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Abstract

Purpose: Little is known about the interaction between job control and social support at work on
common mental disorders. To examine whether there is a synergistic interaction effect between
job control and social support at work on general psychological distress and whether it differs by
the level of job demands.

Methods: 1,940 male and female workers from the Malmo Shoulder and Neck Study were
chosen for this cross-sectional study. Job control, social support at work, and job demands were
measured by the Swedish version of the Job Content Questionnaire and general psychological
distress was assessed by the General Health Questionnaire.

Results: A significant excessive risk increase for general psychological distress was observed
when workers had both low job control and low social support at work in both men and women.
The synergistic effect was stronger in women, when job demands were low (Rothman’s synergy
index was 2.16 vs. 1.51 when job demands were high). However, in male workers, while a strong
synergistic effect between job control and social support at work was found when job demands
were low (synergy index was 9.25), there was an antagonistic effect when job demands were
high (synergy index was 0.52).

Conclusions: There was a synergistic interaction effect between job control and social support
at work on general psychological distress, but the synergistic effect or its effect size differed by
the level of job demands and gender. An atomic, additive approach to the risk assessment of the
psychosocial work characteristics on common mental disorders could be misleading or lead to a
risk underestimation.
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1. Introduction

Common mental disorders (ie. mild to moderate depressive and anxiety disorders,
Stansfeld and Candy 2006) at workplaces have imposed economic and social burdens on the
whole society as leading factors of increasing sickness absence and disability cost in Western
industrialized countries (Beck and Koenig 1996; Houtman 2005; NIOSH 2004; Schaufeli and
Kompier 2001). Adverse psychosocial work characteristics such as low job control, high job
demands, and low social support at work have been reported as risk factors for poor mental
health in several longitudinal epidemiological studies (Biiltmann et al. 2002; Marchand et al.
2005; Niedhammer et al. 1998; Stansfeld et al. 1998; Stansfeld et al. 1999; Wang and Pattern
2004).

However, relatively little is known about whether the combined risk of the three adverse
psychosocial work characteristics for common mental disorders is additive (ie. a simple sum of
its components’ risks), or if they act as effect modifiers for each other [synergistic (ie. greater
than the simple sum), or antagonistic (ie. less than the simple sum)]. In particular, the following
questions have been rarely asked: whether there is a meaningful interaction between job control
and social support at work on common mental disorders; and whether the interaction will differ
by the level of job demands. For instance, recent meta-analyses about psychosocial work
characteristics and common mental disorders are mute to the above questions (Bonde 2008;
Netterstrom et al. 2008; Stansfeld and Candy 2006).

These questions are important for accurate risk assessments (Rothman 1986; Thompson
1991) of the psychosocial work characteristics for common mental disorders, for instance, the
combined risk of the psychosocial work characteristics could be substantially underestimated

under the additive assumption. In addition, they are essential in terms of targeting of intervention



(Thompson 1991), for instance, the benefit of an intervention (ie. eliminating a risk factor) could
be greater in those who are subject to multi-risk factors under the synergistic assumption.
Furthermore, they would be informative in understanding complex mechanisms of the
psychosocial work characteristics to common mental disorders as well as evaluating

contemporary job stress models.

Job stress models and the interaction between job control and social support at work

Some contemporary work stress models such as the demand-resource (DR) models (de
Jonge and Dormann 2003; Demerouti et al. 2001) and demand-control-support (DCS) model
(Johnson and Hall 1988; Karasek et al. 1982) include job control and social support at work as
their key concepts. Nonetheless, none of them propose a specific hypothesis on the relationship
between job control and social support at work with regard to health outcomes. Although job
control and social support at work are each regarded as the component of resources in the DR
models to meet job demands, no due attention is given to the nature of the interaction (ie.
additive vs. non-additive) between the resources on health outcomes. The DCS model was
developed by incorporating social support at work into the demand-control (DC) model (Karasek
1979). However, the focus of the model is the interaction between social support at work and job
strain (as one variable consisted of job control and job demands, usually dichotomized for
analysis into high and low strain) on health outcomes. As a result, the interaction effects between
job control and social support at work and between job demands and social support at work on
health outcome become the out-of-focus areas in the model.

Johnson (1991) came up with a new theoretical concept, collective control, a synthesis of

the two concepts of job control and social support at work that had been studied separately,



which is also in line with the idea of Gardell (1982, p. 35): “By combining collective influence in
management decision making with the formation of autonomous groups...the individual and the
group will be able to achieve enlarged control over the work system and the work methods.” The
concept, collective control, emphasizes a dialectical interrelationship between job control and
social support at work [as a property of a group of workers - workers’ solidarity - against
managerial control (Aronsson 1989; Grzyb 1981)]. Collective control could be related with
workers’ health in various ways (Johnson 1991), for instance, it can alter the level of job
demands directly (eg. through a collective bargaining), modify the detrimental health impact of
job demands (eg. provision of emotional support), or affect workers’ health through fulfilling
basic human needs such as companionship and need for control, independent of job demands.
The collective control concept implies that there could be a synergistic interaction
between job control and social support at work on common mental disorders. However, the
concept does not allow a testable prediction as to whether, if any, the synergistic interaction will
differ by the level of job demands. With regard to the nature of the interactions in the DCS
model, Kasl (1996) also argued to test and present all possible interactions between job control,
job demands, and social support at work on health outcomes. Furthermore, Schaubroeck and
Fink (1998) suggested paying attention to the interaction between job control and social support
at work on work performance and well-being, as one reason of the inconsistent findings in tests

of the DC model.

The aims of this study
To our knowledge, few studies have examined explicitly and specifically the synergistic

interaction effect between job control and social support at work on common mental disorder and



its dependence on the level of job demands in both male and female workers. Some investigators
(Johnson and Hall 1988; Landsbergis et al. 1992) reported synergistic effects between job control
and social support at work on cardiovascular diseases and job dissatisfaction when job demand
was low, but the synergistic effects were not observed when job demand was high. The
combination (ie. called ‘resources’) of low job control, low social support at work, and low job
rewards was a strong predictor for depression and anxiety in a subsample (n= 85) of the
Whitehall IT Study, while none of the risk factors examined separately was a significant predictor
for depression and anxiety (Griffin et al. 2007). The Hordaland Health Study (Sanne et al. 2005a)
implied, albeit not tested, a synergistic interaction between job control and social support at work
for depression and anxiety in both men and women when the level of job demands was high.

In this study, we investigated a synergistic interaction effect between job control and
social support at work on general psychological distress using a large Swedish male and female

working population from the Malmé Shoulder and Neck Study (MSNS) (Ostergren et al. 2005).

2. Materials and Methods

Design and population

For this cross-sectional study, 1,035 male and 905 female workers (Table 1) were chosen
from the MSNS cohort who completed both the baseline and follow-up MSNS questionnaires.
The MSNS cohort consists of men and women, residing in the city of Malmé (240 000
inhabitants), Sweden, who were between 45 and 65 years of age in 1991, and who were recruited
into the larger Malmo Diet and Cancer Study (MDCS) (Manjer et al. 2001) from February 1992
to December 1994. The cohort was recruited during the major political and financial crisis period

of the Swedish society, for instance, unemployment rate dramatically increased from 1.7 % in



1990 to 9.4 % in 1994 (OECD 2006). Comparison with a public health survey (Lindstrom et al.
2001), covering 74.6% of the same age cohort, suggests that the MDCS population sample was
selected towards better health than in the general population (Manjer et al. 2001). The
participants in the original MDCS (n=14,555; participation rate, 40.8%) filled in a baseline (T)
questionnaire. After about one year (mean follow-up time, 403 days; standard deviation, 49), a
follow up (T,) questionnaire was mailed to the baseline participants. 12,607 males and females
returned the follow-up questionnaire. Non-respondents were younger, less educated, and than
respondents, but there were no gender differences between respondents and non-respondents.
Unfortunately, information on general psychological distress was not measured in the
baseline study so it was not possible to perform a longitudinal analysis. For this cross-sectional
study, we first excluded those with any of the following conditions at follow-up: the persons
whose position or occupation was changed substantially during the follow-up, who worked less
than 30 hours per week, who were on a sick leave, or who did not have valid information on the
mental health, psychosocial work characteristics, family to work conflict, stress from outside-
work, and worry due to family members (see below). Thus 4,667 workers (2,324 men and 2,343
women) at follow-up were initially selected for this study. Second, we further restricted study
subjects to those (4,236 workers: 2,159 men and 2,077 women) at follow-up who had been also
vocationally active at baseline in order to assure work exposures between T; and T». In detail, the
persons with any of the following characteristics at baseline were excluded: persons 65 years old
or older, persons who worked less than 30 hours per week, persons who were on long time (>1
year) sick leave, or whose information about psychosocial work characteristics were missing.
Third, we additionally excluded 2,296 workers (1,124 men and 1,172 women) at follow-up who

had been relatively unhealthy at baseline as a way to remove possible impact of poor health



status at T on the association between psychosocial work characteristics and general
psychological distress at T: those who had had shoulder, neck, or lumbar pain ‘often’ or ‘all the
time’ during the previous 12 months; who had been treated for any of the following chronic
diseases: myocardial infarction, stroke, claudicatio intermittens, high blood pressure, diabetes
mellitus, goiter, gastric ulcer, cancer, asthma, rheumatoid arthritis, inflammatory bowel disease,
and renal calculi; or whose self-rated health (Eriksson et al. 2001) at baseline was poor -
measured by one question (“How do you feel right now, physically and mentally, considering
your health and wellbeing), with seven response options from very bad to very good (the first
three options were categorized into “poor” self-rated health). Several investigators (Bongers et al.
1993; Hotopf et al. 1998; Stansfeld et al. 1993) have reported the comorbidity between physical
and mental illnesses and their bidirectional causality.

The final study subjects of this study were selected from the above three procedures:
1,940 workers (1,035 men and 905 women) at follow-up who had been relatively healthy at
baseline. There were no substantial differences in age and sex between the relatively healthy
workers (n=1,940) and unhealthy workers (n=2,296). However, the unhealthy group of workers
was significantly less educated than the healthy group of workers. To see the impact of the above
third procedure on study results, we also conducted analyses with the 4,236 workers (called
alternative study group 1) including both the relative healthy and unhealthy groups of workers
and only with the relatively unhealthy group of workers (n=2,296; called alternative study group

2).



Outcome variable at follow-up

The 30-item version of the General Health Questionnaire, an instrument developed as a
screening tool for detecting non-psychotic psychiatric illness (Goldberg 1972), was used to
assess common mental disorders at follow-up. Each item has four response options such as
“better than usual,” “the same as usual,” “less than usual,” and “much less than usual.” The items
were scored using the “GHQ-scoring” method (0-0-1-1) and the standard threshold score of > 5
was used to define the GHQ case, in this paper labeled general psychological distress. In
addition, a continuous scale for the GHQ-30 was created based on the original response category
(1-2-3-4) for a simple correlation analysis (see Table 2) and its reliability was high (Cronbach

alphas, 0.91 and 0.94 for men and women, respectively).

Exposure variables — psychosocial work characteristics

Job control and psychological job demands were assessed at both T, and T, by a Swedish
version (Sanne et al. 2005b) of the Job Content Questionnaire (JCQ) (Karasek et al. 1985). Job
control and psychological job demands scales were composed of six and five items, respectively,
to which the individuals replied on a four-Likert type response set (ie. never to often). For the
JCQ equivalent scores, comparability-facilitating algorithms from a specific population-based
comparative study (Karasek et al. 2007) were applied to the original two scales. The converted
job control (Cronbach alphas, 0.66 to 0.69 for men and women) and job demands (Cronbach
alpha, 0.70 to 0.74 for men and women) scales at both T; and T, were then dichotomized into
high and low job control and demands, respectively, at their baseline means in a larger MSNS
population (n=7,130; age 45-64, working more than 30 hours, and sick-listed less than one year).

Social support at work (Cronbach alphas, 0.91 to 0.90 for men and women) was measured at



both T; and at T, by the six standard items about coworker and supervisor support in the Swedish
version of the JCQ (Sanne et al. 2005b). The six-item scale was additionally dichotomized (high
vs. low) at its mean for analyses.

Only 484 of 1,035 (46.8%) males and 405 of 905 (44.8%) females had a consistent
exposure history of all of the three psychosocial work characteristics between T, and T, for
instance, high job control, low job demands, and high social support at work at both T; and T».
53.2% of males and 55.2% of females had a changed exposure history of at least one of the three
psychosocial work characteristics between T, and T, for instance, high job control and low job
demands at both T, and T, but high social support at work only at T1 (and low social support at
T,). The history of the three psychosocial work characteristics (ie. consistent vs. changed) was

considered as a covariate in multivariate logistic regression analysis (see below).

Sociodemographic and other covariates

Age at baseline was considered for analyses. The classification of country of origin at
baseline consisted of a simple dichotomy between individuals born in Sweden and those born in
other countries. Marital status at baseline was used as a dichotomous variable (married and
others: unmarried, divorced, or widowed). Education level at baseline was determined by the self
reported total years of formal education used in the analyses as a dichotomous variable (up to 12
years and > 12 years). The total number of days on sick leave during the last 12 months was
measured at follow-up by one question. It was then divided into two groups (< 3 days and > 4
days) for analysis. Family-to-work conflict was measured at follow-up by four questions (eg.
“family worries or problems distract you from your work™) (Chandola et al. 2004). Family-to-

work conflict scores ranged between 4 (no conflict whatsoever) and 12 (maximum conflict). The
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distribution shape of the scores was skewed so the scores were dichotomized for analysis at 6
points. Stress from outside-work demands/problems at follow-up was measured by one question
(yes or no). Worry due to family members (eg. parents, parents-in-law, etc.) at follow-up was
measured by one question on a five Likert-type response set (always to never). The highest two
responses (always and often) were summed up for defining the group of ‘worry due to family’ in

this study.

Statistical methods

The relationships between the psychosocial work characteristics and psychological
distress was first examined by Spearman correlation coefficients. The proportion changes of low
job control, high job demands, and low social support at work between T; and T, were compared
by paired (repeated measures) t-tests. At first, heuristically the independent effects of the
psychosocial work characteristics (at T,) on general psychological distress (at T,) were
investigated through a series of multivariate logistic regression analyses (Model 1: only with the
three psychological work characteristics; Model 2: additionally with age, marital status, origin of
country, and education; and Model 3: additionally with age, marital status, origin of country,
education , family to work conflict, stress from outside-work problems, worry due to family
members, number of days on sick-leave, and the history of the psychosocial work characteristics).

Then the synergistic interaction effect of job control and social support at work on
general psychological distress was investigated after creating three dummy variables for the
following four (2x2) conditions: High control and High support (the reference condition); High
control but Low support; Low control but High support; and Low control and Low support. The

foci of the examinations were whether the effects of the three non-reference working conditions
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on general psychological distress were significant and whether they were consistent with the
results under the above no-interaction model. Then quantitatively, synergistic interaction was
evaluated to be present if the effect of the combination of the both exposures was more than
additive (synergy index, S > 1, see Figure 1) (Rothman 1986), compared to their independent
effects. Antagonistic interaction was defined as S < 1 (Rothman 1986). The confidence interval
(CI) of synergy index was estimated with the method (Hosmer and Lemeshow 1992). An
asymptotic covariance matrix, generated by the SPSS syntax (Andersson et al. 2005) was used
for the calculation of the standard error of synergy index. In order to avoid a potential Type II
error, not unusual in interaction tests (Greenland 1993; Marshall 2007; Selvin 1996), we
calculated not only 95% CIs but also 80% CIs of synergy indexes. The analysis was carried out
separately for men and women, considering potential gender-specific associations of
psychosocial work characteristics on mental health (Bildt & Michélsen 2002; Clays et al. 2007).
As a sensitivity test, all of the above multivariate analyses were replicated in the two alternative
study groups, after an additional adjustment for the health conditions at baseline

(musculoskeletal disorder, chronic diseases, and self-reported health).

3. Results
Descriptive statistics and correlations
General psychological distress (GHQ case) is more prevalent in women (19.4%) than in
men (11. 2%). Job control and job demands were higher in male workers at both T; and T, but
social support was higher in female workers at T; (Table 1). On average, the psychosocial work
characteristics of the male and female workers were deteriorated during the follow-up period.

Particularly, job control decreased and job demands increased in male workers, while job control
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and social support at work decreased significantly (p < 0.01) in female workers. Table 2 shows
that all of the zero-order Spearman correlations of job control, job demands, and social support at
work at follow-up with general psychological distress at follow-up are significant (p < 0.01) and
they are relatively stronger in women than in men. Social support at work was positively
correlated with job control, but negatively associated with psychological job demands for both

men and women,

Independent effect of each of the psychosocial work characteristics?

Firstly, we conducted a series of multivariate logistic regression analyses under an
assumption of no interaction effects between the psychosocial work characteristics (Table 3).
After controlling for socio-demographic, history of psychosocial work characteristics, and other
covariates, social support at work (at T,) was associated with general psychological distress in
men. Low job control and high psychological job demands were only marginally (p < 0.10)
associated with general psychological distress in men. In women, low job control and low social
support at work were associated with general psychological distress in women, while high
psychological job demand did not increase the risk for general psychological distress.

On the other hand, family-to-work conflict and stress from outside-work demands for
both men and women and marital status (being non-married) for women were significant risk
factors for general psychological distress (Table 3). Age, origin of country, low education, worry
for family member, number of sick days, and history of the psychosocial work characteristics

(changed vs. consistent) did not affect the above associations.

Synergistic interaction effects of job control and social support at work
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Next, we examined the synergistic effect between job control and social support at work
on general psychological distress. As expected, the prevalence of general psychological distress
was highest among workers who have low job control and low social support at work and lowest
among workers who have high control and high social support at work in both men and women
(Table 4). After adjustment for job demands, history of psychosocial work characteristics, socio-
demographic and other covariates, neither low job control nor low social support at work was a
risk factor for general psychological distress in men as long as social support at work or job
control is high, respectively. Low job control was not a risk factor for general psychological
distress in women as long as social support at work was high. The risk for general psychological
distress increased significantly in both men and women when workers had both low job control
and low social support at work (Table 4). The combined risk of low control and low social
support at work were 2.37 (137% excessive risk) in male workers, and 3.78 (278% excessive
risk) in female workers. Synergy indexes between job control and social support at work were
1.68 and 1.83 in men and women, respectively. Their 95% and 80% ClIs included unity in both
men and women, except for the 80% CI (1.26-2.65) in women. The excessive risks were greater
than what could be intuitively estimated from the multivariate regression models under the
additive assumption (ie. Table 3) between the psychosocial work characteristics: 108% (ie. 47%
from low job control and 61% from low social support at work) excessive risk in male workers
and 196% excessive risk in female workers. Job demand was not associated with general

psychological distress in both men and women (data not shown here).

Impact of job demands on the synergistic effects
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The synergistic interaction effect between job control and social support at work was
reexamined with stratification for the level of job demands through multivariate logistic
regression analysis in order to examine the impact of job demands on the synergetic effects. In
men, the risk of the combination of low job control and low social support at work increased for
psychological distress increased only when workers had low job demands. The synergistic effect
between job control and social support at work on general psychological distress became
stronger (S =9.25; 80% CI = 0.95-89.68) in male workers who had low job demands (Table 5).
However, there was an antagonistic interaction effect (S = 0.49; 80% CI = 0.26-1.02) between
job control and social support at work in the high job demands group of male workers. In female
workers, the increased risk of the combination of low job control and low social support at work
for general psychological distress was observed, regardless of the level of job demands. The
synergistic effect was slightly stronger when the level of job demands was low (S = 2.16; 80%
CI = 1.16-4.03) than when the level of job demand was high (S = 1.51; 1.00-2.28).

Additionally, the risk of the eight (ie. 2 x 2 x 2) combinations between job control, job
demands, and social support at work (as the reference group with high job control, low job
demands, and high social support at work) for general psychological distress were examined.
Table 5 (ie. last column) shows that the combination of low job control and low social support at
work is a risk factor for general psychological distress (ORs, 2.99 ~ 3.82 for males and 3.49 ~
3.66 for females) in both men and women. In male workers, the risk was higher in the two
groups (low job control, low job demands, and low social support at work; low job control, high
job demands, and high social support at work) than in the iso-strain group (high job strain and
low social support at work), which was not in line with the prediction of the demand-control-

support model. Although the simple prevalence rate of general psychological distress was
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highest in the iso-strain group, it was not when the family-to-work conflict and stress from
outside-work problems variables were entered in the multivariate analyses. In female workers,
the highest risk for general psychological distress was found in the iso-strain group as predicted
by the demand-control-support model, however, its effect size (OR = 3.66) was close to that (OR
= 3.49) of the group with low job control, low social support at work, and low job demands: the
family-to-work conflict and stress from outside-work problems variables narrowed the risk
difference between the two groups in the multivariate analyses. The two combinations (high job
demand and low social support at work; low job control and high job demands) did not increase
the risk for general psychological distress in female workers as long as job control or social

support at work was high, respectively.

Sensitivity tests in two alternative groups

Sensitivity tests were conducted in the two alternative study groups to see whether the
unhealthy workers at baseline, excluded from the study subjects of this study, made a difference
in the above results. The sensitivity analyses were the same as the above multivariate analyses
(Tables 3 to 5), except that they were conducted additionally after adjustment of the health
conditions at baseline. In the two alternative study groups, the three unhealthy conditions such as
musculoskeletal disorder, chronic diseases, and self-reported poor health, were more strongly
associated with psychological distress in women than in men (data not shown here).

In men, the results of the sensitivity analyses in the larger sample (ie, alternative study
group 1, n=4,236) were generally similar to those in the above multivariate analyses. For
instance, a synergistic effect of low job control and low social support at work on psychological

distress was observed only when job demands were low (Table 6), although its synergy index
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decreased to 5.88 (80% CI = 1.31-26.43). However, the combination of low job control and low
social support at work was a significant risk factor for psychological distress even when job
demands were high, which was different from the result only with the relatively healthy workers
(ie, Table 5). In women, the combination of low job control and low social support at work was
still a significant risk factor for psychological distress, regardless of the level of job demands, but
its effect sizes decreased substantially. For example, the synergy indexes were 1.16 (in the low
job demands group) and 1.04 (in high job demands group) and their 80% CIs included unity
(Table 6).

The results of the sensitivity analyses in the relatively unhealthy sample (ie, alternative
study group 2, n=2,296) were different, particularly in women, from those in the relatively
healthy sample (ie, study subjects of this study). In men, the combination of low job control and
low social support at work was a significant risk factor for psychological distress, regardless of
the level of job demands. The synergy indexes (80% Cls) between job control and social support
at work in men were 2.76 (0.70-10.93) when job demands were low and 0.62 (0.43-0.91) when
job demands were high. In women, they were 0.76 (0.35-1.64) and 0.79 (0.53-1.18), respectively.
The combination of low job control and low social support at work was a significant risk factor

for psychological distress only when job demands were high.

4. Discussion
This cross-sectional study supported partially in men and fully in women a synergistic
interaction effect between job control and social support at work on general psychological
distress, which was hypothesized based on the collective control concept. A significant excessive

risk increase for general psychological distress was observed when workers had both low job
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control and low social support at work in both men and women when the level of job demands
was low. However, the synergistic effect was affected by high job demands differently by gender.
In women, the synergistic effect was maintained, but attenuated to some extent when the level of
job demands was high. In men, an antagonistic effect between job control and social support at

work was observed when the level of job demands was high.

Comparisons with other studies

To our knowledge, this is one of the few studies explicitly testing and reporting a
synergistic interaction between job control and social support at work on common mental
disorders in a large male and female working population from diverse occupations and industries.
This study was consistent with the previous study (Sanne et al. 2005a) in that a synergistic effect
was found between job control and social support at work on common mental disorders and the
synergistic effect was found in female workers, regardless of the level of job demands. However,
this study is in contrast with the Norwegian study (Sanne et al. 2005a) in terms of the direction
of the impact of job demands on the synergistic effect. In this study, the synergistic effect was
found in male workers only when the level of job demands was low, but it was found only when
the level of job demands was high in the Norwegian study (Sanne et al. 2005a). In this study, the
synergistic effect was stronger in female workers when the level of job demands was low, but it
was stronger oppositely when the level of job demands was high in the Norwegian study (Sanne
et al. 2005a). These patterns indicate that if any, a synergistic interaction effect between job
control and social support at work on common mental disorders might vary by the level of job

demands, gender, and study context (eg. in a Swedish economic crisis for this study).
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The minor impact of “high” job demands on the synergistic effect in female workers
might be explained by the fact that during the follow-up period of this study cohort, on average,
job demands of female workers did not change much, while job control and social support at
work were deteriorated significantly. Under this situation, the critical factors for mental health of
female workers would be resources rather than the level of job demands. The antagonistic
interaction between job control and social support at work in male workers under high job
demands was an unexpected finding. This may suggest that high social support at work could be
a stressor rather than a stress-reducer under a special circumstance (House 1981; Karasek et al.
1982; Vanroelen et al. 2009; Westman et al.1985), for instance, when a worker in a team with
strong internal solidarity is pressured to provide the same or perhaps increased level of socio-
emotional social support to other coworkers given his/her significant job changes (eg. increased
job strain). In fact, on average, job control and job demands of male workers were deteriorated
(ie. increased job strain) during the follow-up, while social support at work did not change much.
However, this quantitative study did not allow us to test the aforementioned context-specific

explanations.

Methodological issues

In this study, we excluded the relatively unhealthy workers at baseline from the study
subjects of this study. The results of the sensitivity tests in the two alternative study groups
supported the validity of the decision, despite a loss of statistical power. Including them into
study subjects of this study (alternative study group 1) would have significantly underestimated
the synergistic effects between job control and social support at work in both men and women.

At the same time, the results in the group (Table 6) suggests that a statistical adjustment of the
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baseline health conditions was not enough to remove their impact on the psychological job
characteristics and general psychological distress at follow-up.

We reported the two (80% and 95%) CIs of the Rothman’s synergy index in
consideration of a potential Type II error. In this study, all of the synergy indexes between job
control and social support at work on psychological distress were non-significant at the alpha
level of 0.05. However, they were significant at the alpha level of 0.20 in women (Tables 4 and
5). Also, in men, when the sample size was almost doubled (ie, in the alternative study group 1),
the 80% Cls of the synergistic indexes became clearly above or below unity (Table 6). All of
these indicate that an injudicious application of the typical alpha level (0.05) to interaction
significance tests could obscure a possible synergism. As mentioned before, low statistical power
in interaction tests (Greenland 1993; Marshall 2007; Selvin 1996) should be considered. In
addition, Rothman (1978) warned that a quantitative interval estimation of synergy index should
not be confused with a significance test (in which typically the alpha level of 0.05 is employed).
Hogan (1978) also reported that the CIs of synergy index based on a simple asymptotic approach
(Hosmer and Lemeshow 1992) could be unduly conservative in comparison with alternative
approaches. More importantly, we think that a synergism between two exposures should be
judged based on an array of information such as a strong theoretical hypothesis, a significant
difference between the results under no-interaction assumption and under an interaction
assumption as presented in Tables 3 to 5, and confidence intervals considering a type II error, not

solely based on the significance test (at the alpha of 0.05) of synergy index.

Implications for risk assessment, job stress models, and interventions
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The most important lesson from this study is that the risk of the combination of low job
control, high job demands, and low social support at work on common mental disorders needs to
be conducted with full consideration of their interactions and study context (Johnson and Hall
1996; Kasl 1996; Schaubroeck and Fink 1998). An atomic, additive approach to the risk
assessment of the psychosocial work characteristics on common mental disorders could be
misleading or lead to a risk underestimation. For example, in male workers of this study, neither
low job control nor high job demand was significantly associated with general psychological
distress when they were examined individually. But they were risk factors in combinations with
low social support at work for general psychological distress. In addition, the combined risk of
low job control and low social support at work were greater than the sum of their individual risks
in both male and female workers.

On the other hand, this study raises a question about the robustness of contemporary job
stress models such as the DR and DCS models in which the possibility of synergistic interactions
between resources or between job control and social support at work is not considered. Ignoring
such interactions could result in limited validity of such models in reality (Schaubroeck and Fink
1998). For example, the DC and DCS models were only partially supported in this study (see the
last column of Table 5). The DC model (ie. the highest risk in the low control and high job
demand group) was supported in male workers only when social support at work was high (not
when it was low) and in female workers only when social support at work was low (not when it
was high). The DCS model (ie. the highest risk in the group of low control, high job demand, and
low social support) was supported only in female workers (not in male workers). Therefore, in
accordance with the position of Kasl (1996) and Schaubroeck and Fink (1998), it would be

desirable to examine and report all possible interactions between job control, job demands, and
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social support at work on mental disorders beyond the DCS model-prescribed interactions
between job control and job demands and between job strain and social support at work,
particularly when the primary goal of a research is to test the DC and DCS models. Such practice
will be useful for testing and advancing the models in the future because it could provide richer
information about when and why the models do or do not work in reality.

Also, this study has implications for psychosocial interventions to improve workers’
mental health in an economic downturn. It suggests that a substantial deterioration of workers’
mental health could be prevented by promoting either workers’ task-level control or workers’
internal solidarity or both (not necessarily both in females), even when the level of job demand is
high. The management needs to adopt an internal work organization policy of empowering
workers rather than depowering workers in an economic crisis for both workers’ mental health

and productivity (Appelbaum and Donia 2000).

Limitations of this study

This study as a cross-sectional, secondary-analysis study has a limitation for withdrawing
a strong causal inference about the synergistic interaction effect between job control and social
support at work on common mental disorders. Nonetheless, this study has a merit over typical
cross-sectional studies in that it initially restricted study subjects to relatively healthy and
vocationally active workers at baseline. Thus the directionality of the associations between
psychosocial work characteristics and psychological distress in this study seems to be forward
rather than backward (reversed causations). The second limitation of this study is related to the
generalization of the results of this study. As noted before, the study subjects of this study were

more older, highly-educated, and healthier workers than the same age Malmo cohort. So the
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interpretations of the results in this study should be made in consideration of the aforementioned
“selective” characteristics of study subjects. Also a due attention should be paid to the fact that
this study was conducted on Swedish workers in an economic downturn. Therefore it is limited
as yet to generalize the findings of this study to other working populations in different cultures
and/or economic situations. Nonetheless, as mentioned before, this study suggests an important
work organization policy direction (empowering workers) for both workers’ mental health and
productivity in the global-scale economic recession of the late 2000s. More prospective studies
in the future are warranted to shed light on the synergistic effect between job control and social

support at work on common mental disorders and its relationship to job demands.
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Table 1. Distributions of socio-demographic variables, psychosocial work characteristics, and
psychological distress (GHQ case) in the Swedish male (n=1,035) and female (n=905) workers.

Variables Category Men (%) Women (%)
Age (years) 45 to 54 61.0 62.8
55to 64 39.0 37.2
Education (years) Upto 12 70.6 68.4
Over 12 29.4 31.6
Marital status Married 75.9 62.8
Non-married 24.1 37.2
Origin of country Swedish 92.8 93.4
Non-Swedish 7.2 6.6
Cross-sectional (at T)): Low job control 30.5 46.6
High job demands 51.2 459
Low social support at work 50.4 44.9
Cross-sectional (at T,): Low job control 33.8° 552"
High job demands 55.2" 48.8
Low social support at work 49.8 49.6"
Cross-time (both at T, and T»):
Consistent C, D, and S across times 46.8 448
Changed C, D, or S across times 53.2 55.2
Family-to-work conflict (at T5) 10.7 18.5
Stress from outside-work problems (at T) 20.5 31.6
Worry due to family members (at T,) 7.5 21.0
Number of days on sick-leave (at T,) <3days 87.1 79.2
>4 days 12.9 20.8
GHQ case (at T) 11.2 19.4

Note. C (job control), D (job demands), and S (social support at work). ~ p <0.05 and = p <0.01 when
compared by repeated measures t-tests with values at T,

28



Table 2. Spearman correlation coefficients between psychosocial work characteristics and
psychological distress (at T) in the Swedish male (n = 1,035; below the diagonal) and female (n

= 905; above the diagonal) workers.

Variables

Spearman correlation (y)

M (SD)* M (SD)" 1 2 3 4
1. Job control (T5) 76.3 (10.4) 71.9(11.0) .05 .14 -22
2. Psychological job demands (T5) 32.3(6.4) 31.3 (6.6) 18 -21 16
3. Social support at work (T,) 12.7 (4.5) 13.0 (4.0) .08 -.16 -24
4. Psychological distress: GHQ-30 (T,) 52.3(7.3) 54.5 (9.8) -.15 .16 -.18

Note. M: mean and SD: standard deviation. “Men. "Women. p < .05 (|y| >.07), p <.01 (ly| >.09), and p < .001

(= -11).



Table 3. Odds ratios of job control, job demands, and social support at work for general psychological distress in multivariate logistic

regression models

Variables

Men (n=1,035)

Women (n=905)

Model 1

Model 2

Model 3

Model 1

Model 2

Model 3

Low job control

High job demands

Low social support at work

Age (vs. 45-54 yrs old)

Marital status (vs. married)

Origin of country (vs. Swedish)

Low education (vs. > 12 yrs)
Family-to-work conflict

Stress from outside-work problems

Worry due to family members

Number of days on sick-leave (vs. <3 days)
Changed psychosocial work characteristics
(vs. consistent between T, and T5)

1.43 (0.96-2.14)
1.71 (1.13-2.60)
1.72 (1.15-2.59)

1.41 (0.93-2.14)
1.75 (1.15-2.65)
1.71 (1.14-2.58)
1.18 (0.79-1.76)
1.48 (0.96-2.28)
0.99 (0.46-2.15)
0.95 (0.61-1.47)

1.47 (0.94-2.30)
1.47 (0.95-2.30)
1.61 (1.04-2.48)
1.40 (0.91-2.16)
1.33 (0.84-2.11)
0.80 (0.34-1.87)
1.20 (0.75-1.93)
2.75 (1.61-4.70)
4.60 (2.95-7.17)
1.20 (0.63-2.31)
1.53 (0.87-2.69)
1.02 (0.67-1.56)

1.44 (1.01-2.05)
1.51 (1.08-2.13)
2.23(1.56-3.19)

1.64 (1.13-2.38)
1.42 (1.00-2.01)
2.16 (1.50-3.10)
0.64 (0.44-0.92)
1.29 (0.91-1.83)
1.83 (1.01-3.31)
0.66 (0.46-0.97)

1.88 (1.25-2.83)
1.06 (0.72-1.55)
2.08 (1.41-3.07)
0.76 (0.51-1.15)
1.54 (1.05-2.26)
1.75 (0.89-3.41)
0.73 (0.48-1.09)
2.28 (1.46-3.57)
4.50 (3.01-6.73)
1.52 (0.98-2.37)
1.10 (0.70-1.71)
0.92 (0.63-1.34)




Table 4. Synergistic interaction effects between job control and social support at work on general
psychological distress in the Swedish male (n=1,035) and female (n=905) workers.

GHQ case, % (n) Odds Ratio Synergy Index
Sex Job control Social support at work (95% CI1)* (95% CI; 80% CI)
High Low
Men High 7.8 12.4 1.00 1.50
(371) (314) (0.88, 2.58)
Low 8.7 17.4 1.31 2.37 1.68 (0.36-7.77,
(149) (201) (0.63,2.71) (1.34,4.18) 0.90-3.15)
Women High 10.9 22.2 1.00 1.85
(247) (158) (1.02, 3.37)
Low 14.4 28.9 1.67 3.78 1.83 (0.74-4.52;
(209) (291) (0.90, 3.09) (2.21, 6.46) 1.25-2.65)

Note. CI: Confidence interval. “Psychological job demands, consistent and changed history of psychosocial work
characteristics, age, education, origin of country, marital status, family-to-conflict, number of days on sick leave,
stress from outside-work problems, and worry due to family members were all controlled for.



Table 5. Interaction effects between job control and social support at work on general psychological distress by the level of job
demands in the Swedish male (n=1,035) and female (n=905) workers.

Sex Job Job GHQ case, % (n) Odds Ratio Synergy Index Odds Ratio
demands control Social support at work (95% CI)* (95% CI; (95% CI)°
80% CI)
High Low

Men Low High 5.1 10.1 1.00 1.71 1.00 1.78
(177) (109) (0.63, 4.65) 9.24 (0.68, 4.62)

Low 33 17.0 0.65 4.33 (0.04-2373.39; 0.62 3.82
(90) (88) (0.16,2.67)  (1.65,11.36) 0.95-89.68) (0.16, 2.43) (1.53,9.57)

High High 10.3 13.7 1.00 1.38 1.70 2.34
(194) (205) (0.72,2.65) 0.52 (0.73, 3.98) (1.03,5.30)

Low 16.9 17.7 2.03 1.73 (0.10-2.75; 3.69 2.99
(59) (113) (0.84,4.92)  (0.84,3.55) 0.26-1.02) (1.34,10.14) (1.25,7.17)

Women Low High 9.6 18.5 1.00 1.66 1.00 1.40
(136) (65) (0.65, 4.25) 2.16 (0.55, 3.56)

Low 12.1 23.8 1.63 3.79 (0.47-9.88; 1.63 3.49
(132) (130) (0.70,3.81)  (1.71,8.38) 1.16-4.03) (0.71, 4.40) (1.63, 7.47)

High High 12.6 24.7 1.00 2.45 0.89 2.00
(111) (93) (1.07, 5.58) 1.51 (0.38,2.11) (0.90, 4.46)

Low 18.2 329 1.87 4.51 (0.56-4.11; 1.50 3.66
()] (161) (0.74,4.70)  (2.10,9.69) 1.00-2.28) (0.62, 3.66) (1.77,7.54)

Note. CI: Confidence interval. “Reference group: high job control and high social support at work in low and high job demands groups. History of psychosocial
work characteristics, age, education, origin of country, marital status, family-to-conflict, number of days on sick leave, stress from outside-work problems, and
worry due to family members were all controlled for. "Reference group: high job control, high social support at work, and low job demands. The aforementioned
covariates were all controlled for.



Table 6. Interaction effects between job control and social support at work on general psychological distress by the level of job
demands in an alternative study group: male (n=2,159) and female (n=2,077) workers.

Sex Job Job GHQ case, % (n) Odds Ratio Synergy Index Odds Ratio
demands control Social support at work (95% CI)* (95% CI; (95% CI)°
80% CI)
High Low

Men Low High 7.1 11.9 1.00 1.53 1.00 1.58
(340) (219) (0.80,2.92) 5.88 (0.85,2.93)

Low 6.1 18.9 0.81 2.98 (0.15-229.65; 0.79 2.60
(179) (196) (0.36,1.84)  (1.58,5.61) 1.31-26.43) (0.36, 1.73) (1.44,4.72)

High High 11.0 20.8 1.00 1.79 1.33 2.32
(373) (448) (1.15,3.71) 0.55 (0.76, 2.34) (1.39, 3.88)

Low 19.9 25.2 2.07 2.03 (0.24-1.28; 2.92 2.71
(136) (274) (1.16,3.71)  (1.26, 3.26) 0.39-0.78) (1.53, 5.55) (1.58, 4.68)

Women Low High 12.3 25.7 1.00 1.62 1.00 1.68
(268) (148) (0.90, 2.91) 1.16 (0.95, 2.99)

Low 17.1 28.3 1.39 2.17 (0.40-3.35; 1.50 2.30
(269) (286) (0.80,2.41)  (1.29,3.63) 0.75-1.79) (0.88,2.56) (1.40, 3.78)

High High 17.8 33.0 1.00 2.27 1.06 243
(225) (261) (1.41, 3.65) 1.04 (0.61, 1.84) (1.48,3.97)

Low 20.3 37.8 1.22 2.55(1.64, (0.51-2.12; 1.22 2.69
197 (429) (0.71,2.10) 3.99) 0.78-1.40) (0.70,2.13) (1.70,4.27)

Note. CI: Confidence interval. “Reference group: high job control and high social support at work in low and high job demands groups. History of psychosocial
work characteristics, age, education, origin of country, marital status, family-to-conflict, number of days on sick leave, stress from outside-work problems, worry
due to family members, and health conditions at baseline (musculoskeletal disorder, chronic diseases, and self-reported poor health) were all controlled for.
PReference group: high job control, high social support at work, and low job demands. The aforementioned covariates were all controlled for.

33



G- OR(AB)-1
~ [OR(Ab)-1]+[OR(aB)-1]

Figure 1. Synergy Index (S):

OR = Odds ratio; Ab = exposed to one factor; aB = exposed to the other factor; and AB = exposed to both factors
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