limitation is that information on occupation, including 
working conditions, was only available at baseline: we 
were, therefore, unable to account for changes during 
follow-up. Fourth, despite the large sample size, we 
lacked power in the discordant twin pair analyses. Hence 
the interpretations of these analyses merit caution. 

Concluding remarks

In this study, it was found that one unit increase in 
the psychosocial working condition job demands and 
working in either healthcare and social work or service 
and military work appear to be risk factors of DP due 
to mental diagnoses, independent of age, sex, marital 
status, having children, educational level, type of living 
area, working conditions, or familial factors. One unit 
increase in the psychosocial working condition job con-
trol or being employed in commercial work, however, 
seem to be direct protective factors of such DP, even 
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after accounting for various background factors and 
familial confounding. Nevertheless, there also seems to 
be some complexity in the associations between psycho-
social working conditions, occupational groups, and DP 
since not all were independent of the effect of familial 
confounding. Hence, it may be assumed that there are 
some prerequisites related to familial factors that may 
infl uence the associations of DP due to mental diagnoses 
with some of the psychosocial working conditions and 
occupational groups.
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