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1.  Introduction 
Stress is a complicated word with many meanings that may designate 1) exposure to 

stressors, 2) a physiological stress response, and 3) a health outcome (distress). These 

have all been suggested to be related to depression 1-7. The physiological stress 

response has been suggested as a biological pathway linking psychosocial stressors to 

subsequent depression 8-11.  

 

There are many alternative ways to define and measure stressors and many aspects of 

life can act as a stressor, such as interpersonal relationships, demanding working 

conditions, threatening situations, traumatic events, and all kinds of daily hassles 1. In 

this thesis, the only stressors to be examined are stressors in the psychosocial working 

environment. Likewise, the physiological stress response can be measured in different 

ways. Concentrations of corticotrophin-releasing hormone, adrenocorticotropic 

hormone, and cortisol have often been used to evaluate hypothalamic-pituitary-

adrenal activity, and thereby measure the physiological stress response 4;12. In this 

thesis, the only parameter of the physiological stress response that will be studied is 

salivary cortisol concentration.  

 

This thesis covers the relations between the psychosocial working environment, 

cortisol, and depression (Figure 1). The objectives are 1) to examine stressors in the 

psychosocial working environment and the risk of subsequent depression (A) and 2) 

to examine cortisol concentration and subsequent depression (C). The association 

between stressors in the psychosocial working environment and cortisol (B) will not 

be studied, but will be briefly discussed.  

 

Figure 1. Stressors in the psychosocial working environment, cortisol and depression. 

 

 

A Stressors in the psychosocial 
working environment 

Cortisol 

Depression 

B C 
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1.1.1 Depression 
Depression is a mental disorder with a lifetime prevalence of approximately 13% in 

the European population 13. Depression has a harmful effect on both quality of life and 

workplace functioning 14. Depression is characterized by depressed mood, loss of 

interest, and decreased energy accompanied by other symptoms such as loss of self-

esteem, decrease in activity, reduced capacity for enjoyment and concentration, 

tiredness after minimal effort, disturbed sleep, feelings of guilt, changes in appetite, 

loss of libido, and psychomotor retardation 15. Depression is currently the leading 

burden of disease assessed by disability-adjusted life years in middle and high-income 

countries 16. 

 

The etiology of depression is not clearly established, but many studies indicate that 

biological, psychological, social, and genetic factors are involved 17;18. Women are 

more likely to develop depression than men, and high age, low socioeconomic status, 

low educational level, alcohol consumption, smoking, family history of depression, 

personality traits, previous depression, and stressful life events have been related to 

the occurrence of depression 17;19-24. Depression has a high co-morbidity with other 

mental disorders 25, and even though a depressive episode rarely last more than half a 

year 25;26 the disorder is highly recurrent and thus has a high lifetime effect 22. 

 

Many epidemiological studies of depression have relied on the diagnostic criteria for 

major depressive disorder in the Diagnostic and Statistical Manual of Mental 

Disorders (DSM) 27 or the highly similar diagnostic criteria for depressive episodes in 

the International Classification of Diseases (ICD) 15. Studies using the DSM or ICD 

diagnostic criteria for depression often used standardized clinical interviews such as 

the Schedules for Clinical Assessment in Neuropsychiatry (SCAN) 28 or the 

Composite International Diagnostic Interview (CIDI) 29. Other studies measure 

depressive symptoms using questionnaires such as the Major Depression Inventory 

(MDI) 30, the Center for Epidemiological Studies – Depression Scale (CES-D) 31, the 

Beck Depression Inventory (BDI) 32, or the Symptom Check List (SCL) 33. Though 

these questionnaires are not as detailed as the standardized clinical interviews they 

often show high diagnostic accuracy and external validity 34. Some population studies 

use other measures of depression such as prescription of antidepressant medication 35, 
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health insurance claims due to depression 36, sick leave due to depression 37, or 

hospital referral due to depression 38. 

 

1.1.2 Psychosocial working conditions 
The word psychosocial has many definitions, but one useful definition from the 

Oxford English Dictionary is the influence of social factors on an individual’s mind or 

behavior 39. Based on this definition, the study of psychosocial working conditions 

pertains to the social working conditions that have an influence on an individual’s 

mind or behavior. The mental health consequences of psychosocial working 

conditions have been examined in numerous studies for more than three decades 40. 

The psychosocial working conditions vary considerably between different jobs and 

work places and many models of different psychosocial stressors have been used in 

different studies.  The most frequently used model has been the job strain model by 

Karasek and Theorell 2;41 that describes mental strain as the result of the interaction of 

high psychological demands (role conflicts, work load, and time pressure) and low 

decision latitude (control over work activities and ability to utilize specific skills at 

work) 42. 

 

The effort-reward imbalance model 43 and the organizational justice model 44;45 have 

been used with increasing frequency in recent years. The effort-reward imbalance 

model addresses the violation of expected reciprocity and adequate exchange caused 

by an imbalance between high effort spent and low reward received at work 46. The 

organizational justice model describes the effect of varying levels of procedural 

justice (the extent to which decision-making procedures include input from affected 

parties, are consistently applied, suppress bias, and are accurate, correctable, and 

ethical) and relational justice (polite, considerate, and fair treatment of individuals) 47.  

 

These three models are, however, far from the only ways that psychosocial working 

conditions have been measured. Other measures are for example hospital ward 

overcrowding 48, workplace social capital 49, job insecurity 50, bullying 51, working 

hours 52, work climate satisfaction 53, or emotional demands 54. Some models of 

psychosocial working conditions are complementary and measure different aspects of 

the working environment 55;56 while others are redundant and measure similar factors 
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using different notions. Distributive justice and effort-reward imbalance 57;58 are 

examples of the latter. 

 

Most studies have used self-administered questionnaires to measure the psychosocial 

working conditions, such as the job content questionnaire for measuring the different 

components of Karasek and Theorell’s job strain model 59 or the effort-reward 

imbalance questionnaire 60. The job content questionnaire contains statements such as: 

“Your job was very hectic?”, “Your job required that you do things over and over?”, 

and “Your job allowed you freedom to decide how you did your job?” The effort-

reward imbalance questionnaire contains statements such as: “Over the past few 

years, my job has become more and more demanding?”, “My current occupational 

position adequately reflects my education and training?”, and “Considering all my 

efforts and achievements, I receive the respect and prestige I deserve at work?” Some 

studies have used comprehensive questionnaires that cover a large variety of 

psychosocial working conditions, for example the Copenhagen psychosocial 

questionnaire 61 or the General Nordic Questionnaire for Psychological and Social 

Factors at Work 62, while other studies only use a single question to measure a chosen 

aspect of the participants working conditions, such as “On an average weekday, 

approximately how many hours do you spend on the following activities (if 

applicable): Work (daytime and work brought home)?” 63.  

 

Self-administered questionnaires are a straightforward and cost-effective way to 

gather information about the perceived frequency and severity of different 

psychosocial working conditions. The main disadvantage is that the way the working 

environment is perceived may not only be influenced by the psychosocial working 

conditions, but also by personality traits, health, and other unintended factors, and 

thus cause misclassification and reporting bias 64. Some studies use interviews to 

obtain information about the psychosocial working conditions 65;66. An interview 

makes it possible to collect thorough information about the working environment, but 

still relies on the participants’ self-reported exposure information. 

 

Averaging of exposure information across work units 35, work places 49;53, and 

occupations 38;67 has been used to obtain information less affected by reporting bias. 
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Registry information 48;68;69 or expert assessment 36;70 have been used to obtain 

exposure information independent of the perception of the participants.     

 

1.1.3 Cortisol 
Cortisol is a steroid hormone produced in the adrenal cortex and regulates the 

metabolic system and anti-inflammatory pathways 71. The release of cortisol is 

mediated by the Hypothalamic-Pituitary-Adrenal (HPA) axis through corticotrophin-

releasing hormone (CRH) produced in the hypothalamus and adrenocorticotropic 

hormone (ACTH) produced in the pituitary gland 71. Cortisol has implications for the 

immune system, bone metabolism, the formation and retrieval of memories, the 

secretion of gastric acid, the expression of genes, and numerous other functions 72-75. 

In this thesis, the main interest in cortisol is due to its role as a measure of 

physiological stress and HPA-axis activity.    

 

When experiencing demanding and threatening situations (stressors) CRH is secreted 

from the hypothalamus, which causes an increased secretion of ACTH from the 

pituitary gland, and the ACTH increases the secretion of cortisol from the adrenal 

cortex 76;77. The elevated cortisol concentration then inhibits the secretion of CRH and 

ACTH via a negative feedback mechanism 78;79. This interaction between the 

hypothalamus, pituitary gland, and adrenal gland is a key feature of the HPA axis. 

Cognitive abilities and metabolic and psychiatric disorders may affect HPA-axis 

activity 80. The entire HPA system allows organisms to adapt to physical and 

psychosocial changes in their environments 81. 

 

The responsiveness and stability of the HPA axis in a changing environment is 

essential. McEwen introduced the term allostasis to describe the process of adapting 

and responding to challenges and different conditions, such as sleep, hunger, danger, 

infection, and coping with unpleasant situations 82. When exposed to a challenge, the 

secretion of CRH, ACTH, and cortisol increases, and when the situation is no longer 

challenging the concentration of the hormones return to baseline levels through a 

negative feedback mechanism. According to this hypothesis a prolonged period of 

heightened load on the allostatic process can lead to pathophysiology. This may 

happen when exposed to a challenging situation for a long time, or when the negative 
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feedback system does not sufficiently turn off the response when no longer needed 83. 

According to McEwen, a failure to activate the physiological stress response in a 

demanding or threatening situation will constitute an extra burden on health as the 

physiological imbalance will be maintained. There is a risk of cascade effects when 

other physiological systems need to compensate for the failure, and of inadequate 

responsiveness of the physiological stress system 82. 

 

Cortisol exhibits both a diurnal and seasonal variation 84. Cortisol concentration 

begins to rise steeply after awakening and peaks approximately 30-45 minutes after 

awakening. At this time the cortisol concentration is typically higher than the rest of 

the day. The concentration declines slowly during the day and is usually lowest late at 

night, where the concentration often is 5-10 times lower than the morning peak 85.  

 

The distinct diurnal cortisol pattern offers several challenges when selecting a 

sampling strategy. The simplest method is to measure cortisol at a fixed point in time, 

most frequently in the morning, when the cortisol concentration is at its highest, or in 

the evening, when cortisol concentration is lower. It is also possible to combine 

information from several samples to measure a mean cortisol concentration during a 

given period of time. Finally, the deviation between two cortisol concentrations 

measured at different times gives an indication of the cortisol reactivity to stressors in 

the intervening period or the ability to recover after an increased cortisol secretion86. 

The cortisol awakening response is one such measure that describes the morning peak 

cortisol concentration at two or more points, typically within one hour after 

awakening. The difference between morning and evening cortisol concentration, 

called the slope or diurnal variation, indicate the daily capacity for recovery 77. 

 

Cortisol concentration is affected by several physiological and demographic factors, 

such as age, ethnicity, socioeconomic status, and body mass index are associated with 

cortisol concentration 87;88. Low morning cortisol concentration, high evening cortisol 

concentration, and a small difference between morning and evening cortisol 

concentration (low slope) have been associated with somatic diseases, such as 

cardiovascular disease, breast cancer, and rheumatoid arthritis 89.  
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1.1.4 Psychosocial working conditions and cortisol 
Acute psychological stressors, such as the Trier Social Stress Test90, have been shown 

to increase the cortisol levels 91;92. Similar increases in cortisol concentration during 

work have been shown among professional dancers during competition 93, air traffic 

controllers 94, rescue service personnel 95, critical care nurses and physicians 96. Long-

term exposure to demanding psychosocial working conditions have been suggested to 

be related to cortisol level, but a recent review show no consistent association 6. The 

review identified 27 studies of the psychosocial working environment and cortisol 

level. These 27 studies includes in total 185 analyses of cortisol measures, such as 

morning cortisol concentration, evening cortisol concentration, mean cortisol 

concentration, and morning-to-evening slope. Of these 185 analyses, 29 (16%) 

showed an association between the psychosocial working environment stressors and 

high cortisol levels, 13 (7%) showed an association with low cortisol levels, and 143 

(77%) showed no association. It is possible that the majority of non-significant results 

are due to methodological limitations, such as an insufficient exposure contrast 6.     

 

It has been hypothesized that chronic stress may result in hypocortisolism after a 

prolonged period of hypercortisolism 97. A meta-analysis found a negative association 

between months since onset of a long-term stressor and both morning concentration 

and daily mean concentration of cortisol. Initially cortisol concentration increased, but 

eventually the concentration was reduced to below normal levels 98. No such pattern 

was observed for evening cortisol concentration. A pattern of increased cortisol levels 

followed by decreased cortisol levels may also explain the inconsistent findings from 

studies of psychosocial working conditions and cortisol. It is, however, also likely that 

there are simply no effect of psychosocial working conditions on cortisol. 

 

1.1.5 Cortisol and depression 
Hyperactivity of the HPA axis has been called one of the most consistent biological 

findings in depression psychiatry 4;12, and HPA hyperactivity has been put forth as an 

important mechanism explaining the pathophysiology of depression 4. However, the 

association may not be entirely consistent and well-replicated 5. The most recent 

reviews of the association between HPA axis activity, cortisol, and depression 

indicate that morning and evening cortisol concentration is increased in patients with 
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depression, and that their morning-to-evening slope is flatter than that of healthy 

controls. The increased cortisol levels were most pronounced in older in-patients with 

either melancholic or psychotic depression 4;5. Furthermore, HPA hyperactivity has 

been shown in patients who have recovered from a depression 99, in non-depressed 

people with a parental history of depression 100;101, and people at increased risk of 

depression due to a personality characterized by neuroticism 102. On the other hand, 

HPA hypoactivity has been implicated in atypical, seasonal, and climacteric 

depression, fibromyalgia, post-traumatic stress disorder, chronic fatigue syndrome, 

and following periods of chronic stress 71. Likewise, depression is frequent among 

those afflicted with Cushing’s syndrome which is characterized by hypercortisolism, 

but also among those afflicted with Addison’s disease which is characterized by 

hypocortisolism 103.  

 

The vast majority of studies examining the association between cortisol and 

depression are cross-sectional studies of differences between patients with depression 

and healthy controls. Very few studies of the longitudinal association between cortisol 

concentration and the risk of depression have been published. To identify these 

studies a review of the literature was needed. 

 

1.1.6 Psychosocial working conditions and depression 
The interest in the association between working conditions and depression are 

growing and many studies, examining this important question, have been carried out 

in the last two decades 64;104. The majority of these studies have, however, been 

published during the last 5 years, and were not included in the latest systematic 

reviews of psychosocial working conditions and the risk of depression 2;41;43. Thus, an 

updated review of the literature was needed. 
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1.2 Literature review – materials and methods 
 

1.2.1 Literature search of psychosocial working conditions 
and depression 
The literature search used the databases EMBASE (1980-), PsychINFO (1967-), and 

PubMed (1960-) on the 26th of July 2012. Search terms were selected based on search 

strategies, titles, and keywords from three recent reviews on this field 2;41;43. The 

search strategy reflected the following inclusion criteria: 

 

1. The study must be longitudinal. 

2. The study must include psychosocial working conditions as exposure. 

3. The study must include depression or depressive symptoms as outcome. 

 

The full electronic search strategies for all databases are presented in appendix 1. A 

total of 4,199 papers were identified (1,691 in EMBASE, 842 in PsychINFO, and 

1,666 in PubMed), while 26 longitudinal studies of psychosocial working conditions 

and depression were identified through other sources, such as reference lists from 

papers and reviews on this topic. 1050 of these records were duplicates, leaving a total 

of 3175 unique papers. The screening process excluded 2933 records based on their 

title and additionally 132 papers based on their abstract. 110 full-text articles were 

assessed for eligibility and 44 of those were excluded (31 were not longitudinal 

studies, 7 did not use depression or depressive symptoms as an outcome, 5 did not use 

psychosocial working conditions as an exposure, 1 were study I of this thesis, which 

were excluded to enable comparison between all previous studies and study I-III of 

this thesis). The 66 longitudinal studies of psychosocial working conditions and the 

risk of depression are presented in table 1. 
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Figure 2. Four-phase flow diagram105 of information from review of longitudinal 

studies of psychosocial working conditions and depression. 
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1.2.2 Litterature search of cortisol and depression 
 

The literature search was carried out by using the databases EMBASE (1980-), 

PsychINFO (1967-), and PubMed (1960-) on the 21th of August 2012. Search words 

were selected based on search strategies, titles, and keywords from recent reviews on 

this field 4;5;12;153. The search strategy reflected the following inclusion criteria: 

 

1. The study must be longitudinal. 

2. The study must examine the association between a measure of cortisol 

concentration at baseline and the risk of depression or depressive symptoms at 

follow-up. 

 

The full electronic search strategies for all databases are presented in appendix 1. The 

search strategy identified 1,076 papers (149 in EMBASE, 279 in PsychINFO, and 656 

in PubMed). A total of 7 longitudinal studies of cortisol concentration and depression 

were identified through other sources such as reference lists from papers and reviews 

on this topic. 500 of these records were duplicates, leaving a total of 583 unique 

papers. The screening process excluded 442 records based on their title and 

additionally 123 papers based on their abstract. 18 full-text articles were assessed for 

eligibility and 11 of those were excluded (4 were not longitudinal studies, 5 did not 

analyse depression as an outcome, 2 did not use cortisol concentration as a 

determinant of depression). The 7 longitudinal studies of cortisol concentration and 

the risk of depression are presented in table 2. 
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Figure 3. Four-phase flow diagram105 of information from review of longitudinal 

studies of cortisol and depression. 

1,076 records identified 
through database searching 

7 additional records 
identified through other 

sources 

583 records after duplicates 
removed 

 

583 records screened for 
eligibility 

 

442 records excluded based 
on title and 123 based on 

abstract 

18 full-text articles assessed 
for eligibility 

 

7 eligible studies included 
 

11 records excluded. 4 were 
not longitudinal, 5 did not 
use depression as outcome, 
and 2 did not use cortisol 

concentration as a 
determinant of depression. 
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1.2.3 Meta-analysis of psychosocial working conditions and 
depression 
 

To describe, contrast, and combine the evidence from all studies of psychosocial 

working conditions and depression a meta-analysis was performed using the random 

effects model. In order to compare results from the 66 studies the following procedure 

was used: 

 

1. Only studies reporting an odds ratio, relative risks, hazard ratio or comparable 

effect measure with confidence intervals were included. Some studies only 

reported results from linear regression or structural equation modeling, and 

were reported separately.  

2. Only studies reporting results independent of statistical significance were 

included. Including studies reporting only significant results would falsely 

inflate the association between exposure and outcome.  

3. Only exposure measures analysed in 3 or more studies were included, except 

for procedural and relational justice, which were included to allow for 

comparison with study II. 

 

Odds ratios, relative risks, hazard ratios and comparable results were pooled and will 

subsequently all be referred to as odds ratios. To investigate the influence of the 

different study methods and designs the studies were separated into subgroups based 

on the following characteristics: gender, duration between assessment of exposure and 

outcome, baseline adjustment of depressive symptoms, source of exposure 

information, and source of outcome information (Table 3). 

 

For each exposure measures a summary estimate was calculated based on all studies. 

Summary estimates were also reported for each of the 13 subgroups in table 3 if one 

or more studies reported a relevant odds ratio. Additionally, overall summary 

estimates were calculates based on the pooled results of all exposure measures 

included in the meta-analysis. To assess publication bias, a funnel plot, based on odds 

ratios and standard errors, was generated for each exposure measure (Appendix 2). 

 



 23 

Table 3. Subgroup analyses. 
Characteristic Subgroup of studies 

Gender Men 

Women 

Both genders 

Duration of follow-up 0 – 2 years 

2.1 – 5 years 

>5 years 

Baseline adjustment of depressive symptoms Adjustment  

No adjustment  

Self-reported exposure Not self-reported 

Self-reported 

Outcome measure Questionnaire 

Clinical interview 

Other methods 

 

All analyses were conducted with the STATA 12 statistical software (StataCorp LP, 

College Station, Texas, USA) using the metan command to perform a random effects 

meta-analysis using the method of DerSimonian & Laird, with the estimate of 

heterogeneity being taken from the from the Mantel-Haenszel model 161 and the 

metafunnel command to create funnel plots that display a measure of study size on the 

vertical axis against a the association between exposure and outcome on the 

horizontal axis 162. 
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1.3 Results:  
 

1.3.1 Psychosocial working conditions and depression, 
study characteristics 
The literature search of psychosocial working conditions and depression identified 66 

longitudinal studies (Table 1).  

 

1.3.1.1 Measures of psychosocial working conditions 
The 66 eligible studies present 73 different measures of psychosocial working 

conditions (Table 1). Some measures are used by several studies, especially the 

components of Karasek and Theorell’s job strain model 42, but most measures are only 

used in a few studies. The 16 measures of psychosocial working conditions used in 3 

or more studies are, in order of frequency: Decision latitude (n=21), psychological 

demands (n=20), job strain (n=17), social support (n=13), job insecurity (n=13), 

supervisor support (n=11), co-worker support (n=9), work load (n=7), working hours 

(n=6), decision authority (n=5), skill discretion (n=4), effort-reward imbalance (n=4), 

work climate (n=4), emotional demands (n=4), procedural justice (n=4), and physical 

demands (n=3). Some are conceptually close (hectic job, conformance to schedule, 

time pressure, and forced pacing). There is, however, no evidence supporting that 

these exposure measures are in fact identical and can be treated as such. Thus, each 

aspect of the psychosocial working conditions needs to be studies individually. 

 

Not only did the studies differ with respect to measures of the psychosocial working 

conditions. They also differ in the methods used to collect the information. The vast 

majority used self-reports by the individual participants (self-administered 

questionnaire 37;49-52;54;56;63;106-115;117-122;124;127;128;131-137;139-151 or 

interview65;66;116;123;125;126;129;130;133;138;152). Few studies used non-self-reported 

exposure information. These studies used registry linkage 48;67-69, expert assessment 
36;70, averaging of work units or work places 35;49;53, or a job exposure matrix 38 to 

assess the psychosocial working conditions of the participants.  
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1.3.1.2 Measures of depression 
The most frequent method to assess depression was self-administered questionnaires 

(Table1), especially the Center for Epidemiological Studies – Depression Scale (CES-

D) 31 has been used often 108;111;112;114;118;119;124;128;133;141;144;146;147. These questionnaires 

does typically not measure depression according to diagnostic criteria, but identify the 

presence and severity of depressive symptoms. Some studies use a standardized 

clinical interview to diagnose depression according to the ICD of DSM diagnostic 

criteria. Some studies use other methods to diagnose depression, such as registry 

information about prescription and redemption of antidepressant medication 
35;49;50;54;68;130;136;137;145;149, sick-leave due to depression 37;48;69;134;139, hospital records 
38;53;67;140, self-reported doctor-diagnosed depression 49;56;115;122, or insurance 

information 36. The different methods of assessment of depression and depressive 

symptoms in the available studies reduce the comparability of the results 43. There are 

several advantages of using standardized clinical interviews to diagnose depression. If 

we want to study the association between psychosocial working conditions and 

depression, a diagnosis of depression is a better measure than the presence of 

depressive symptoms or redemption of antidepressant medication 2;41;43. Depression as 

a disorder is well defined in the both ICD-10 15 and DSM-IV 27, and though there is 

differences between the two set of diagnostic criteria, they are highly similar 22. Most 

of the self-administered questionnaires and rating scales are validated and precise 

tools 30-34, but they do not give adequate information to diagnose depression.  

 

1.3.1.3 Study design 
The included studies were most frequently been performed on Finnish (n=12), Danish 

(n=11), or American (n=9) populations. The only studies performed outside Europe 

and North America were from Japan 106;107;117;139, Australia 148, or New Zealand 65. 

Most studies include a study population comprised of workers from a heterogeneous 

selection of occupations or work-places (n=21) or from the general population (n=10). 

Other studies include a more homogenous study population, such as a population 

comprised entirely of industrial workers (n=7), public employees (n=9), or hospital 

employees (n=5). 
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The duration of follow-up varied significantly between the studies. The shortest 

duration is 3-6 months147 and the longest 32 years65. Most studies have a follow-up 

period of 1-2 years (n=27) or 2.1-5 years (n=25). Some studies have a follow-up 

period of more than 5 years (n=14), and a single study of less than 1 year147. Most of 

the studies examine their study population twice, once at baseline and again at follow-

up, with no access to information on case status in the intermediate time period. Some 

studies have access to this information, such as through registries 
35;49;50;54;68;130;136;137;145;149 or by repeated examinations of the study population 
65;112;118;144. 

 

Most of the included studies adjust for age, gender, socioeconomic factors, and other 

well-known risk factors of depression (table 1). Most studies exclude depressed 

participants at baseline and some adjusts for baseline depressive symptoms, 

neuroticism, or negative affectivity (n=16).  

 

1.3.2 Psychosocial working conditions and depression, 

selection procedure for the meta-analysis 

Of the 66 studies identified in the literature search 17 studies were excluded because 

they did not report an odds ratio or comparable effect measure 48;111;114;118-

120;124;131;133;135;141;142;144;146-148;150, two were excluded because they measured change in 

exposure levels instead of baseline exposure levels 112;151, two were excluded because 

they did not report odds ratios and confidence intervals of insignificant results 106;116, 

and seven were excluded because they did not examine at least one frequently 

examined type of exposure 49;51;67;70;115;123;143. The following exposure measures were 

analyzed in three or more of the remaining studies: Job strain, psychological demands, 

decision latitude, decision authority, skill discretion, social support, co-worker 

support, supervisor support, effort-reward imbalance, emotional demands, job 

insecurity, work climate, work load, and working hours. Additionally, the two studies 

examining procedural and relational justice were also included to allow for 

comparison with study II. The selection procedure for the meta-analysis resulted in 

the inclusion of 38 studies 35-38;50;52-54;56;63;65;66;68;69;107-110;113;117;121;122;125-130;132;134;136-

140;145;149;152. 
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1.3.3 Psychosocial working conditions and depression, 

results of the meta-analysis 

Results of the meta-analyses are reported in figure 4. The summary estimates for job 

strain (OR: 1.23; 95% CI: 1.12-1.35), psychological demands (1.21; 1.12-1.35) 

decision latitude (1.17; 1.06-1.29), social support (1.33; 1.16-1.49), co-worker support 

(1.42; 1.16-1.69), supervisor support (1.34; 1.14-1.55), effort-reward imbalance (1.70; 

1.42-1.97), procedural justice (1.48; 1.23-1.72), relational justice (1.57; 1.31-1.83), 

and emotional demands (1.28; 1.10-1.47) were associated with subsequent depression. 

No such associations were found for decision authority (0.88; 0.48-1.28), skill 

discretion (1.09; 0.87-1.31), job insecurity (1.23; 0.93-1.53), work climate (1.47; 

0.98-1.95), work load (1.33; 0.99-1.66), and working hours (1.20; 0.87-1.53). The 

overall meta-estimate showed a small to moderate association between adverse 

psychosocial working conditions and depression (1.27; 1.21-1.33), when including all 

studies regardless of differences in methods and design. 

 

1.3.4 Psychosocial working conditions and depression, 
results of the subgroup analyses 
The results of the subgroup analyses are presented in figure 5-21. 

1.3.4.1 Gender 
There was no clear indication that gender modifies the association between 

psychosocial working conditions and depression (Figure 5-21). The few exposure 

measures indicating a substantial gender effect are limited by few studies and 

consequently wide confidence intervals (Figure 7, 20, and 21).  

 

1.3.4.2 Duration of follow-up 
The subgroup analyses of duration from baseline to follow up gave no clear indication 

of a general pattern. There may be some indication that work climate, decision 

latitude, and job strain show a stronger association to depression 5 or more years after 

exposure characterization at baseline, while work climate, co-worker support, 

supervisor support and job insecurity show stronger associations during the initial 2 

years of follow-up. Overall there is an indication of stronger effects at shorter follow-

up times (Figure 5). 
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Figure 4: Odds ratios of depression for low levels of 16 different exposures. The 

results are based on the highest available exposure group from each study with the 

lowest exposure group as reference (job strain, psychological demands, effort-reward 

imbalance, emotional demands, job insecurity, work load, working hours) or the 

lowest available exposure group from each study with the highest exposure group as 

reference (decision latitude, decision authority, skill discretion, social support, co-

worker support, supervisor support, procedural justice, relational justice, work 

climate). The overall estimate is based on all 16 exposures. 38 studies included 35-

38;50;52-54;56;63;65;66;68;69;107-110;113;117;121;122;125-130;132;134;136-140;145;149;152. 

 

Job strain
Psychological demands
Decision latitude
Decision authority
Skill discretion
Social support
Co-worker support
Supervisor support
Effort-reward imbalance
Procedural justice
Relational justice
Emotional demands
Job insecurity
Work climate
Work load
Working hours
Overall

  10 .5 1 1.5 2
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Figure 5: Odds ratios of depression for all measures of the psychosocial working 

environment. Only suitable studies are included in the estimates from the sub-group 

analyses. 38 studies included 35-38;50;52-54;56;63;65;66;68;69;107-110;113;117;121;122;125-130;132;134;136-

140;145;149;152. 

 

All studies

Gender:
-   Men
-   Women
-   Both genders

Duration of follow-up:
-   0 - 2 years
-   2.1 - 5 years
-   >5 years

Baseline depressive symptoms:
-   Adjustment
-   No adjustment

Self-reported exposure:
-   No
-   Yes

Outcome measure:
-   Questionnaire
-   Clinical interview
-   Other methods

  11 1.1 1.2 1.3 1.4 1.5
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Figure 6: Odds ratios of depression for low levels of co-worker support. The results 

are based on the lowest available exposure group from each study with the highest 

exposure group as reference. Only suitable studies are included in the estimates from 

the sub-group analyses. 9 studies included 37;125;126;132;137;139;140;149;152. 

 

All studies

Gender:
-   Men
-   Women
-   Both genders

Duration of follow-up:
-   0 - 2 years
-   2.1 - 5 years
-   >5 years

Baseline depressive symptoms:
-   Adjustment
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Self-reported exposure:
-   Yes
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-   Clinical interview
-   Other methods

  1.5 1 1.5 2 2.5
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Figure 7: Odds ratios of depression for low levels of decision authority. The results 

are based on the lowest available exposure group from each study with the highest 

exposure group as reference. Only suitable studies are included in the estimates from 

the sub-group analyses. 3 studies included 35;125;140. 

 

All studies

Gender:
-   Men
-   Women
-   Both genders

Duration of follow-up:
-   2.1 - 5 years
-   >5 years

Baseline depressive symptoms:
-   Adjustment
-   No adjustment

Self-reported exposure:
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-   Clinical interview
-   Other methods

  10 1 2 3 4
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Figure 8: Odds ratios of depression for low levels of decision latitude. The results 

are based on the lowest available exposure group from each study with the highest 

exposure group as reference. Only suitable studies are included in the estimates from 

the sub-group analyses. 15 studies included 35;36;38;65;107;108;113;122;128-130;132;134;139;145. 

 

All studies

Gender:
-   Men
-   Women
-   Both genders

Duration of follow-up:
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Self-reported exposure:
-   No
-   Yes
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-   Other methods
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Figure 9: Odds ratios of depression for high levels of effort-reward imbalance. The 

results are based on the highest available exposure group from each study with the 

lowest exposure group as reference. Only suitable studies are included in the estimates 

from the sub-group analyses. 3 studies included 56;121;152. 

 

All studies

Gender:
-   Men
-   Women
-   Both genders

Duration of follow-up:
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Figure 10: Odds ratios of depression for high levels of emotional demands. The 

results are based on the highest available exposure group from each study with the 

lowest exposure group as reference. Only suitable studies are included in the estimates 

from the sub-group analyses. 4 studies included 38;54;132;149. 
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Figure 11: Odds ratios of depression for high levels of job insecurity. The results are 

based on the highest available exposure group from each study with the lowest 

exposure group as reference. Only suitable studies are included in the estimates from 

the sub-group analyses. 7 studies included 50;109;125;129;132;139;152. 
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Figure 12: Odds ratios of depression for high levels of job strain. The results are 

based on the highest available exposure group from each study with the lowest 

exposure group as reference. Only suitable studies are included in the estimates from 

the sub-group analyses. 15 studies included 35;37;38;66;109;110;122;126-128;130;138;139;145;152. 
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Figure 13: Odds ratios of depression for low levels of procedural justice. The results 

are based on the lowest available exposure group from each study with the highest 

exposure group as reference. Only suitable studies are included in the estimates from 

the sub-group analyses. 2 studies included 56;122. 
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Figure 14: Odds ratios of depression for high levels of psychological demands. The 

results are based on the highest available exposure group from each study with the 

lowest exposure group as reference. Only suitable studies are included in the estimates 

from the sub-group analyses. 14 studies included 35;36;38;65;108;122;125;128-130;132;134;139;145. 
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Figure 15: Odds ratios of depression for low levels of relational justice. The results 

are based on the lowest available exposure group from each study with the highest 

exposure group as reference. Only suitable studies are included in the estimates from 

the sub-group analyses. 2 studies included 56;122. 
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Figure 16: Odds ratios of depression for low levels of skill discretion. The results are 

based on the lowest available exposure group from each study with the highest 

exposure group as reference. Only suitable studies are included in the estimates from 

the sub-group analyses. 3 studies included 35;125;140. 
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Figure 17: Odds ratios of depression for low levels of social support. The results are 

based on the lowest available exposure group from each study with the highest 

exposure group as reference. Only suitable studies are included in the estimates from 

the sub-group analyses. 8 studies included 35;65;108;117;128;129;132;134. 

 

All studies

Gender:
-   Men
-   Women
-   Both genders

Duration of follow-up:
-   0 - 2 years
-   2.1 - 5 years
-   >5 years

Baseline depressive symptoms:
-   Adjustment
-   No adjustment

Self-reported exposure:
-   No
-   Yes

Outcome measure:
-   Questionnaire
-   Clinical interview
-   Other methods

  1.5 1 1.5 2 2.5
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Figure 18: Odds ratios of depression for low levels of supervisor support. The 

results are based on the lowest available exposure group from each study with the 

highest exposure group as reference. Only suitable studies are included in the 

estimates from the sub-group analyses. 10 studies included 
37;109;125;126;132;137;139;140;149;152. 

 

All studies

Gender:
-   Men
-   Women
-   Both genders

Duration of follow-up:
-   0 - 2 years
-   2.1 - 5 years
-   >5 years

Baseline depressive symptoms:
-   Adjustment
-   No adjustment

Self-reported exposure:
-   Yes

Outcome measure:
-   Questionnaire
-   Clinical interview
-   Other methods

  1.7 1 1.3 1.6 1.9 2.2
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Figure 19: Odds ratios of depression for low levels of work climate. The results are 

based on the lowest available exposure group from each study with the highest 

exposure group as reference. Only suitable studies are included in the estimates from 

the sub-group analyses. 4 studies included 35;53;122;136. 

 

All studies

Gender:
-   Both genders

Duration of follow-up:
-   0 - 2 years
-   2.1 - 5 years
-   >5 years

Baseline depressive symptoms:
-   Adjustment
-   No adjustment

Self-reported exposure:
-   No
-   Yes

Outcome measure:
-   Questionnaire
-   Clinical interview
-   Other methods

  10 .5 1 1.5 2 2.5 3
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Figure 20: Odds ratios of depression for high levels of work load. The results are 

based on the highest available exposure group from each study with the lowest 

exposure group as reference. Only suitable studies are included in the estimates from 

the sub-group analyses. 6 studies included 35;68;69;107;117;149. 

 

All studies

Gender:
-   Men
-   Women
-   Both genders

Duration of follow-up:
-   0 - 2 years
-   2.1 - 5 years
-   >5 years

Baseline depressive symptoms:
-   Adjustment
-   No adjustment

Self-reported exposure:
-   No
-   Yes

Outcome measure:
-   Questionnaire
-   Other methods

  10 1 2 3 4
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Figure 21: Odds ratios of depression for high levels of working hours. The results 

are based on the highest available exposure group from each study with the lowest 

exposure group as reference. Only suitable studies are included in the estimates from 

the sub-group analyses. 7 studies included 52;63;109;117;132;145;152. 

 

All studies

Gender:
-   Men
-   Women
-   Both genders

Duration of follow-up:
-   0 - 2 years
-   2.1 - 5 years
-   >5 years

Baseline depressive symptoms:
-   Adjustment
-   No adjustment

Self-reported exposure:
-   Yes

Outcome measure:
-   Questionnaire
-   Clinical interview
-   Other methods

  10 1 2 3 4 5 6
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1.3.4.3 Baseline adjustment of depressive symptoms 
There was no strong indication of a different association between psychosocial 

working conditions and depression depending on whether analyses are adjusted for 

baseline depressive symptoms or not. Overall there is an indication of stronger effects 

when not adjusting for baseline depressive symptoms (Figure 5), and while this is a 

general tendency among the exposure specific analyses the differences between 

studies with and without adjustment for baseline depressive symptoms are small 

(Figure 6-21).  

 

1.3.4.4 Self-reported exposure 
When comparing the results of studies relying on self-reported exposure with studies 

using non-self-reported information results differed substantially (Figure 5). 

Generally, self-reported measures of exposure showed moderate to strong associations 

with depression (co-worker support, job strain, psychological demands, decision 

latitude, decision authority, work climate, effort-reward imbalance, emotional 

demands, procedural justice, relational justice, social support, supervisor support), 

while non-self-reported exposure measures show weak (social support) or no 

associations with depression (decision latitude, psychological demands, job strain, 

work load, work climate, skill discretion, emotional demands, procedural justice, 

relational justice, and decision authority).  

 

1.3.4.5 Outcome measure 
The subgroup analyses based on different outcome measures of depression showed a 

pattern. Overall there was an indication of stronger effects when relying on 

questionnaire diagnosed depression, and weaker effects when using neither 

questionnaires nor clinical interviews to diagnose depression (Figure 5). While there 

was some indication of this pattern in the analyses of specific exposures, the pattern 

was not entirely consistent and the differences between the strength of the 

associations were rarely substantial (Figure 6-21). 
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1.3.5 Psychosocial working conditions and depression, 

qualitative synthesis 

The 66 longitudinal studies presented 73 different measures of psychosocial working 

conditions, but only 38 studies and 16 exposure measures were included in the meta-

analysis. Six of the 28 studies not included in the meta-analysis examined 

psychological demands, and five showed a significant association between high 

psychological demands and depression 48;114;118;148;151, while one study showed an 

association only for men 135. Two additional studies showed an association between 

decision latitude and depression 118;148, one showed no association 151, and one showed 

an association only for men 114. One of the 28 studies showed an association between 

job strain and depression 112, two showed no association 146;151. One study showed no 

association between co-worker support 111, and one study showed an association only 

for women 135. One study showed no association between supervisor support 111, and 

one study showed an association only for men 135. Two studies showed an association 

between social support and depression 114;118, and three showed no association 
116;146;151. Two studies showed an association between job insecurity and depression 
120;148, two showed no association 133;146, and one showed an association only for 

women 141. One study showed an association between procedural justice and 

depression 144, and one showed no association 147. One study showed an association 

between work load and depression 48, and one showed no association 106. One study 

showed an association between decision authority 135 and emotional demands 124. 

 

The remaining 57 measures of psychosocial working conditions are only examined in 

few studies. The following exposure measures were associated with depression 

(n=17): bullying 51;115, conflict with supervisor 135, control over workplace 107, day-to-

day stress 126, demands for hiding emotions 54, episodic stressors 111, family-to-work 

conflict 152, hindrance: support from colleagues and supervisors 70, job unsuitability 
106;107, layoffs 119, over-commitment 121;131, occupation: human service professional 67, 

role ambiguity 139, stressful events 108;117, transformational leadership 142, work 

engagement 150, and work stress (sum of psychological demands, skill discretion, 

decision authority, job insecurity, physical demands, and social support)123.  
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The following exposure measures were not related to depression (n=34): cognitive 

requirements 70, cooperation 70, forced pacing 106, hazardous work 146, hectic work 116, 

job difficulty 117, hindrance: goals and resources 70, inadequate evaluation of 

contribution 117, influence on what to do 70, influence on how to do it 70, informational 

justice 147, interpersonal justice 147, isometric load 146, job change 143, management 35, 

meaning of work 149, mental load 116, mergers 143, monotonous work 116, opportunities 

for development 149, physical demands 65;146;149, private life support 137, 

professionalism 35, required conformance to schedule 70, role conflict 139, sense of 

community 149, threats 54, time pressure 70, variation of work 149, violence 54, work 

centrality 37, work dissatisfaction 37;146, work pace 149, and workplace social capital 49. 

 

The following exposure measures showed conflicting results (n=6): conflict with co-

workers 117;135, distributive justice 144;147, isostrain 35;128, poor human relations 106;107, 

quantitative demands 149, and working with people 38. 

 

1.3.6 Publication bias 
The funnel plots based on the different exposure measures (Appendix 2) were used to 

assess publication bias. There was a clear indication of substantial publication bias in 

studies of decision latitude (Figure 24 – Appedix 2) and job strain (Figure 28 – 

Appendix 2), and some publication bias in studies of psychological demands (Figure 

30 – Appendix 2). The publication bias in these studies is likely to have inflated the 

summary estimates of the meta-analysis. Since the studies of psychological demands, 

decision latitude, and job strain are numerous, the overall estimate also indicated 

some publication bias (Figure 38 – Appendix 2). Many of the exposure measures have 

been examined in too few studies to allow assessment of publication bias, such as 

procedural and relational justice that has only been included as exposures in 3 of the 

eligible studies. 

 

1.3.7 Cortisol and depression, study characteristics 
All 7 studies measured only salivary cortisol. All included morning cortisol 

concentration 154-160, and most studies measure evening cortisol concentration 154-

157;159;160. Some studies included morning-to-evening slope 157;160, cortisol awakening 
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response 157;160, daily mean cortisol concentration 157;159;160, maximum cortisol 

concentration 156, and variability in cortisol concentration 156.  

  

Some studies measured morning cortisol concentration at 08.00 hours 154-156;158, while 

the others measured morning cortisol concentration with two or more samples and 

relative to time of awakening 157;159;160. Evening cortisol concentrations were 

measured either at 20.00 hours 154-156, at bedtime 157;160, or both 159.  

Most studies used clinical interviews to identify cases of depression. These were the 

Kiddie Schedule for Affective Disorders and Schizophrenia (K-SADS) 154;158, the 

Structured Clinical Interview for DSM-IV (SCID) 157;159;160, and the Schedules for 

Clinical Assessment in Neuropsychiatry (SCAN) 155. A single study did not use a 

standardized clinical interview to diagnose depression, but instead used the self-

administered Mood and Feelings Questionnaire (MFQ) to measure the presence of 

depressive symptoms 156. Compared to the very diverse methods used to measure 

cortisol, the studies used a very similar method for diagnosing depression. The MFQ 

is a validated rating scale and the clinical interviews are considered the gold standard 

for diagnosing depression 156.  

Three studies examined children with a mean age at baseline of 13.0, 13.5, and 13.6 

years, respectively 154;156;158. Three studies examined adolescents with a mean age at 

baseline of 17.0, 17.1, and 17.5 years, respectively 157;159;160. Only one study examined 

an adult population with a mean age at baseline of 38.5 years 155. The majority of 

studies included participants with a high risk of developing depression due to 

personality traits or familial disposition 155-157;159;160. Finally the number of 

participants in the studies ranged from 59 to 365.  

 

Duration from cortisol level was determined until cases of depression were identified 

varied between 1 year 154;155;157;158 and 2.5 to 4 years 156;159;160.  

 

1.3.8 Cortisol and depression, overall findings 
There were too few studies of the association between cortisol and the risk of 

depression to perform a meta-analysis. Instead the results of the studies are presented 

in table 4. The 7 studies performed in total 22 analyses of cortisol and depression and 
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in 11 (50%) of these cortisol level were significantly associated to subsequent 

depression. In all 11 cases a high cortisol concentration, high cortisol awakening 

response, or high cortisol variability were associated with a high risk of depression. 

No studies showed that a low cortisol concentration, awakening response, or 

variability was related to a high risk of depression. 

 

 

Table 4. Associations between salivary cortisol level and the occurrence of 

depression in 7 longitudinal studies, 2000-2012. + indicates that a high concentration, 

cortisol awakening response or variability were associated with a high risk of 

depression. 0 indicates no significant association between cortisol and depression. 
Study Morning 

cortisol 

Evening 

cortisol  

Daily 

mean 

cortisol  

Morning-

to-evening 

slope 

Cortisol 

awakening 

response 

Maximum 

cortisol 

Variability 

of cortisol  

Goodyer, 2000 154 + 0      

Harris, 2000 155 + 0      

Halligan, 2007 156 + 0    + + 

Adam, 2010 157 0 0 0 0 +   

Goodyer, 2010 158 +       

Ellenbogen, 2011 159 + + +     

Vrshek-Schallhorn, 2012 160 0 0 0 0 +   

 

 

A total of five studies showed that a high morning cortisol concentration was 

associated with a high risk of depression 154-156;158;159. All studies that measure 

morning cortisol concentration at 08.00 hours showed an association 154-156;158, while 

of the three studies that measure morning cortisol concentration relative to time of 

awakening 157;159;160 only one showed an association 159. Only one study showed an 

association between evening cortisol, daily mean cortisol, and depression 159, or 

between maximum cortisol, variability of cortisol, and depression 156. No studies 

showed an association between morning-to-evening slope and depression 157;160, and 

two studies showed an association between cortisol awakening response and 

depression 157;160. 
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1.4 Discussion 
 

1.4.1 Main results 
Overall the studies of psychosocial working conditions and depression showed a small 

to moderate increased risk of depression for high levels of job strain, psychological 

demands, effort-reward imbalance, and emotional demands, and for low levels of 

decision latitude, social support, co-worker support, supervisor support, procedural 

justice, and relational justice. No such associations were found for decision authority, 

skill discretion, job insecurity, work climate, work load, and working hours. However, 

the sub-analyses showed that studies not using questionnaire diagnosed depression or 

self-reported exposure information overall showed no association between 

psychosocial working conditions and depression. 

 

Overall the studies of cortisol and depression may indicate that a high morning 

cortisol concentration is a risk factor for depression, but possibly only when measured 

at 08.00 hours and not when measured relative to time of awakening. However, no 

clear conclusion can presently be drawn on the association between cortisol level and 

risk of depression due to the few studies, different methods for measuring cortisol, 

and somewhat inconsistent results. 

 

1.4.2 Measures of exposure 
The studies of psychosocial working conditions and depression measured a plethora 

of different aspects of the working environment. These different measures of 

psychosocial working conditions are independent constructs, and though many are 

quite similar, have to be studied independently of each other’s. 

 

Most studies used self-reported exposure information, which may be a cause of 

misclassification and reporting bias 2;64;163. This is especially important when studying 

depression. Decreased energy and activity, reduced capacity for concentration, 

disturbed sleep, psychomotor retardation, and loss of self-esteem are likely to affect 

how the depressed perceives and report their working conditions, since depression is 

strongly associated with negative thinking 164. Biased reporting of exposure inflates 
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the association between high psychological demands and low decision latitude at 

work and the occurrence of depression, if studies rely on individual self-reports 163, 

and it is likely that this reporting bias also is a problem when studying other aspects of 

the working environment. 

 

The studies that did not rely on self-reported exposure information, but instead on 

methods such as registry linkage, expert assessment, averaging across work units or 

work places, or job exposure matrices, were less likely to be affected by reporting bias 

due to sub-clinical depression. These studies also had the advantage of circumventing 

other non-work related factors that could influence the reporting of psychosocial 

working conditions 64;163, such as personality traits, gender, age, and socioeconomic 

status, which may all affect the risk of depression 20;23. Furthermore, risk estimates 

obtained from grouped exposures are not expected to be attenuated because grouping 

accounts for random misclassification and leads to predominance of Berkson-type 

error in exposure assessment 165. There were, however, only few studies that relied on 

non-self-reported measures of psychosocial working conditions and the results, both 

positive and negative, have to be interpreted with caution. 

 

In the studies of cortisol and depression the exposure measure was well defined and 

was not subject to reporting bias. However, due to the diurnal cortisol variation, the 

exact time of cortisol sampling was important. The inconsistent results of these 

studies may be caused by different sampling times. All studies measuring morning 

cortisol concentration at a fixed time point (08.00 hours) found an association 

between high cortisol concentration and risk of depression, while most studies that 

measured cortisol concentration relative to time of awakening found no such 

association. The daily peak of cortisol concentration is expected to occur about 30 

minutes after awakening, and thus, morning cortisol concentration is affected more by 

the time of awakening than by the time of the day 166;167. Furthermore, depression may 

be associated with a blunted cortisol response when exposed to an acute stressor and a 

subsequent impaired recovery 86. Thus, it is possible that the samples collected at the 

fixed time point do not reflect the morning cortisol peak, but the capacity for recovery 

following the morning peak, which could explain why these studies showed an 

association between cortisol concentration and depression, since the participants had a 

high risk of developing depression and may also have had a blunted cortisol response. 
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1.4.3 Measures of depression 
The majority of studies of cortisol relied on a clinical interview to identify cases of 

depression, but the studies of psychosocial working conditions used numerous 

methods. The different methods used to identify the cases of depression may have 

reduced comparability between studies and some measures of depression may have 

caused misclassification. 

 

While most questionnaire based diagnoses of depression are both effective and 

validated the clinical interview is, however, the gold standard of diagnosing 

depression 34, and the studies that used clinical interviews would be less likely to have  

misclassified depression than studies that used questionnaires or other methods of 

diagnosing depression. 

 

Most studies that used questionnaires to measure psychosocial working conditions 

also used questionnaires to diagnose depression. When both data on exposure and 

outcome were collected by the same method, such as self-administered 

questionnaires, the results could be affected by common method bias 41, and the risk 

of circular reasoning and trivial results was increased 163. Thus, it is likely that the 

stronger associations between psychosocial working conditions and depression shown 

in studies using questionnaire diagnosed depression were, at least in part, caused by 

common-method bias.  

 

1.4.4 Study population 
The populations in the studies of psychosocial working conditions differed in 

composition by gender, occupations, nationality, socioeconomic status, age, and many 

other characteristics, but were predominantly healthy, adult working populations. 

Depression is twice as frequent 13, has an earlier onset, higher rate of recurrence, 

longer duration, and lower rate of spontaneous remission in women than in men 168. 

The substantial gender differences in depression were reflected in the fact that all 

studies included only participants of a single gender, adjusted for gender in their 

analysis, or performed analyses separately for both genders.  
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The studies that examined the association between cortisol and the risk of depression 

were performed on more similar study populations. The majority of these studies were 

performed on small groups of teenagers at high risk for developing depression.  

 

The age of the study population is important when studying cortisol. Compared to 

non-depressed peers, young adults currently suffering from depression have a higher 

morning cortisol concentration, daily mean cortisol concentrations, and cortisol 

awakening response. However, no such difference between the depressed and non-

depressed was found for older adults 169. Thus the results may not be comparable 

between the age groups, and results based on teenagers in high risk of depression may 

not be generalized to a healthy adult population. 

 

The studies of cortisol were mainly performed on participants in high risk of 

developing depression due to personality traits or familial disposition. The relatively 

small numbers of participants in these studies explain the need to select participants 

with a high risk for developing depression in order to obtain sufficient cases for a 

statistical analysis. However, the association between cortisol and depression in a high 

risk group may not be comparable to the association in the entire population. There 

was some indication that high morning cortisol concentration is a risk factor for 

depression among children and adolescents The association between cortisol 

concentration and subsequent depression among adults has so far only been examined 

in a single study of a high risk population that showed an association between high 

morning cortisol concentration and risk of depression, but no association between 

evening cortisol concentration and depression. No studies have included a large, 

healthy, adult working population.  

 

1.4.5 Duration of follow-up 
Only one study has a follow-up time shorter than 1 year 147. The relatively long 

duration of follow-up may be a problem, since a depressive episode rarely last more 

than half a year 25;26. Most studies only measured depression at follow-up and were 

unable to identify transient depression. Furthermore, they were unable to show any 

immediate effect of the psychosocial working environment or cortisol concentration 

since a quickly developed depression would likely have run its course by the time of 
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the follow-up examination. Thus, the studies with a long duration of follow-up would 

be more likely to identify cases of chronic or long-term depression than cases of 

short-term depression. This will be a problem if the risk factors in the working 

environment are different for long-term and short-term depression.  

 

Shortly after a stressful life-event the risk of depression increases steeply and declines 

during the following months 170. However, long-term contextual threats also increase 

the risk of depression, but not nearly as immediately as stressful life events 171. The 

intensity of the psychosocial working conditions measured varies from intense 

exposures such as hazardous working condition, threats, and violent assaults to less 

intense exposures such as monotonous working conditions and lack of opportunities 

for development. It is unknown if the temporal relation between these different 

exposures differ. One may speculate that the more intense and immediate exposures 

may be more similar to stressful life events, while the less intense but persistent 

exposures may be similar to long-term contextual threat. Thus, the associations 

between the different exposures and depression may vary according to the duration of 

follow-up used in the studies. Overall the strongest effects were seen in studies with a 

short duration of follow-up (Figure 5).  

 

The association between cortisol and subsequent depression may decrease over time 

and thus the strongest associations may be expected in studies with a short duration of 

follow-up 160. This was, however, a limitation of all the studies, and is thus unlikely to 

explain any inconsistent results. 

 

1.4.6 Confounder adjustment 
Many studies excluded depressed participants at baseline 2;41. This method can be 

used to avoid bias due to reverse causation, but may not be sufficient when studying 

depression. Depression is an insidious disorder that may have a long preclinical 

course with sub-clinical depressive symptoms. This sub-clinical depression can also 

be a cause of bias and inflate the reporting of psychosocial working conditions 163. 

One way to prevent such bias is, as previously mentioned, to avoid using self-reported 

exposure information. Another way is to adjust for sub-clinical depressive symptoms 

measured at baseline. This will not prevent other non-work related factors from 
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affecting the results, but will circumvent any bias caused by sub-clinical depression if 

adequately adjusted for. There were, however, only small differences between the 

estimates from studies with and without adjustment for baseline depressive symptoms. 

 

The majority of studies included many well-known risk factors for depression in their 

statistical analyses (age, gender, socioeconomic factors), and generally performed 

adequate confounder adjustment. Few studies did only perform limited confounder 

adjustment (Table 1). These studies often had a very homogenous study population 
115;119;127 or performed structural equation modeling 147;150. Thus, the results from the 

meta-analysis were unlikely to be biased by insufficient adjustment for confounders. 

 

1.4.7 Qualitative synthesis 
The results from the studies that were not included in the meta-analysis can still be 

compared to those that were included if they examined the same exposures. There 

were 17 such studies 48;106;111;112;114;116;118;120;124;133;135;141;144;146-148;151. Overall, they 

showed conflicting results with almost as many studies showing no association 

between the measures exposures as studies showing a significant association. 

Specifically, the only measure of exposure examined by more than one study that did 

not show contradictory results was psychological demands that was related to 

depression in all six examining studies 48;114;118;135;148;151, though only for men in one 

of the studies 135. However, there was an indication of publication bias in the studies 

of psychological demands that have been included in the meta-analysis (Appendix 2, 

figure 30), which could also have affected these studies and further inflated the 

association between psychological demands and depression. Only one study was not 

based on self-reported exposure 48, and showed a significant association with 

psychological demands and work load. This did not support that reporting bias had 

inflated the associations. The few studies that did not rely on questionnaire based 

diagnoses of depression primarily showed no associations 106;116;151, except for the one 

study using non-self-reported exposure measures 48. This supports the pattern from the 

meta-analysis where questionnaire diagnosed depression seemed to have inflated 

results. However, based on only one study not relying on self-reported exposure 

measures and four studies not relying on questionnaire diagnosed depression the 

evidence is sparse.  
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The remaining 57 exposure measures not included in the meta-analysis were too 

numerous and each based on too few studies to merit a detailed description. Overall, 

the majority of the exposure measures were not related to depression (n=34), some 

were related to depression (n=17), and few showed conflicting results (n=6). Some 

studies not relying on self-reported measures of exposure showed no association 

between any of the 57 types of exposure and depression 35;49, one study showed a 

significant association 67, one study showed an associations for one type of exposure, 

but not for six others 70, and one study showed an association only for women 38. Five 

studies not relying on questionnaire diagnosed depression showed no association 

between any of the 57 types of exposure and depression 35;37;49;65;116;137, three showed 

only significant associations 67;123;152, and five showed both exposures that were 

related to depression and exposures that were not related to depression 38;54;106;139;149. 

This did not provide any clear indication that studies using self-reported exposure 

measures or questionnaire diagnosed depression were less prone to find significant 

associations between the psychosocial working conditions and depression, as the 

number of studies in each category reflects that there were only half as many 

exposures related to depression (n=17) as not related to depression (n=34) based on 

the studies presented in table 1. 

 

1.5 Conclusions leading to the present studies 
Results from previous studies were in line with a moderately increased risk of 

depression following adverse psychosocial working conditions. This association often 

diminished or disappeared if a diagnosis of depression was based on clinical 

interviews and especially in studies not relying on self-reported exposure. There were 

limited evidence supporting an association between psychosocial working conditions 

and depression that did not rely on self-reported exposure information and 

questionnaire diagnosed depression. More studies are needed to determine if the 

association shown in previous studies is a product of bias caused by self-reported 

exposure measures and questionnaire diagnosed depression. 

 

The results for cortisol have primarily been based on cross-sectional studies and the 

few longitudinal studies were limited by different measures of cortisol. Only a single 
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longitudinal study examined an adult population. The cross-sectional studies showed a 

somewhat consistent pattern of an increased cortisol concentration among the 

depressed. The longitudinal studies indicated the same association, but the results 

were far from consistent. More studies are needed to examine if increased cortisol 

concentration is a risk factor for depression in an adult population. 
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2 Aims of the thesis 
 

The thesis presents the results of the PhD study with the following objectives: 

 

 To examine if high psychological demands or low decision latitude in a work-

unit increase the risk of depression (Study I). 

 

 To examine if low procedural or relational justice in a work-unit increase the 

risk of depression (Study II). 

 

 To examine if high cortisol concentration or low difference between morning 

and evening cortisol concentration is a risk factor of depression (Study III). 
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3 Materials and methods 
 

3.1 Design 
The studies in this thesis are based on the Danish PRISME cohort established in 2007 
163 and re-examined in 2009. All three studies have a longitudinal design with baseline 

in 2007 and follow-up in 2009. In 2007 we measured psychosocial working 

conditions and salivary cortisol. Cases of depression were identified in both 2007 and 

2009 by a two-step procedure: First, participants reporting mental symptoms 

(symptoms of depression, stress, or burn-out) were identified. Second, participants 

were invited to take part in a standardized psychiatric interview to clinically diagnose 

depression. Study I examines the association between psychological demands and 

decision latitude at baseline and depression at follow-up. Study II examines the 

association between procedural justice and relational justice at baseline and 

depression at follow-up. Study III examines the association between salivary cortisol 

concentration at baseline and depression at follow-up. 

 

3.2 Population 
Study I+II: 10,036 public employees from 502 work units were recruited and 4,489 

employees from 474 work units participated by filling in a postal questionnaire 

concerning working conditions and health. Participants with depression at baseline 

(n=100), with no identifiable work-unit leader (n=5), and members of work-units with 

less than three responders who were non-depressed at both baseline and follow-up 

(n=147) were excluded. A total of 4,237 participants from 378 work units were 

eligible for follow up, and 3,046 employees from 376 work units participated, 

comprising the final study population for study I. In study II the final study 

population were 3,047 participants. The difference in participants was due to a 

different number of missing questionnaire answers in the exposure measures of the 

two studies.  

 

Study III: 10,036 public employees were recruited and 4,467 employees participated 

by collecting saliva samples and filling in a postal questionnaire. Participants with a 

depression at baseline (n=98) and pregnant women (n=138) were excluded. A total of 
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4,231 participants were eligible for follow up, and 3,031 participated. Of these 2,920 

provided at least one valid saliva sample and comprised the final study population for 

study III. 

 

3.3 Measures of psychosocial working conditions (Study 
I+II) 
To avoid any reporting bias caused by depression, mean values of the psychosocial 

working conditions were calculated for each of the 376 work units after the exclusion 

of participants with depression at baseline or at follow-up. The mean values were 

assigned to all employees in a particular work unit.  

 

Psychosocial working conditions were measured according to Karasek’s and 

Theorell’s job strain model 42 in study I, and according to the Moormans 

organisational justice model 172 in study II.  

 

In study I, psychological demands, decision authority, and skill discretion were each 

measured by four items on a scale from “always” (1) to “never” (5). For each scale, a 

mean value of the four items was calculated. Decision latitude was computed as the 

mean value of decision authority and skill discretion. In study II, procedural and 

relational justice were also measured as the mean of four items rated on a five-point 

scale from “strongly disagree” (1) to “strongly agree” (5).  

 

3.4 Measures of salivary cortisol concentration (Study III) 
All participants were instructed to collect saliva samples 30 minutes after awakening, 

and at 8 PM, using a cotton swap. Determination of the cortisol concentration was 

carried out with a competitive radioimmunoassay. The samples were considered valid 

if morning samples were collected within two hours of awakening, and evening 

samples were collected between 5 PM and 4 AM. There were a total of 2,615 valid 

morning samples, 2,856 valid evening samples, and 2,533 participants collected both 

valid morning and evening samples. Only valid samples were included in the 

analyses. 
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Morning and evening cortisol concentration were measured directly, and daily mean 

cortisol concentration and morning-to-evening slope were derived from the morning 

and evening values. The daily mean cortisol concentration was calculated as the mean 

of morning and evening cortisol concentration. Morning-to-evening slope was 

calculated as the difference between morning and evening cortisol concentration 

divided by the number of hours between the collections of the two samples. Only 

participants with both valid morning and evening samples, where the evening sample 

were collected at least nine hours after the morning sample, were included in analyses 

of daily mean and morning-to-evening slope. 

 

 

3.5 Measures of mental symptoms (Study I-III) 
Due to limited resources it was not possible to invite all participants to take part in a 

standardized psychiatric interview to clinically diagnose cases with depression. The 

presence and severity of mental symptoms related to depression was used as a 

screening tool to select participants for the psychiatric interview. Depressive 

symptoms was assessed by the Common Mental Disorder Questionnaire subscale for 

depression (six items) 34, stress by the Perceived Stress Scale (four items) 173, and 

burn-out by the Copenhagen Burn-Out Inventory (six items) 174. All questions 

concerned the last four weeks and responses were given on five-point scales (scores 1 

to 5).  

 

At baseline, participants were selected for the psychiatric interview if their point score 

was 3.0 or higher on three or more of the six items on the depression scale, the mean 

score was 2.5 or more on the stress scale, or the mean score was 4.0 or more on the 

burn-out scale.  

 

At follow-up participants with high scores in at least two of the three mental symptom 

scales (depressive scores of 3.0 or higher on two or more of the six items, average 

stress and burn-out scores of 2.5 or higher) were selected for the psychiatric interview.  
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3.6 Diagnosis of depression (Study I-III) 
Diagnoses of depression were obtained by the Schedules for Clinical Assessment in 

Neuropsychiatry (SCAN) interview (version 2.1 part I, section six, seven, eight, and 

ten) 28 according to the ICD-10 classification of mental and behavioural disorders: 

diagnostic criteria for research (ICD-10-DCR). All questions referred to the previous 

three months. Diagnosis of depression was categorized as a dichotomous variable 

including mild, moderate, and severe cases of depression. 

 

 

3.7 Cases of depression (Study I-III) 
In study I+II, a total of 100 participants were diagnosed with depression and 

excluded from the study at baseline. The ICD-10-DCR diagnostic criteria for a mild, 

moderate, and severe depressive episode were fulfilled for 40, 43 and 17 participants, 

respectively. At follow-up, a total of 58 participants were diagnosed with depression. 

The ICD-10-DCR diagnostic criteria for a mild, moderate, and severe depressive 

episode were fulfilled for 15, 32 and 11 participants, respectively. 

 

In study III, a total of 98 participants were diagnosed with depression, since two of 

the depressed participants from study I and II did not collect saliva samples. At 

follow-up, a total of 63 participants were diagnosed with depression. The ICD-10-

DCR diagnostic criteria for a mild, moderate, and severe depressive episode were 

fulfilled for 19, 32 and 12 participants, respectively. 

 

 

3.8 Statistical analyses (Study I-III) 
In study I, odds ratios of depression were analysed by logistic regression with robust 

clusters based on the work unit of the participants 175. Analyses were performed on a 

continuous-scale and with tertile categorization. In study I, the following potential 

confounders were included and measured based at baseline: gender, age, previous 

episodes of depression, family history of depression, income, years of education 

beyond primary or high school, full-time work, alcohol consumption, living alone, 

neuroticism, baseline depressive symptoms, body mass index, and smoking. 

Traumatic life events 176 during the last six months were included measured at follow-
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up. A second model included only previous depression, traumatic life events, 

depressive symptoms, and neuroticism as covariates. These covariates were 

determined by likelihood-ratio testing and stepwise exclusion of non-significant 

terms. The data were examined for an interaction between the two exposure variables 

as both continuous data and dichotomous data split on the median level. Linearity of 

the relation between the exposure variables and depression was examined by logistic 

regression models including quadratic and cubic terms and by locally weighted 

scatterplot smoothing 177. The associations were further explored using regression 

analysis with restricted cubic splines due to the non-linear relation between the two.  

 

In study II, odds ratios of depression were analysed by logistic regression with robust 

clusters based on the work unit of the participants 175. Analyses were performed on a 

continuous-scale and with tertile categorization. The homogeneity of self-reported 

procedural and relational justice within the work units were assessed by within-group 

interrater agreement indices 178. In study II, the following potential confounders were 

included and measured based at baseline: gender, age, previous episodes of 

depression, family history of depression, income, years of education beyond primary 

or high school, alcohol consumption, living alone, neuroticism, baseline depressive 

symptoms, body mass index, and smoking. Traumatic life events 176 during the last six 

months were included measured at follow-up. A second model included only gender, 

previous depression, traumatic life events, living alone, baseline depressive 

symptoms, and neuroticism as covariates. These covariates were determined by 

likelihood-ratio testing and stepwise exclusion of non-significant terms. Linearity of 

the relation between the continuous exposure measures and depression were tested 

using likelihood-ratio tests comparing linear models to models including quadratic 

transformations, cubic transformations, and restricted cubic spline regression analysis 

 

In study III, odds ratios of depression were analysed by logistic regression. 

Logarithm transformation was used to normalize the cortisol distribution. Analyses 

were performed on a continuous-scale and with tertile categorization. Linearity of the 

relation between the continuous cortisol measures and depression were tested using 

likelihood-ratio tests comparing linear models to models including both linear and 

quadratic terms as covariates. In study III, the following potential confounders were 

included and measured at baseline: gender, age, previous episodes of depression, 
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family history of depression, income, and years of education beyond primary or high 

school, alcohol consumption, body mass index, and smoking. A second model did not 

include lifestyle factors (alcohol consumption, body mass index, and smoking). 

Linearity of the relation between the continuous cortisol measures and depression 

were tested using likelihood-ratio tests comparing linear models to models including 

quadratic transformations. The effect of measuring time was examined in sub-

analyses where only the 90%, 80% and 70% of the population that collected their 

saliva samples closest to the intended time of sampling were included. 
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4 Results 
 

Study I: A two-year follow-up study of risk of depressing according to work-unit 

measures of psychological demands and decision latitude 

 

Main findings 

Psychological demands and decision latitude were not significantly associated with 

depression. The adjusted odds ratio of the highest and the medium tertiles of 

psychological demands compared to the lowest tertile were 0.80 (95% CI: 0.38, 1.69) 

and 0.72 (95% CI: 0.33, 1.57), respectively. For low decision latitude, we found an 

adjusted odds ratio of 1.85 (95% CI: 0.55, 6.26) for a one point decrease on the five-

point scale. In analyses of the decision latitude sub-scales, we found adjusted odds 

ratios of depression of 1.58 (95% CI: 0.71, 3.53) for decision authority and 1.23 (95% 

CI: 0.32, 4.67) for skill discretion for a one point decrease on the five-point scales. 

 

Additional analyses 

By likelihood-ratio testing, we found no significant differences between the two 

models with different covariates for neither psychological demands nor decision 

latitude. We observed no interaction between psychological demands and decision 

latitude as dichotomous exposure variables or continuous exposure variables. The 

relation between the level of psychological demands and depression was not accepted 

as linear, but we found a linear relation between the level of decision latitude and 

depression using both locally weighted scatterplot smoothing and likelihood-ratio 

testing.  
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Study II: Justice at work and the risk of depression: a prospective two-year 

cohort study 

 

Main findings 

Members of work units with low levels of procedural or relational justice had a 

substantially increased risk of developing depression over a two-year period. The 

adjusted odds ratios for a one-point decrease on the five-point justice scales were 2.96 

(95% CI: 1.19, 7.34) and 4.84 (95% CI: 2.15, 10.90) for procedural and relational 

justice, respectively. 

 

Additional analyses 

We found an average interrater agreement of 0.75 for procedural justice and 0.77 for 

relational justice, indicating a strong homogeneity within work units. By likelihood-

ratio testing, we found no significant differences between the two models with 

different covariates for neither procedural nor relational justice, but we did find 

similar results in both models. Neither quadratic, nor cubic, nor spline models fitted 

the data significantly better than the linear models of exposure. We found no 

interaction between gender and procedural justice (p=0.84) or gender and relational 

justice (p=0.85), and found very similar results when examining only female 

participants. One depressed participant would not have been included among the 

depressed cases if we had applied the same screening criteria for being invited to the 

psychiatric interviews at baseline as at follow-up. Excluding this single participant did 

not change our results. 
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Study III: A two-year follow-up study of salivary cortisol concentration and the 

risk of depression 

 

Main findings 

Participants with a high daily mean concentration of cortisol or a steep morning-to-

evening slope had a decreased risk of depression two years later. Morning cortisol 

concentration and evening cortisol concentration were not significantly associated 

with depression. The adjusted odds ratio for 1.0 nmol/l increase on the logarithmic 

scale in morning, evening, and daily mean cortisol concentration were 0.69 (95% CI: 

0.45, 1.05), 0.87 (95% CI: 0.59, 1.28), and 0.53 (95% CI: 0.32, 0.90), respectively. 

The adjusted odds ratio for a 1.0 nmol/l increase in slope on the logarithmic scale was 

0.64 (95% CI: 0.45, 0.90). 

 

Additional analyses 

We did find similar results in the model including lifestyle factors as covariates and 

the model not including lifestyle factors. Models with quadratic terms of cortisol 

concentration included as covariates did not perform significantly better than the 

simple linear models. The sub-analyses including only the 70-90% of the population 

that collected their saliva samples closest to the intended time of sampling showed 

even stronger inverse relations between saliva cortisol level and odds ratio of 

depression than the analyses including the whole study population. 
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5 Discussion 
  

5.1                 Main results 
Being part of a work-unit with high psychological demands or low decision latitude 

did not predict onset of depression. Low procedural justice and low relational justice 

predicted onset of depression. There was no indication that increased cortisol level is 

a risk factor for depression, but the opposite was indicated. The risk of depression 

decreased by increasing daily mean cortisol concentration and by increasing 

difference between morning and evening concentrations. There was no association 

between morning or evening cortisol concentrations and depression. 

 

5.2                 Measures of exposure 
 

5.2.1              Reporting bias and misclassification of exposure 
One of the methodological characteristics of the previous studies of psychosocial 

working conditions and depression (Table 1) that most consistently affected the 

association between exposure and depression was whether the exposure measure was 

based on self-reported information or not. A likely explanation is that the studies that 

have relied on self-reported exposure information were subject to reporting bias, 

because depressed mood may affect the individual’s perception and reporting of the 

work environment. This is relevant even in follow-up studies, because depression 

often has a long insidious preclinical stage 2;163;179. 

    

To circumvent the problem of biased self-reporting of psychosocial working 

conditions we excluded participants who were diagnosed with depression at baseline 

or follow up from the calculation of the work-unit mean exposure scores. By 

including only participants who were non-depressed throughout the study we avoided 

reporting bias related to current depression or preclinical depressive symptoms which 

could influence the assessment of working conditions. Other individual factors that 

may cause reporting bias, such as personality traits and health, were circumvented as 

well 64. 
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Another possible explanation of the differences between the studies relying on self-

reported exposure information and those that do not, is that the methods used to obtain 

the non-self-reported information are prone to non-differential misclassification of 

exposure 180. Working conditions may vary significantly between workers within a 

work unit, and one may argue that this variance was not captured by our work-unit 

average exposure measure. It is also possible that the work-unit-level was not the 

level that is most suitable for aggregation. Aggregation at the workplace-level or 

based on job titles are other possibilities that might be more suitable and cause less 

misclassification of exposure in some cases 64. Even though we explicitly identified 

units of workers that shared leadership, colleagues, and work content it is unlikely that 

every member of a specific work unit were exposed to identical levels of 

psychological demands, decision latitude, and justice. We did, however, find a strong 

homogeneity within work units (average interrater agreement of 0.75 for procedural 

justice and 0.77 for relational justice), which justified aggregation in a multilevel 

analysis 178. Furthermore, risk estimates obtained from grouped exposures are not 

expected to be attenuated because grouping accounts for random misclassification and 

leads to predominance of Berkson type error in exposure assessment 165. 

 

Reporting bias was not an issue when measuring salivary cortisol concentration, and 

misclassification of exposure was unlikely since the method used to determine the 

cortisol concentration is precise and validated 181;182. 

 

5.2.2              Correlation of exposure measures  
Many different measures of the psychosocial working environment are somewhat 

similar. This is also the case for procedural justice, relational justice, and decision 

latitude, which all, to some degree, measure the workers influence over their working 

environment 42;47. Decision latitude was moderately correlated to procedural justice 

(r=0.44) and relational justice (r=0.41). Procedural justice was highly correlated to 

relational justice (r=0.60), but psychological demands were not significantly 

correlated to decision latitude, procedural justice, or relational justice. Further studies 

are needed to determine if procedural and relational justice are both risk factors for 
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depression if they are included in the same statistical models or if the association 

between depression and one type of justice is mediated by the other type.  

 

Slope, morning, and mean cortisol concentration were highly correlated (r>0.9). 

Evening cortisol was correlated to mean cortisol concentration (r=0.4) but not to slope 

or morning cortisol concentration. The four cortisol measures did not reflect four 

independent factors. This was no surprise since slope and mean cortisol concentration 

were derived from the morning and evening cortisol levels.  

 

 

5.2.3              Time of cortisol sampling  
Due to the diurnal cortisol variation and differences in cortisol awakening response 

among depressed and non-depressed participants, we had to take sampling time into 

account, since the same may be the case for those who develop depression from 

baseline to follow-up. The morning cortisol concentration peaks about 30 minutes 

after awakening 166;167, which is the time we instructed the participants to collect their 

morning saliva samples. Many participants did, however, not collect the sample at this 

exact time. Similarly, many participants did not collect their evening sample at the 

instructed time. The imprecise cortisol sampling may be a source of misclassification 

or may have biased results if sampling time is related to subclinical depression or 

other correlates that predict later depression. To examine the effect of the imprecise 

sampling times we performed a sensitivity analysis based only on the sub-group of 

participants who collected their samples closest to the instructed time. This analysis 

showed even lower odds ratios of depression for this sub-group compared to the 

original results. This indicates that the imprecise sampling times have biased our 

results and that we can expect even smaller odds ratios of depression for higher levels 

of morning cortisol concentration, evening cortisol concentration, daily mean cortisol 

concentration, and morning-to-evening slope.  
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5.3                 Measures of depression 
 

5.3.1              Change in screening procedures 
We identified participants reporting symptoms of depression, stress, or burn-out in the 

baseline and follow-up questionnaire, and invited them to take part in the standardized 

psychiatric interviews to clinically diagnose cases with depression. However, the 

selection criteria for the interviews changed from baseline to follow-up and this may 

have affected our results. The different threshold at follow-up could result in problems 

with identifying whether the new cases of depression were actually also depressed at 

baseline and not really incident cases of depression. However, only a single depressed 

participant would not have been selected for the psychiatric interview at follow-up, 

and subsequently diagnosed with depression, if we had applied the baseline selection 

criteria for follow-up as well. As expected, a sensitivity analysis showed that 

excluding this participant did not change the results in the study of justice and 

depression. Substantial changes due to the exclusion of this one participant are 

unlikely in the other studies.  

 

5.3.2              Low number of depressed participants 
The prevalence of clinical depression in Denmark is approximately 4% 183. With a 

source population of 10,036 people, we would expect about 400 cases of prevalent 

depression at baseline if our study population was representative of the general 

population. Even with the low baseline participation rate (45%) we would have 

expected nearly twice the number of cases in a representative population compared to 

the 100 cases we identified. The low number may in part be due to a healthy worker 

effect into the occupational groups studied as well as participation into the study 

population. The latter was corroborated by our finding that non-participants at 

baseline were more often prescribed antidepressant medication than those who 

participated 184. Some participants with depression would also not have been 

identified by our screening procedure. The true number of unidentified cases of 

depression is unknown, but we expect that few depressed participants have been 

missed. The primary reason for the low number of depressed participants is thus likely 
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to be that our study population is a working population and not representative of the 

general population in Denmark.  

 

5.3.3              Time dependent sampling of cases with depression 
There are two primary challenges when selecting duration of follow-up for a study 

that only identify cases of depression at baseline and follow-up, and are not able to 

identify transient cases of depression in the intervening time. One is the identification 

of both short-term and long-term cases of depression. The other is selection of an 

appropriately long duration in which the psychosocial working conditions have 

enough time to cause new cases of depression, if there is a causal relation. 

 

We only identified cases of depression at baseline and follow-up. Thus, we were not 

able to identify and include transient cases of depression occurring during the two-

year period in-between baseline and follow-up. Thus, it is possible that several 

participants in our study have developed and recovered from depression during the 

two year period. Depressive episodes typically have durations between 3 months and 

a year, and only 20% of the episodes last for longer than 2 years 26. The inability to 

identify transient cases may have caused us to oversample cases of prolonged or 

chronic depression. Most previous studies have used a similar procedure for case 

identification, and only examine participants at baseline and follow-up, but the 

duration between baseline and follow-up varies from study to study. This may reduce 

the comparability across different studies since there may be differences between 

those participants who are not depressed at baseline, but who are depressed 1 year 

later, those who are depressed 2 years later, and those who develop depression later 

than that. This will especially be a problem if there are different risk factors for long-

term and short-term depression.  

 

The temporal relations between psychosocial working conditions, cortisol, and 

depression are uncertain. Following a traumatic life-event the risk of depression 

increases steeply and then declines during the subsequent months 170, while long-term 

contextual threats have also been shown to increase risk of depression significantly 
171. If the psychological demands, decision latitude, justice, and high cortisol levels 

are immediate risk factors of depression, as is the case for traumatic life-events, our 
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follow-up period may have been sub-optimal and our effects underestimated. 

However, there is no indication of the effect estimate depending on the duration of 

follow-up in the studies of psychosocial working conditions and depression. 

Additionally, we performed a sensitivity analysis of questionnaire-reported physician-

diagnosed cases of depression from baseline to follow-up, where transient cases of 

depression may have been identified. The results from this sensitivity analysis were 

based on the association between psychological demands, decision latitude, and 

depression, and were comparable to the results of the primary analysis. Thus, there 

was no indication that the undiagnosed cases of depression between baseline and 

follow-up affected the odds ratio estimates.  

 

5.4                 Study population and design 
 

5.4.1              Participation at baseline 
The baseline participation rate was low (45%), which could have biased results, if 

participation was associated with exposure as well as depression. We investigated this 

by extrapolating the work unit estimates of psychological demands, decision latitude, 

and justice to the non-responding members of work units with responding colleagues, 

and by accessing registry information on redeemed antidepressant medication for the 

entire source population that has been published elsewhere 184. We found no 

indication that the low baseline participation distorted the estimates of the association 

between psychological demands, decision latitude, justice, and depression, since none 

of the associations between these exposure measures and antidepressant use were 

different for participants and non-participants at baseline. We had no way to assess 

cortisol concentration for non-participants at baseline, but we would not expect 

cortisol concentration to be related to participation. If cortisol concentration were 

related to participation status, our results may have been biased due to differential 

participation, since participation status was associated to depression.  

 

5.4.2              Participation at follow-up 
The participation rate at follow-up was higher (72%) than at baseline, but there is still 

a risk that our results could be affected by selection bias. We did, however, find no 
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difference in baseline levels of psychological demands between participants and non-

participants at follow-up. We found only small differences in decision latitude, 

procedural justice, relational justice, morning cortisol concentration, and evening 

cortisol concentration between participants and non-participants at follow-up. These 

small differences may indicate some selection bias, but baseline exposure and 

depressive symptoms did not significantly predict participation at follow-up and we 

found that the relation between cortisol concentration and depressive symptoms at 

baseline did not differ between participants and non-participants at follow-up. Thus, 

strong bias due to selective loss to follow-up is unlikely. 

 

5.4.3              Limited statistical power 
The studies included only 63 cases of depression, and 5 of those were excluded in the 

studies of psychosocial working conditions since they were not part of a work-unit 

with three or more non-depressed participants, leaving 58 cases of depression. This 

limits the statistical power of the study and the ability to adjust for all potential 

confounders. The crude and adjusted results were, however, very similar in the 

analyses of psychological demands, decision latitude, morning cortisol concentration, 

evening cortisol concentration, daily mean cortisol concentration, and morning-to-

evening slope. The adjusted association between procedural justice, relational justice, 

and depression were stronger than the crude associations. This increase was primarily 

because female gender, low income, and frequent previous depression were 

negatively related to work-unit levels of justice and positively related to depression. 

Adjusting for them, thus, increased the association between justice and depression.  

 

Due to the limited statistical power we would be unable to show any low to moderate 

associations between the exposure measures and depression. Results from most 

previous studies have shown a moderate association between psychosocial working 

conditions and depression. This association was even smaller in studies that do not 

use self-reported exposure and outcome information. The combination of low 

statistical power and a low to moderate expected association between exposure and 

outcome increased the risk of a false negative result. Thus, it is possible that the non-

significant findings for psychological demands, decision latitude, morning cortisol 

concentration, and evening cortisol concentration are false negatives due to 
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insufficient statistical power. This was more likely in the cases of decision latitude 

and morning cortisol concentration, where the results were borderline-significant. The 

most appropriate conclusion, however, is that there are no associations between 

psychological demands, decision latitude, morning cortisol concentration, evening 

cortisol concentration, and depression. 

 

5.4.4  Confounding 
The selection of potential confounders was based on a review of the literature and 

includes many known risk factors for depression 19;20;22-24. Some potential 

confounders are well defined and easily measured, such as age and gender, while 

others are more challenging, such as personality, lifestyle, and socioeconomic status. 

Working conditions are likely to be related to social class and thereby to lifestyle 

factors 185. We adjusted for income, educational level, alcohol consumption, body 

mass index and smoking in all studies, and any effects of confounding from non-

controlled socioeconomic and lifestyle factors therefore seem small. Some personality 

traits may influence the perception of ones working conditions and may be risk factors 

of depression 22;164;186. Thus, in the studies of psychosocial working conditions and 

depression, we included neuroticism as a possible confounder, but did not take other 

personality traits into account. Neuroticism is the personality trait that is the strongest 

risk factor of depression 22. Trait anxiety and hostility have also been suggested to be 

related to depression, but did not have strong confounding effects on the relation 

between perceived justice and depression in a recent study 186. This makes 

confounding due to these personality traits unlikely in our study.  

 

The limited statistical power and accompanying limited ability to adjust for all 

potential confounders may have biased our results. We did not adjust for alternative 

psychosocial working conditions, and were thus unable to determine whether the 

shown associations are mediated by other factors in the work environment. Many 

other psychosocial working conditions have been suggested as possible causes of 

depression, such as social support, effort-reward imbalance, work climate, or 

management style 2;41;43, and could confound our results when not adjusted for. On the 

other hand, many factors in the work environment are highly correlated, such as 

procedural justice, relational justice, and effort-reward imbalance 56 and one such 
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factor may be a part of the causal chain connecting another factor to depression. One 

such example is that management style can affect justice at the workplace 187. Thus, it 

could bias the association of justice and depression to adjust for management style.  

 

5.5 Possible biological mechanisms 
Physiological stress has been suggested to be the mechanism linking psychological 

stressors in a social context to somatic diseases 81;82. More specifically, increased 

activation of the HPA-axis has been suggested as a biological pathway linking 

psychosocial stressors to depression 8-11. While the studies included in this thesis do 

not directly examine this hypothesis and were not designed to do so, we would still 

expect the results to reflect the above hypothesis if it is true. Thus, we would expect 

study I and II to show that a high level of psychological demands and low levels of 

decision latitude, procedural justice and relational justice were associated with a high 

risk of depression. Likewise, we would expect study III to show that a high cortisol 

concentration was associated with a high risk of depression. 

 

This was not the case. While study II did show that procedural and relational justice 

were related to subsequent depression, study I showed no association between 

psychological demands, decision latitude and depression, and study III showed that 

high cortisol levels were not a risk factor of depression, but that low cortisol levels 

may be associated with depression. Our results, while not in line with the above 

hypothesis, were in line with the homeostasis 188 and allostasis 82 models, which 

suggest that hyperactivity, as well as hypoactivity, of the physiological stress system 

can be harmful. The HPA-axis responds to demanding and threatening situations in 

daily life and allows organisms to adapt to physical and psychosocial changes in their 

environments 76. Elevations in cortisol levels typically inhibit the HPA system via 

negative feedback mechanisms in the hippocampus 78;79. A failure to activate the 

physiological stress response in a demanding or threatening situation can cause 

cascade effects when other physiological stress systems need to compensate for the 

failure and will trigger compensatory increases in other physiological systems due to 

lacking counterregulation, which will put too much of a burden on the HPA-axis 82. 

Chronic physiological stress or an inability to turn of the physiological stress response 

when it is no longer needed also puts an unhealthy burden on the body 83.  
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It has been hypothesized that chronic or traumatic stress may result in hypocortisolism 

after a prolonged period of hypercortisolism 97, and several studies show that after 

long-term exposure to stressors, the HPA axis will eventually become dishabituated, 

resulting in a disruption of the regulatory systems and a subsequent decrease of 

cortisol secretion 189. Initially psychosocial stressors may increase cortisol 

concentration, but eventually the concentration could be reduced to below normal 

levels 98. This pattern could also explain the inconsistent results from studies of 

psychosocial working conditions and cortisol 6. 

 

With only a single baseline measure of cortisol, we are not able to determine if our 

study population followed this suggested pattern of initial hypercortisolism and 

subsequent hypocortisolism. It was also not clear from the analyses performed in 

study I-III if psychosocial working conditions were related to cortisol levels. While 

our results were not in line with the hypothesis that increased HPA-axis activity is the 

mechanism linking psychosocial working conditions to depression, it may be in line 

with the hypothesis that a dishabituated or exhausted HPA-axis is a mechanism 

linking psychosocial working conditions to depression, if working conditions are 

related to cortisol in our population. Further analyses are needed to answer that 

question. 

 

5.6                 Comparison with previous findings 
 

5.6.1              Psychological demands, decision latitude, and 
depression 
Psychological demands and decision latitude have frequently showed an increased 

risk of depression 36;65;107;108;128-130;132;134;139;145, and the overall estimates from the 

meta-analysis of all eligible longitudinal studies of psychological demands (OR: 1.21; 

95% CI: 1.12-1.35) and decision latitude (OR: 1.17; 95% CI: 1.06-1.29) showed 

associations to depression (Figure 4). However, there was an indication of strong 

publication bias in the studies of psychological demands and decision latitude 

(Appendix 2 – Figure 24 and 30). Additionally, most studies not relying on self-

reported exposure 35;36;38, studies using a clinical interview to diagnose depression 
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38;65;129, and studies with a follow-up duration of two years of shorter 38;107;122;129;132 

found no association between psychological demands, decision latitude and 

depression, and had a design similar to study I. The overall estimates from these 

subgroup meta-analyses showed no association. Only three studies have examined the 

decision latitude sub-scales, decision authority and skill discretion, and showed no 

overall association between these exposures and depression 35;125;140. We found no 

significant association between psychological demands, decision latitude, decision 

authority, skill discretion, and depression. Since our study did not rely on self-

reported exposure information, used clinical interviews to diagnose depression, and 

had a two year follow-up period, the results were comparable to the previous studies 

with similar characteristics.  

 

5.6.2              Procedural justice, relational justice, and depression 
There are only four previous studies of procedural justice 56;122;144;147 and two studies 

of relational justice and the risk of depression 56;122. Two of the studies showed an 

association between procedural justice and depression 56;144 and between relational 

justice and depression 56;122, while a single study showed no effect of either type of 

justice 147. All these studies relied on self-reported exposure information and 

questionnaire diagnosed depression. Two studies analysed the association between 

justice and depression by structural equation modelling and, thus, were not eligible for 

inclusion in the meta-analysis 144;147. The meta-analysis showed a moderate 

association between procedural justice, relational justice, and depression (Figure 13 

and 15). We found an association between procedural justice, relational justice, and 

the risk of depression. The result of our study is comparable to most other studies 

examining the relation between justice and depression, and is comparable to the 

overall estimate from the meta-analysis of the few eligible studies on this topic 

(Figure 13 and 15). 

 

5.6.3              Cortisol concentration and depression 
There are only few longitudinal studies of cortisol and the risk of depression 154-160. 

Most studies found an association between high morning cortisol concentration and 

subsequent depression 154-156;158;159, but no association between evening cortisol 

concentration and depression 154-157;160. Only few studies examined daily mean 
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cortisol concentration 157;159;160 or morning-to-evening slope 157;160 and neither was 

related to depression in the majority of studies. All studies that found an association 

between cortisol concentration and depression showed that a high cortisol 

concentration increased the risk of depression. We found no association between 

morning cortisol concentration, evening cortisol concentration, and depression, but 

found that a low daily mean cortisol concentration and a low morning-to-evening 

slope increased the risk of depression. This is in conflict with the results from many of 

the previous studies, since no previous study found that low levels of cortisol 

increased the risk of depression. The only result from our study that was comparable 

to the majority of previous studies is that there was no association between evening 

cortisol concentration and depression. The conflicting results are likely caused by 

differences in study populations and methods for measuring morning cortisol 

concentration. No other study examined a healthy, adult, working population, and six 

of the seven previous studies examined children and adolescents 154;156-160. The one 

study that examined adults selects participants in high risk of developing depression 
155.  
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6 Conclusion 
According to prevailing theories and thinking, a demanding work environment as well 

as an increased physiological stress response, are risk factors of depression. However, 

these hypotheses could not be corroborated by this thesis. This thesis, on the other 

hand, indicates that low daily mean salivary cortisol concentration, a small difference 

between morning and evening cortisol concentration, and a work environment 

characterized by low levels of justice were risk factors for depression. Low levels of 

morning cortisol and a work environment characterized by low decision latitude may 

be risk factors of depression, but no statistically significant associations were seen. 

Evening cortisol concentration and a work environment characterized by high levels 

of psychological demands were not risk factors of depression.  
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7  Perspectives 

 

7.1 Practical implications 
We observed that the social interaction in the work place, contrary to workload and 

work pace, is a risk factor of depression. The results of this thesis indicate that a 

consistent work environment where all employees are allowed to voice their concerns 

and challenge the decisions of the management, where supervisors treat their 

employees with kindness, consideration, and truthfulness, and where employees have 

a certain degree of co-determination and are allowed to utilize and develop their work 

specific skills could be an important step in the prevention of depression. These are 

important findings that may guide employers, employees, and regulatory authorities in 

the design of healthy workplaces. 

 

7.2 Perspectives for future studies  
There is a clear and consistent association between the individual’s perception of high 

psychological demands or of low decision latitude and the risk of depression. 

However, the evidence linking any type of psychosocial working conditions and 

depression is much scarcer when not relying on self-reported exposure information. In 

future studies more focus needs to be placed on the source of exposure and outcome 

information to avoid bias. Other theoretical models of the psychosocial working 

conditions than psychological demands and decision latitude, such as organizational 

justice, may provide novel information and needs to be considered. The longitudinal 

studies of cortisol and depression are sparse and have primarily been performed on 

similar study populations comprised of few participants. Studies conducted on healthy 

adults are needed in order to verify or reject the association between low cortisol 

levels and subsequent depression in this population. Further studies examining 

psychosocial stressors, physiological stress, and depression are needed in order to 

understand if physiological stress is the biological pathway linking the psychological 

stressor to poor health. 
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8 English summary 
 

BACKGROUND: Depression is a frequent mental disorder with harmful effects on 

life quality and workplace functioning. The physiological stress response and 

psychosocial stressors at work have been suggested to be causally related to 

depression. The physiological stress response has furthermore been suggested as the 

mechanism linking psychosocial stressors to depression. 

 

Results from the majority of previous longitudinal studies show a moderate 

association between depression and psychosocial stressors at work, such as high 

psychological demands, low decision latitude, or low justice. This association, 

however, is weak or non-existing for studies using clinical interviews to diagnose 

depression or studies not relying on self-reported exposure. Thus, it is unclear if this 

association is a result of bias due to self-reported exposure measures and 

questionnaire diagnosed depression. 

 

Increased cortisol secretion is a marker of the physiological stress response and high 

cortisol levels have repeatedly been reported in cross-sectional studies of patients 

diagnosed with depression. There are only few longitudinal studies examining this 

association, and the results are equivocal, but do overall indicate that high cortisol 

levels may be a risk factor of depression. None of the previous studies examined a 

large, healthy working population. 

 

We aimed to analyse if aggregated workplace measures of psychological demands, 

decision latitude, and justice at work that are robust to reporting bias by the depressed 

are risk factors of subsequent depression. We also aimed to determine if a high level 

of salivary cortisol is a risk factor of depression. 

 

METHODS: In 2007, we enrolled 4,389 non-depressed Danish public employees 

within 474 different work units. Mean levels of psychological demands, decision 

latitude, procedural justice, and relational justice were computed for each work unit 

by averaging the ratings of workers who were non-depressed at both baseline and 

follow-up. The averages were assigned to all workers of each specific work unit. 
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Morning and evening salivary cortisol concentration were collected for each 

participant. Two years later in 2009, 3,154 participated at follow-up. Those reporting 

high levels of depressive, burnout or stress symptoms were assigned to a psychiatric 

diagnostic interview and 63 cases of new onset depression were identified. For the 

analyses of psychosocial stressors at work, we excluded members of work-units with 

less than three valid ratings. Thus, 3,046 participants were included in the analyses of 

psychological demands and decision latitude, and 3,047 participants in the analyses of 

procedural and relational justice. For the analyses of cortisol, we included 2,920 

participants who had provided at least one valid saliva sample at baseline. Depression 

odds ratios were estimated by multivariable logistic regression accounting for 

established risk factors for depression. 

 

RESULTS: Being part of a work-unit with high psychological demands or low 

decision latitude did not predict the onset of depression, but low procedural justice 

and low relational justice predicted onset of depression. The risk of depression 

decreased by increasing daily mean cortisol concentration and by increasing 

difference between morning and evening concentrations. The association between 

morning or evening cortisol concentrations and depression were not statistically 

significant.  

 

CONCLUSION: Our results did not indicate that an increased cortisol level or a work 

environment characterized by high psychological demands and low decision latitude 

are risk factors of depression. However, a low daily mean salivary cortisol 

concentration, a small difference between morning and evening cortisol concentration, 

and a work environment characterized by low levels of justice were risk factors for 

depression. 

 

PERSPECTIVES: According to prevailing theories and thinking, a demanding and 

hectic work environment as well as an increased physiological stress response, are 

risk factors of depression. However, these hypotheses could not be corroborated by 

this thesis. Thus, less focus should be put on workload and work pace and more focus 

on social interaction in the work place, such as organizational justice. These are 

important findings that may guide employers, employees, and regulatory authorities in 

the design of healthy workplaces. 
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9 Danish summary – Dansk resumé 
BAGGRUND: Depression er en hyppig psykisk lidelse med skadelige effekter på 

livskvalitet og arbejdsevne. Det er blevet antaget, at den fysiologiske stressreaktion og 

psykosociale stressfaktorer på arbejdspladsen skulle have en kausal sammenhæng 

med depression. Den fysiologiske stressreaktion har desuden været antaget som 

værende den biologiske mekanisme, der forbinder psykosociale stressfaktorer med 

depression.  

 

Resultater fra størstedelen af tidligere longitudinelle undersøgelser viser en moderat 

sammenhæng mellem depression og psykosociale stressfaktorer på arbejdspladsen, 

såsom høje krav, lav kontrol, eller lav retfærdighed. Denne sammenhæng er imidlertid 

svagere eller ikke-eksisterende i undersøgelser baseret på klinisk diagnosticeret 

depression, og i undersøgelser, der ikke er afhængige af selvrapporterede 

eksponeringsoplysninger. Derfor er det uklart, om denne sammenhæng er et resultat af 

bias som følge af selvrapporterede eksponeringsoplysninger eller spørgeskema-

diagnosticeret depression. Forøget kortisolsekretion er en biomarkør for den 

fysiologiske stressreaktion, og høje kortisolniveauer er gentagne gange, i tværsnits-

undersøgelser, blevet rapporteret hos patienter diagnosticeret med depression. Der er 

kun få longitudinelle studier, der undersøger denne mulige sammenhæng, og selvom 

resultaterne ikke er entydige, tyder det overordnet på, at høje kortisolniveauer kan 

være en risikofaktor for depression. Ingen af disse tidligere studier er udført på en 

stor, rask og erhvervsaktiv studiepopulation.  

 

Vi ønskede at analysere, om målinger på arbejdsenhedsniveau af krav, kontrol og 

retfærdighed på arbejdspladsen, som ikke var påvirket af reporting bias fra 

deprimerede deltagere, er risikofaktorer for depression. Vi ønskede også at undersøge, 

om et højt niveau af spytkortisol er en risikofaktor for depression.  

 

METODER: I 2007 rekrutterede vi 4.389 ikke-deprimerede danske offentligt ansatte 

fra 474 forskellige arbejdsenheder. De gennemsnitlige niveauer af krav, kontrol, 

processuel retfærdighed og relationel retfærdighed blev målt i hver arbejdsenhed på 

baggrund af vurderinger fra ansatte, der ikke var deprimerede ved undersøgelsens 

start eller senere ved dens opfølgning. Disse gennemsnitlige niveauer blev tildelt alle 
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ansatte i en given arbejdsenhed. Morgen- og aftenkortisol-koncentration blev 

indsamlet individuelt for hver enkelt deltager. To år senere i 2009, deltog 3.154 i 

studiets opfølgning. De, som rapporterede høje niveauer af depressions-, 

udbrændtheds- eller stresssymptomer blev indkaldt til et diagnostisk interview, hvor 

63 tilfælde af depression blev identificeret blandt de, som ikke var deprimerede ved 

undersøgelsens start. Ved analyserne af psykosociale stressfaktorer på arbejdspladsen 

ekskluderede vi ansatte fra arbejdsenheder med færre end tre deltagere. Samlet deltog 

3.046 i analyserne af krav og kontrol og 3.047 deltagere i analyserne af processuel og 

relationel retfærdighed. Ved analyserne af kortisol deltog 2.920, som havde afleveret 

mindst én valid spytprøve ved undersøgelsens start. Odds ratio for depression blev 

udregnet med multivariabel logistisk regression og justeret for velkendte 

risikofaktorer for depression.  

 

RESULTATER: At være ansat i en arbejdsenhed med høje psykologiske krav eller 

lav kontrol var ikke en risikofaktor for depression, men at være ansat i en 

arbejdsenhed med lav processuel eller relationel retfærdighed var en risikofaktor for 

depression. En lav gennemsnitsværdi for morgen- og aftenkortisol-koncentration og 

en lav forskel på morgen- og aftenkortisol-koncentration var begge risikofaktorer for 

depression. Vi fandt ingen signifikant sammenhæng mellem morgen- og aftenkortisol-

koncentration og depression.  

 

KONKLUSION: Vores resultater tyder ikke på, at et højt kortisol niveau eller et 

arbejdsmiljø præget af høje krav og lav kontrol er risikofaktorer for depression. 

Resultaterne tyder på, at et lavt gennemsnitligt kortisolniveau, en lille forskel 

mellem morgen- og aftenkortisol-niveau og et arbejdsmiljø præget af lave niveauer af 

retfærdighed er risikofaktorer for depression.  

 

PERSPEKTIVER: Ifølge fremherskende teorier og tænkning er en krævende og 

hektisk arbejdsdag, samt et højt niveau af fysiologisk stress, begge risikofaktorer for 

depression. Disse hypoteser kan ikke bekræftes af denne afhandling. Derfor bør man 

fokusere mindre på arbejdsbyrde og arbejdstempo og mere på den sociale interaktion, 

som finder sted på arbejdspladsen, f.eks. i form af organisatorisk retfærdighed. 

Dette er vigtige overvejelser, som kan vejlede arbejdsgivere, medarbejdere og 

myndigheder i udformningen af et sundt arbejdsliv.  



 87 

Reference list 
 

 (1)  Maddock C, Pariante CM. How does stress affect you? An overview of 
stress, immunity, depression and disease. Epidemiol Psichiatr Soc 2001; 
10(3):153-162. 

 (2)  Bonde JPE. Psychosocial factors at work and risk of depression: a 
systematic review of the epidemiological evidence. Occupational and 
Environmental Medicine 2008; 65(7):438-445. 

 (3)  Chandola T, Heraclides A, Kumari M. Psychophysiological biomarkers of 
workplace stressors. Neurosci Biobehav Rev 2010; 35(1):51-57. 

 (4)  Stetler C, Miller GE. Depression and Hypothalamic-Pituitary-Adrenal 
Activation: A Quantitative Summary of Four Decades of Research. 
Psychosomatic Medicine 2011; 73(2):114-126. 

 (5)  Jonsdottir IH, Halford C, Eek F. Mental Health and Salivary Cortisol. The 
Role of Saliva Cortisol Measurement in Health and Disease. Bentham 
eBooks; 2012. 132-172. 

 (6)  Karlson B, Lindfors P, Riva R, Mellner C, Theorell T, Lundberg U. 
Psychosocial Work Stressors and Salivary Cortisol. In: Bentham eBooks, 
editor. The Role of Saliva Cortisol Measurement in Health and Disease. 
2012. 43-66. 

 (7)  Lee JS, Joo EJ, Choi KS. Perceived stress and self-esteem mediate the 
effects of work-related stress on depression. Stress Health 2013; 29(1):75-
81. 

 (8)  Dinan TG. Glucocorticoids and the genesis of depressive illness. A 
psychobiological model. Br J Psychiatry 1994; 164(3):365-371. 

 (9)  Nemeroff CB. The corticotropin-releasing factor (CRF) hypothesis of 
depression: new findings and new directions. Mol Psychiatry 1996; 
1(4):336-342. 

 (10)  Holsboer F. Stress, hypercortisolism and corticosteroid receptors in 
depression: implications for therapy. J Affect Disord 2001; 62(1-2):77-91. 

 (11)  Licinio J, Wong ML. Advances in depression research: 2011. Mol 
Psychiatry 2011; 16(7):686-687. 

 (12)  Pariante CM, Lightman SL. The HPA axis in major depression: classical 
theories and new developments. Trends in Neurosciences 2008; 31(9):464-
468. 

 (13)  Alonso J, Angermeyer MC, Bernert S, Bruffaerts R, Brugha TS, Bryson H 
et al. Prevalence of mental disorders in Europe: results from the European 
Study of the Epidemiology of Mental Disorders (ESEMeD) project. Acta 
Psychiatr Scand Suppl 2004;(420):21-27. 



 88 

 (14)  Elinson L, Houck P, Marcus SC, Pincus HA. Depression and the ability to 
work. Psychiatric Services 2004; 55(1):29-34. 

 (15)  World Health Organization. The ICD-10 Classification of Mental and 
Behavioural Disorders: Diagnostic Criteria for Research. Geneva: World 
Health Organization; 1993. 

 (16)  World Health Organization. The global burden of disease: 2004 update. 
Geneva: World Health Organization; 2008. 

 (17)  Sullivan PF, Neale MC, Kendler KS. Genetic epidemiology of major 
depression: Review and meta-analysis. American Journal of Psychiatry 
2000; 157(10):1552-1562. 

 (18)  Harris T. Recent developments in understanding the psychosocial aspects 
of depression. British Medical Bulletin 2001; 57:17-32. 

 (19)  Kessler RC. The effects of stressful life events on depression. Annu Rev 
Psychol 1997; 48:191-214. 

 (20)  Hasin DS, Goodwin RD, Stinson FS, Grant BF. Epidemiology of major 
depressive disorder: results from the National Epidemiologic Survey on 
Alcoholism and Related Conditions. Arch Gen Psychiatry 2005; 
62(10):1097-1106. 

 (21)  Levinson DF. The genetics of depression: A review. Biological Psychiatry 
2006; 60(2):84-92. 

 (22)  Burcusa SL, Iacono WG. Risk for recurrence in depression. Clin Psychol 
Rev 2007; 27(8):959-985. 

 (23)  Andersen I, Thielen K, Nygaard E, Diderichsen F. Social inequality in the 
prevalence of depressive disorders. J Epidemiol Community Health 2009; 
63(7):575-581. 

 (24)  Boden JM, Fergusson DM, Horwood LJ. Cigarette smoking and 
depression: tests of causal linkages using a longitudinal birth cohort. Br J 
Psychiatry 2010; 196(6):440-446. 

 (25)  Kessler RC, Berglund P, Demler O, Jin R, Koretz D, Merikangas KR et al. 
The epidemiology of major depressive disorder - Results from the National 
Comorbidity Survey Replication (NCS-R). Jama-Journal of the American 
Medical Association 2003; 289(23):3095-3105. 

 (26)  Spijker J, De Graaf R, Bijl RV, Beekman ATF, Ormel J, Nolen WA. 
Duration of major depressive episodes in the general population: results 
from The Netherlands Mental Health Survey and Incidence Study 
(NEMESIS). British Journal of Psychiatry 2002; 181:208-213. 

 (27)  American Psychiatric Association. Diagnostic and statistical manual of 
mental disorders (4th ed.). Washington, DC: American Psychiatric 
Association; 1994. 



 89 

 (28)  Wing JK, Sartorius N, Üstun TB. WHO diagnosis and clinical 
measurement in psychiatry. A reference manual for SCAN. Cambridge: 
Cambridge University Press; 1998. 

 (29)  Clinical Research Unit for Anxiety and Depression StVH. Composite 
International Diagnostic Interview. Sydney: Clinical Research Unit for 
Anxiety and Depression; 2005. 

 (30)  Olsen LR, Jensen DV, Noerholm V, Martiny K, Bech P. The internal and 
external validity of the Major Depression Inventory in measuring severity 
of depressive states. Psychol Med 2003; 33(2):351-356. 

 (31)  Radloff LS. The CES-D Scale: A self-report depression scale for research 
in the general population. Applied Psychological Measurement 1977; 
1(3):385-401. 

 (32)  Beck AT. Beck Depression Inventory - II. San Antonio, TX: The 
Psychological Corporation; 1996. 

 (33)  Derogatis L. Administration, Scoring and Procedures Manual -I for the 
R(evised) version. Baltimore: John Hopkins University, School of 
Medicine; 1977. 

 (34)  Christensen KS, Fink P, Toft T, Frostholm L, Ornbol E, Olesen F. A brief 
case-finding questionnaire for common mental disorders: the CMDQ. Fam 
Pract 2005; 22(4):448-457. 

 (35)  Bonde JP, Munch-Hansen T, Wieclaw J, Westergaard-Nielsen N, Agerbo 
E. Psychosocial work environment and antidepressant medication: a 
prospective cohort study. BMC Public Health 2009; 9:262. 

 (36)  DeSanto IJ, Cullen MR, Cantley L, Slade MD, Fiellin M, Kasl SV. Effects 
of externally rated job demand and control on depression diagnosis claims 
in an industrial cohort. Am J Epidemiol 2010; 171(3):303-311. 

 (37)  Godin I, Kornitzer M, Clumeck N, Linkowski P, Valente F, Kittel F. 
Gender specificity in the prediction of clinically diagnosed depression. Soc 
Psychiatry Psychiatr Epidemiol 2009; 44(7):592-600. 

 (38)  Wieclaw J, Agerbo E, Mortensen PB, Burr H, Tuchsen F, Bonde JP. 
Psychosocial working conditions and the risk of depression and anxiety 
disorders in the Danish workforce. Bmc Public Health 2008; 8. 

 (39)  Martikainen P, Bartley M, Lahelma E. Psychosocial determinants of health 
in social epidemiology. Int J Epidemiol 2002; 31(6):1091-1093. 

 (40)  Harma M, Vahtera J, Kompier MAJ. Work-related stress and health-risks, 
mechanisms and countermeasures. Scandinavian Journal of Work 
Environment & Health 2006; 32(6):413-419. 



 90 

 (41)  Netterstrøm B, Conrad N, Bech P, Fink P, Olsen O, Rugulies R et al. The 
Relation between Work-related Psychosocial Factors and the Development 
of Depression. Epidemiologic Reviews 2008; 30(1):118-132. 

 (42)  Karasek R, Theorell T. Healthy Work. Stress, productivity and the 
reconstruction of working life. New York: Basic Books; 1990. 

 (43)  Siegrist J. Chronic psychosocial stress at work and risk of depression: 
evidence from prospective studies. European Archives of Psychiatry and 
Clinical Neuroscience 2008; 258:115-119. 

 (44)  Elovainio M, Heponiemi T, Sinervo T, Magnavita N. Organizational 
justice and health; review of evidence. G Ital Med Lav Ergon 2010; 32(3 
Suppl B):B5-B9. 

 (45)  Ndjaboue R, Brisson C, Vezina M. Organisational justice and mental 
health: a systematic review of prospective studies. Occupational and 
Environmental Medicine 2012; 69(10):694-700. 

 (46)  Siegrist J. Adverse health effects of high-effort/low-reward conditions. 
Journal of Occupational Health Psychology 1996; 1(1):27-41. 

 (47)  Elovainio M, Kivimäki M, Vahtera J. Organizational justice: Evidence of a 
new psychosocial predictor of health. Am J Public Health 2002; 92(1):105-
108. 

 (48)  Kivimaki M, Vahtera J, Kawachi I, Ferrie JE, Oksanen T, Joensuu M et al. 
Psychosocial Work Environment as a Risk Factor for Absence With a 
Psychiatric Diagnosis: An Instrumental-Variables Analysis. American 
Journal of Epidemiology 2010; 172(2):167-172. 

 (49)  Kouvonen A, Oksanen T, Vahtera J, Stafford M, Wilkinson R, Schneider J 
et al. Low workplace social capital as a predictor of depression - The 
Finnish public sector study. American Journal of Epidemiology 2008; 
167(10):1143-1151. 

 (50)  Rugulies R, Thielen K, Nygaard E, Diderichsen F. Job insecurity and the 
use of antidepressant medication among Danish employees with and 
without a history of prolonged unemployment: A 3.5-year follow-up study. 
J Epidemiol Community Health 2010; 64(1):75-81. 

 (51)  Rugulies R, Madsen IEH, Hjarsbech PU, Hogh A, Borg V, Carneiro IG et 
al. Bullying at work and onset of a major depressive episode among 
Danish female eldercare workers. Scand J Work Environ Health 2012; 
38(3):218-227. 

 (52)  Virtanen M, Ferrie JE, Singh-Manoux A, Shipley MJ, Stansfeld SA, 
Marmot MG et al. Long working hours and symptoms of anxiety and 
depression: A 5-year follow-up of the Whitehall II study. Psychol Med 
2011; 41(12):2485-2494. 



 91 

 (53)  Jensen HK, Wieclaw J, Munch-Hansen T, Thulstrup AM, Bonde JP. Does 
dissatisfaction with psychosocial work climate predict depressive, anxiety 
and substance abuse disorders? A prospective study of Danish public 
service employees. J Epidemiol Community Health 2010; 64(9):796-801. 

 (54)  Madsen IEH, Diderichsen F, Burr H, Rugulies R. Person-related work and 
incident use of antidepressants: Relations and mediating factors from the 
Danish work environment cohort study. Scand J Work Environ Health 
2010; 36(6):435-444. 

 (55)  Calnan M, Wadsworth E, May M, Smith A, Wainwright D. Job strain, 
effort-reward imbalance, and stress at work: competing or complementary 
models? Scandinavian Journal of Public Health 2004; 32(2):84-93. 

 (56)  Kivimaki M, Vahtera J, Elovainio M, Virtanen M, Siegrist J. Effort-reward 
imbalance, procedural injustice and relational injustice as psychosocial 
predictors of health: complementary or redundant models? Occup Environ 
Med 2007; 64(10):659-665. 

 (57)  Ferrie JE, Head J, Shipley MJ, Vahtera J, Marmot MG, Kivimaki M. 
Injustice at work and incidence of psychiatric morbidity: the Whitehall II 
study. Occupational and Environmental Medicine 2006; 63(7):443-450. 

 (58)  Martinson BC, Anderson MS, Crain AL, De Vries R. Scientists' 
perceptions of organizational justice and self-reported misbehaviors. 
Journal of Empirical Research on Human Research Ethics 2006; 1(1):51-
66. 

 (59)  Karasek R, Brisson C, Kawakami N, Houtman I, Bongers P, Amick B. The 
Job Content Questionnaire (JCQ): An instrument for internationally 
comparative assessments of psychosocial job characteristics. Journal of 
Occupational Health Psychology 1998; 3(4):322-355. 

 (60)  Siegrist J, Starke S, Chandola T, Godin I, Marmot M, Niedhammer I et al. 
The measurement of effort-reward imbalance at work: European 
comparisons. Social Science & Medicine 2004; 58(8):1483-1499. 

 (61)  Kristensen TS, Hannerz H, Hogh A, Borg V. The Copenhagen 
Psychosocial Questionnaire--a tool for the assessment and improvement of 
the psychosocial work environment. Scand J Work Environ Health 2005; 
31(6):438-449. 

 (62)  Wannstrom I, Peterson U, Asberg M, Nygren A, Gustavsson JP. 
Psychometric properties of scales in the General Nordic Questionnaire for 
Psychological and Social Factors at Work (QPS(Nordic)): Confirmatory 
factor analysis and prediction of certified long-term sickness absence. 
Scandinavian Journal of Psychology 2009; 50(3):231-244. 

 (63)  Virtanen M, Stansfeld SA, Fuhrer R, Ferrie JE, Kivimaki M. Overtime 
work as a predictor of major depressive episode: a 5-year follow-up of the 
Whitehall II study. PloS one 2012; 7(1):e30719. 



 92 

 (64)  Rugulies R. Studying the effect of the psychosocial work environment on 
risk of ill-health: towards a more comprehensive assessment of working 
conditions. Scandinavian Journal of Work Environment & Health 2012; 
38(3):187-191. 

 (65)  Melchior M, Caspi A, Milne BJ, Danese A, Poulton R, Moffitt TE. Work 
stress precipitates depression and anxiety in young, working women and 
men. Psychol Med 2007; 37(8):1119-1129. 

 (66)  Wang J, Schmitz N. Does job strain interact with psychosocial factors 
outside of the workplace in relation to the risk of major depression? The 
Canadian National Population Health Survey. Soc Psychiatry Psychiatr 
Epidemiol 2011; 46(7):577-584. 

 (67)  Wieclaw J, Agerbo E, Mortensen PB, Bonde JP. Risk of affective and 
stress related disorders among employees in human service professions. 
Occup Environ Med 2006; 63(5):314-319. 

 (68)  Virtanen M, Pentti J, Vahtera J, Ferrie JE, Stansfeld SA, Helenius H et al. 
Overcrowding in hospital wards as a predictor of antidepressant treatment 
among hospital staff. Am J Psychiatry 2008; 165(11):1482-1486. 

 (69)  Virtanen M, Batty GD, Pentti J, Vahtera J, Oksanen T, Tuisku K et al. 
Patient overcrowding in hospital wards as a predictor of diagnosis-specific 
mental disorders among staff: A 2-year prospective cohort study. J Clin 
Psychiatry 2010; 71(10):1308-1312. 

 (70)  Waldenstrom K, Ahlberg G, Bergman P, Forsell Y, Stoetzer U, 
Waldenstrom M et al. Externally assessed psychosocial work 
characteristics and diagnoses of anxiety and depression. Occupational and 
Environmental Medicine 2008; 65(2):90-97. 

 (71)  Chrousos GP. Stress and disorders of the stress system. Nat Rev 
Endocrinol 2009; 5(7):374-381. 

 (72)  Soffer LJ. The human adrenal gland. Ann Arbor, MI: Lea & Febiger; 
1961. 

 (73)  Palacios R, Sugawara I. Hydrocortisone abrogates proliferation of T cells 
in autologous mixed lymphocyte reaction by rendering the interleukin-2 
Producer T cells unresponsive to interleukin-1 and unable to synthesize the 
T-cell growth factor. Scand J Immunol 1982; 15(1):25-31. 

 (74)  McAuley MT, Kenny RA, Kirkwood TB, Wilkinson DJ, Jones JJ, Miller 
VM. A mathematical model of aging-related and cortisol induced 
hippocampal dysfunction. BMC Neurosci 2009; 10:26. 

 (75)  Osella G, Ventura M, Ardito A, Allasino B, Termine A, Saba L et al. 
Cortisol secretion, bone health, and bone loss: a cross-sectional and 
prospective study in normal non-osteoporotic women in the early 
postmenopausal period. Eur J Endocrinol 2012; 166(5):855-860. 



 93 

 (76)  Chrousos GP, Gold PW. A healthy body in a healthy mind - and vice versa 
- The damaging power of "uncontrollable" stress. Journal of Clinical 
Endocrinology & Metabolism 1998; 83(6):1842-1845. 

 (77)  Jonsdottir IH, Halford C, Eek F. Mental Health and Salivary Cortisol. The 
Role of Saliva Cortisol Measurement in Health and Disease. Bentham 
eBooks; 2012. 132-172. 

 (78)  Sapolsky RM. The Physiological Relevance of Glucocorticoid 
Endangerment of the Hippocampus. Brain Corticosteroid Receptors 1994; 
746:294-307. 

 (79)  Sapolsky RM. Why stress is bad for your brain. Science 1996; 
273(5276):749-750. 

 (80)  Balbo M, Leproult R, Van Cauter E. Impact of Sleep and Its Disturbances 
on Hypothalamo-Pituitary-Adrenal Axis Activity. International Journal of 
Endocrinology 2010. 

 (81)  Mcewen BS, Stellar E. Stress and the individual. Mechanisms leading to 
disease. Arch Intern Med 1993; 153(18):2093-2101. 

 (82)  Mcewen BS. Protective and damaging effects of stress mediators. New 
England Journal of Medicine 1998; 338(3):171-179. 

 (83)  Mcewen BS. Physiology and neurobiology of stress and adaptation: 
Central role of the brain. Physiological Reviews 2007; 87(3):873-904. 

 (84)  Persson R, Anne H, Hansen AM, Osterberg K, Larsson B, Orbaek P et al. 
Seasonal Variation in Human Salivary Cortisol Concentration. 
Chronobiology International 2008; 25(6):923-937. 

 (85)  Ranjit N, Young EA, Raghunathan TE, Kaplan GA. Modeling cortisol 
rhythms in a population-based study. Psychoneuroendocrinology 2005; 
30(7):615-624. 

 (86)  Burke HM, Davis MC, Otte C, Mohr DC. Depression and cortisol 
responses to psychological stress: A meta-analysis. 
Psychoneuroendocrinology 2005; 30(9):846-856. 

 (87)  Hansen AM, Gunnarsson L, Harris A, Eller NH, Garvin P, Garde AH. 
Biological Markers and Salivary Cortisol. The Role of Saliva Cortisol 
Measurement in Health and Disease. Bentham eBooks; 2012. 88-117. 

 (88)  Garvin P, Eller NH, Harris A. Socioeconomic Status, Demographic 
Variables and Salivary Cortisol. The Role of Saliva Cortisol Measurement 
in Health and Disease. Bentham eBooks; 2012. 17-42. 

 (89)  Kristenson M, Lundgren O. Somatic Disease and Salivary Cortisol. The 
Role of Saliva Cortisol Measurement in Health and Disease. Bentham 
eBooks; 2012. 173-191. 



 94 

 (90)  Kirschbaum C, Pirke KM, Hellhammer DH. The 'Trier Social Stress Test'-
-a tool for investigating psychobiological stress responses in a laboratory 
setting. Neuropsychobiology 1993; 28(1-2):76-81. 

 (91)  Kudielka BM, Buske-Kirschbaum A, Hellhammer DH, Kirschbaum C. 
HPA axis responses to laboratory psychosocial stress in healthy elderly 
adults, younger adults, and children: impact of age and gender. 
Psychoneuroendocrinology 2004; 29(1):83-98. 

 (92)  Dickerson SS, Kemeny ME. Acute stressors and cortisol responses: a 
theoretical integration and synthesis of laboratory research. Psychol Bull 
2004; 130(3):355-391. 

 (93)  Rohleder N, Beulen SE, Chen E, Wolf JM, Kirschbaum C. Stress on the 
dance floor: the cortisol stress response to social-evaluative threat in 
competitive ballroom dancers. Pers Soc Psychol Bull 2007; 33(1):69-84. 

 (94)  Rose RM, Jenkins CD, Hurst M, Livingston L, Hall RP. Endocrine activity 
in air traffic controllers at work. I. Characterization of cortisol and growth 
hormone levels during the day. Psychoneuroendocrinology 1982; 7(2-
3):101-111. 

 (95)  Aardal-Eriksson E, Eriksson TE, Holm AC, Lundin T. Salivary cortisol 
and serum prolactin in relation to stress rating scales in a group of rescue 
workers. Biol Psychiatry 1999; 46(6):850-855. 

 (96)  Fischer JE, Calame A, Dettling AC, Zeier H, Fanconi S. Experience and 
endocrine stress responses in neonatal and pediatric critical care nurses and 
physicians. Crit Care Med 2000; 28(9):3281-3288. 

 (97)  Hellhammer DH, Wade S. Endocrine correlates of stress vulnerability. 
Psychother Psychosom 1993; 60(1):8-17. 

 (98)  Miller GE, Chen E, Zhou ES. If it goes up, must it come down? Chronic 
stress and the hypothalamic-pituitary-adrenocortical axis in humans. 
Psychol Bull 2007; 133(1):25-45. 

 (99)  Bhagwagar Z, Hafizi S, Cowen PJ. Increase in concentration of waking 
salivary cortisol in recovered patients with depression. American Journal 
of Psychiatry 2003; 160(10):1890-1891. 

 (100)  Mannie ZN, Harmer CJ, Cowen PJ. Increased waking salivary cortisol 
levels in young people at familial risk of depression. American Journal of 
Psychiatry 2007; 164(4):617-621. 

 (101)  Vreeburg SA, Hartman CA, Hoogendijk WJG, van Dyck R, Zitman FG, 
Ormel J et al. Parental history of depression or anxiety and the cortisol 
awakening response. British Journal of Psychiatry 2010; 197(3):180-185. 

 (102)  Portella MJ, Harmer CJ, Flint J, Cowen P, Goodwin GM. Enhanced early 
morning salivary cortisol in neuroticism. American Journal of Psychiatry 
2005; 162(4):807-809. 



 95 

 (103)  Yudofsky SC, Hales RE. The American Psychiatric Publishing Textbook 
of Neuropsychiatry and Behavioral Neurosciences. American Psychiatric 
Pub; 2008. 

 (104)  Virtanen M. Stress at work--a risk factor for depression? Scand J Work 
Environ Health 2010; 36(6):433-434. 

 (105)  Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for 
systematic reviews and meta-analyses: the PRISMA statement. Int J Surg 
2010; 8(5):336-341. 

 (106)  Kawakami N, Araki S, Kawashima M. Effects of job stress on occurrence 
of major depression in Japanese industry: A case-control study nested in a 
cohort study. J OCCUP MED 1990; 32(8):722-725. 

 (107)  Kawakami N, Haratani T, Araki S. Effects of perceived job stress on 
depressive symptoms in blue-collar workers of an electrical factory in 
Japan. Scand J Work Environ Health 1992; 18(3):195-200. 

 (108)  Niedhammer I, Goldberg M, Leclerc A, Bugel I, David S. Psychosocial 
factors at work and subsequent depressive symptoms in the Gazel cohort. 
Scand J Work Environ Health 1998; 24(3):197-205. 

 (109)  Shields M. Long working hours and health. Health Rep 1999; 11(2):33-48. 

 (110)  Mausner-Dorsch H, Eaton WW. Psychosocial work environment and 
depression: Epidemiologic assessment of the demand-control model. Am J 
Public Health 2000; 90(11):1765-1770. 

 (111)  Schonfeld IS. Stress in 1st-year women teachers: the context of social 
support and coping. Genet Soc Gen Psychol Monogr 2001; 127(2):133-
168. 

 (112)  de Lange AH, Taris TW, Kompier MA, Houtman IL, Bongers PM. Effects 
of stable and changing demand-control histories on worker health. Scand J 
Work Environ Health 2002; 28(2):94-108. 

 (113)  Griffin JM, Fuhrer R, Stansfeld SA, Marmot M. The importance of low 
control at work and home on depression and anxiety: Do these effects vary 
by gender and social class? Social Science & Medicine 2002; 54(5):783-
798. 

 (114)  Paterniti S, Niedhammer I, Lang T, Consoli SM. Psychosocial factors at 
work, personality traits and depressive symptoms: Longitudinal resulst 
from the GAZEL study. The British Journal of Psychiatry 2002; 
181(2):111-117. 

 (115)  Kivimaki M, Virtanen M, Vartia M, Elovainio M, Vahtera J, Keltikangas-
Jarvinen L. Workplace bullying and the risk of cardiovascular disease and 
depression. Occup Environ Med 2003; 60(10):779-783. 



 96 

 (116)  Michelsen H, Bildt C. Psychosocial conditions on and off the job and 
psychological ill health: depressive symptoms, impaired psychological 
wellbeing, heavy consumption of alcohol. Occup Environ Med 2003; 
60(7):489-496. 

 (117)  Tokuyama M, Nakao K, Seto M, Watanabe A, Takeda M. Predictors of 
first-onset major depressive episodes among white-collar workers. 
Psychiatry Clin Neurosci 2003; 57(5):523-531. 

 (118)  De Lange AH, Taris TW, Kompier MAJ, Houtman ILD, Bongers PM. The 
relationships between work characteristics and mental health: Examining 
normal, reversed and reciprocal relationships in a 4-wave study. Work & 
Stress 2004; 18(2):149-166. 

 (119)  Moore S, Grunberg L, Greenberg E. Repeated downsizing contact: the 
effects of similar and dissimilar layoff experiences on work and well-being 
outcomes. J Occup Health Psychol 2004; 9(3):247-257. 

 (120)  Ferrie JE, Shipley MJ, Newman K, Stansfeld SA, Marmot M. Self-
reported job insecurity and health in the Whitehall II study: Potential 
explanations of the relationship. Social Science & Medicine 2005; 
60(7):1593-1602. 

 (121)  Godin I, Kittel F, Coppieters Y, Siegrist J. A prospective study of 
cumulative job stress in relation to mental health. Bmc Public Health 2005; 
5. 

 (122)  Ylipaavalniemi J, Kivimaki M, Elovainio M, Virtanen M, Keltikangas-
Jarvinen L, Vahtera J. Psychosocial work characteristics and incidence of 
newly diagnosed depression: a prospective cohort study of three different 
models. Soc Sci Med 2005; 61(1):111-122. 

 (123)  Wang J. Work stress as a risk factor for major depressive episode(s). 
Psychol Med 2005; 35(6):865-871. 

 (124)  Muntaner C, Li Y, Xue X, Thompson T, Chung H, O'Campo P. County 
and organizational predictors of depression symptoms among low-income 
nursing assistants in the USA. Soc Sci Med 2006; 63(6):1454-1465. 

 (125)  Rugulies R, Bultmann U, Aust B, Burr H. Psychosocial work environment 
and incidence of severe depressive symptoms: Prospective findings from a 
5-year follow-up of the Danish work environment cohort study. American 
Journal of Epidemiology 2006; 163(10):877-887. 

 (126)  Shields M. Stress and depression in the employed population. Health Rep 
2006; 17(4):11-29. 

 (127)  Ahola K, Hakanen J. Job strain, burnout, and depressive symptoms: A 
prospective study among dentists. J Affective Disord 2007; 104(1-3):103-
110. 



 97 

 (128)  Clays E, De Bacquer D, Leynen F, Kornitzer M, Kittel F, De Backer G. 
Job stress and depression symptoms in middle-aged workers - Prospective 
results from the Belstress study. Scand J Work Environ Health 2007; 
33(4):252-259. 

 (129)  Plaisier I, de Bruijn JGM, De Graaf R, Have M, Beekman ATF, Penninx 
BWJH. The contribution of working conditions and social support to the 
onset of depressive and anxiety disorders among male and female 
employees. Soc Sci Med 2007; 64(2):401-410. 

 (130)  Virtanen M, Honkonen T, Kivimaki M, Ahola K, Vahtera J, Aromaa A et 
al. Work stress, mental health and antidepressant medication findings from 
the Health 2000 Study. J Affect Disord 2007; 98(3):189-197. 

 (131)  Buddeberg-Fischer B, Klaghofer R, Stamm M, Siegrist J, Buddeberg C. 
Work stress and reduced health in young physicians: prospective evidence 
from Swiss residents. Int Arch Occup Environ Health 2008; 82(1):31-38. 

 (132)  Andrea H, Bultmann U, van Amelsvoort LG, Kant Y. The incidence of 
anxiety and depression among employees--the role of psychosocial work 
characteristics. Depress Anxiety 2009; 26(11):1040-1048. 

 (133)  Burgard SA, Brand JE, House JS. Perceived job insecurity and worker 
health in the United States. Soc Sci Med 2009; 69(5):777-785. 

 (134)  Clumeck N, Kempenaers C, Godin I, Dramaix M, Kornitzer M, Linkowski 
P et al. Working conditions predict incidence of long-term spells of sick 
leave due to depression: Results from the Belstress I prospective study. J 
Epidemiol Community Health 2009; 63(4):286-292. 

 (135)  Magnusson Hanson LL, Theorell T, Bech P, Rugulies R, Burr H, Hyde M 
et al. Psychosocial working conditions and depressive symptoms among 
Swedish employees. Int Arch Occup Environ Health 2009; 82(8):951-960. 

 (136)  Sinokki M, Hinkka K, Ahola K, Koskinen S, Klaukka T, Kivimaki M et al. 
The association between team climate at work and mental health in the 
Finnish Health 2000 Study. Occupational and Environmental Medicine 
2009; 66(8):523-528. 

 (137)  Sinokki M, Hinkka K, Ahola K, Koskinen S, Kivimaki M, Honkonen T et 
al. The association of social support at work and in private life with mental 
health and antidepressant use: the Health 2000 Study. J Affect Disord 
2009; 115(1-2):36-45. 

 (138)  Wang J, Schmitz N, Dewa C, Stansfeld S. Changes in perceived job strain 
and the risk of major depression: Results from a population-based 
longitudinal study. American Journal of Epidemiology 2009; 169(9):1085-
1091. 

 (139)  Inoue A, Kawakami N, Haratani T, Kobayashi F, Ishizaki M, Hayashi T et 
al. Job stressors and long-term sick leave due to depressive disorders 
among Japanese male employees: Findings from the Japan Work Stress 



 98 

and Health Cohort study. J Epidemiol Community Health 2010; 64(3):229-
235. 

 (140)  Joensuu M, Vaananen A, Koskinen A, Kivimaki M, Virtanen M, Vahtera 
J. Psychosocial work environment and hospital admissions due to mental 
disorders: A 15-year prospective study of industrial employees. J Affective 
Disord 2010; 124(1-2):118-125. 

 (141)  Kalil A, Ziol-Guest KM, Hawkley LC, Cacioppo JT. Job insecurity and 
change over time in health among older men and women. J Gerontol B 
Psychol Sci Soc Sci 2010; 65 B(1):81-90. 

 (142)  Munir F, Nielsen K, Gomes Carneiro I. Transformational leadership and 
depressive symptoms: A prospective study. J Affective Disord 2010; 
120(1-3):235-239. 

 (143)  Netterstrom B, Blond M, Nielsen M, Rugulies R, Eskelinen L. 
Development of depressive symptoms and depression during 
organizational change - A two-year follow-up study of civil servants. 
Scand J Work Environ Health 2010; 36(6):445-448. 

 (144)  Ybema JF, van den Bos K. Effects of organizational justice on depressive 
symptoms and sickness absence: a longitudinal perspective. Soc Sci Med 
2010; 70(10):1609-1617. 

 (145)  D'Errico A, Cardano M, Landriscina T, Marinacci C, Pasian S, Petrelli A 
et al. Workplace stress and prescription of antidepressant medications: A 
prospective study on a sample of Italian workers. Int Arch Occup Environ 
Health 2011; 84(4):413-424. 

 (146)  Horton RA, Lipscomb HJ. Depressive symptoms in women working in a 
poultry-processing plant: a longitudinal analysis. Am J Ind Med 2011; 
54(10):791-799. 

 (147)  Lang J, Bliese PD, Lang JWB, Adler AB. Work gets unfair for the 
depressed: Cross-lagged relations between organizational justice 
perceptions and depressive symptoms. J Appl Psychol 2011; 96(3):602-
618. 

 (148)  Strazdins L, D'Souza RM, Clements M, Broom DH, Rodgers B, Berry HL. 
Could better jobs improve mental health? A prospective study of change in 
work conditions and mental health in mid-aged adults. J Epidemiol 
Community Health 2011; 65(6):529-534. 

 (149)  Thielen K, Nygaard E, Rugulies R, Diderichsen F. Job stress and the use of 
antidepressant medicine: a 3.5-year follow-up study among Danish 
employees. Occup Environ Med 2011; 68(3):205-210. 

 (150)  Innstrand ST, Langballe EM, Falkum E. A longitudinal study of the 
relationship between work engagement and symptoms of anxiety and 
depression. Stress and Health: Journal of the International Society for the 
Investigation of Stress 2012; 28(1):1-10. 



 99 

 (151)  Smith PM, Bielecky A. The impact of changes in job strain and its 
components on the risk of depression. Am J Public Health 2012; 
102(2):352-358. 

 (152)  Wang J, Patten SB, Currie S, Sareen J, Schmitz N. A population-based 
longitudinal study on work environmental factors and the risk of major 
depressive disorder. American Journal of Epidemiology 2012; 176(1):52-
59. 

 (153)  Brown ES, Varghese FP, Mcewen BS. Association of depression with 
medical illness: Does cortisol play a role? Biological Psychiatry 2004; 
55(1):1-9. 

 (154)  Goodyer IM, Herbert J, Tamplin A, Altham PME. Recent life events, 
cortisol, dehydroepiandrosterone and the onset of major depression in 
high-risk adolescents. British Journal of Psychiatry 2000; 177:499-504. 

 (155)  Harris TO, Borsanyi S, Messari S, Stanford K, Cleary SE, Shiers HM et al. 
Morning cortisol as a risk factor for subsequent major depressive disorder 
in adult women. British Journal of Psychiatry 2000; 177:505-510. 

 (156)  Halligan SL, Herbert J, Goodyer I, Murray L. Disturbances in morning 
cortisol secretion in association with maternal postnatal depression predict 
subsequent depressive symptomatology in adolescents. Biological 
Psychiatry 2007; 62(1):40-46. 

 (157)  Adam EK, Doane LD, Zinbarg RE, Mineka S, Craske MG, Griffith JW. 
Prospective prediction of major depressive disorder from cortisol 
awakening responses in adolescence. Psychoneuroendocrinology 2010; 
35(6):921-931. 

 (158)  Goodyer IM, Croudace T, Dudbridge F, Ban M, Herbert J. Polymorphisms 
in BDNF (Va166Met) and 5-HTTLPR, morning cortisol and subsequent 
depression in at-risk adolescents. British Journal of Psychiatry 2010; 
197(5):365-371. 

 (159)  Ellenbogen MA, Hodgins S, Linnen AM, Ostiguy CS. Elevated daytime 
cortisol levels: A biomarker of subsequent major affective disorder? J 
Affective Disord 2011; 132(1-2):265-269. 

 (160)  Vrshek-Schallhorn S, Doane LD, Mineka S, Zinbarg RE, Craske MG, 
Adam EK. The cortisol awakening response predicts major depression: 
predictive stability over a 4-year follow-up and effect of depression 
history. Psychol Med 2012;1-11. 

 (161)  Bradburn MJ, Deeks JJ, Altman DG. metan—a command for meta-
analysis in Stata. Meta-Analysis in Stata: An Updated Collection from the 
Stata Journal. Texas: Stata Press; 2009. 

 (162)  Sterne JAC, Harbord RM. Funnel plots in meta-analysis. Meta-Analysis in 
Stata: An Updated Collection from the Stata Journal. Texas: Stata Press; 
2009. 



 100 

 (163)  Kolstad HA, Hansen AM, Kaergaard A, Thomsen JF, Kaerlev L, 
Mikkelsen S et al. Job strain and the risk of depression: is reporting 
biased? Am J Epidemiol 2011; 173(1):94-102. 

 (164)  Teasdale JD. Negative thinking in depression: Cause, effect, or reciprocal 
relationship. Advances in Behaviour Research & Therapy 1983; 5(1):3-25. 

 (165)  Armstrong BG. Effect of measurement error on epidemiological studies of 
environmental and occupational exposures. Occupational and 
Environmental Medicine 1998; 55(10):651-656. 

 (166)  Pruessner JC, Wolf OT, Hellhammer DH, BuskeKirschbaum A, vonAuer 
K, Jobst S et al. Free cortisol levels after awakening: A reliable biological 
marker for the assessment of adrenocortical activity. Life Sciences 1997; 
61(26):2539-2549. 

 (167)  Edwards S, Evans P, Hucklebridge F, Clow A. Association between time 
of awakening and diurnal cortisol secretory activity. 
Psychoneuroendocrinology 2001; 26(6):613-622. 

 (168)  Meagher D, Murray D. Depression. Lancet 1997; 349 Suppl 1:sI17-sI20. 

 (169)  Heaney JLJ, Phillips AC, Carroll D. Ageing, depression, anxiety, social 
support and the diurnal rhythm and awakening response of salivary 
cortisol. International Journal of Psychophysiology 2010; 78(3):201-208. 

 (170)  Kendler KS, Karkowski LM, Prescott CA. Causal relationship between 
stressful life events and the onset of major depression. Am J Psychiatry 
1999; 156(6):837-841. 

 (171)  Kendler KS, Karkowski LM, Prescott CA. Stressful life events and major 
depression: Risk period, long-term contextual threat, and diagnostic 
specificity. J Nerv Ment Dis 1998; 186(11):661-669. 

 (172)  Moorman RH. Relationship Between Organizational Justice and 
Organizational Citizenship Behaviors - do Fairness Perceptions Influence 
Employee Citizenship. J Appl Psychol 1991; 76(6):845-855. 

 (173)  Cohen S, Kamarck T, Mermelstein R. A Global Measure of Perceived 
Stress. Journal of Health and Social Behavior 1983; 24(4):385-396. 

 (174)  Kristensen TS, Borritz M, Villadsen E, Christensen KB. The Copenhagen 
Burnout Inventory: A new tool for the assessment of burnout. Work and 
Stress 2005; 19(3):192-207. 

 (175)  Williams RL. A note on robust variance estimation for cluster-correlated 
data. Biometrics 2000; 56(2):645-646. 

 (176)  Brugha T, Bebbington P, Tennant C, Hurry J. The List of Threatening 
Experiences - A Subset of 12 Life Event Categories with Considerable 
Long-Term Contextual Threat. Psychol Med 1985; 15(1):189-194. 



 101 

 (177)  Cleveland WS. Robust Locally Weighted Regression and Smoothing 
Scatterplots. Journal of the American Statistical Association 1979; 
74(368):829-836. 

 (178)  LeBreton JM, Senter JL. Answers to 20 questions about interrater 
reliability and interrater agreement. Organizational Research Methods 
2008; 11(4):815-852. 

 (179)  Kasl SV. Measuring job stressors and studying the health impact of the 
work environment: an epidemiologic commentary. J Occup Health 
Psychol 1998; 3(4):390-401. 

 (180)  Wang JL, Patten SB. Re: "Job Strain and the Risk of Depression: Is 
Reporting Biased?". American Journal of Epidemiology 2011; 174(1):125. 

 (181)  Garde AH, Hansen AM, Nikolajsen TB. An inter-laboratory comparison 
for determination of cortisol in saliva. Accreditation and Quality 
Assurance 2003; 8(1):16-20. 

 (182)  Hansen AM, Garde AH, Christensen JM, Eller NH, Netterstrom B. 
Evaluation of a radioimmunoassay and establishment of a reference 
interval for salivary cortisol in healthy subjects in Denmark. Scandinavian 
Journal of Clinical & Laboratory Investigation 2003; 63(4):303-310. 

 (183)  Olsen LR, Mortensen EL, Bech P. Prevalence of major depression and 
stress indicators in the Danish general population. Acta Psychiatrica 
Scandinavica 2004; 109(2):96-103. 

 (184)  Kaerlev L, Kolstad HA, Hansen AM, Thomsen JF, Kaergaard A, Rugulies 
R et al. Are risk estimates biased in follow-up studies of psychosocial 
factors with low base-line participation? BMC Public Health 2011; 11:539. 

 (185)  Macleod J, Smith GD, Heslop P, Metcalfe C, Carroll D, Hart C. Are the 
effects of psychosocial exposures attributable to confounding? Evidence 
from a prospective observational study on psychological stress and 
mortality. J Epidemiol Community Health 2001; 55(12):878-884. 

 (186)  Elovainio M, KivimÃ¤ki M, Vahtera J, Virtanen M, Keltikangas-
JÃ¤rvinen L. Personality as a moderator in the relations between 
perceptions of organizational justice and sickness absence. Journal of 
Vocational Behavior 2003; 63(3):379-395. 

 (187)  Greenberg J. Stress fairness to fare no stress: Managing workplace stress 
by promoting organizational justice. Organizational Dynamics 2004; 
33(4):352-365. 

 (188)  Chrousos GP, Gold PW. The concepts of stress and stress system 
disorders. Overview of physical and behavioral homeostasis. JAMA 1992; 
267(9):1244-1252. 



 102 

 (189)  Rosmond R, Bjorntorp P. [Low cortisol production in chronic stress. The 
connection stress-somatic disease is a challenge for future research]. 
Lakartidningen 2000; 97(38):4120-4124. 

 



 103 

Appendix 1 – Search strategies 
 
Pubmed: Psychosocial working conditions and depression 
 
(“psychosocial stress*” OR “occupational stress*” OR “job stress*” OR “work 
stress*” OR “workload” OR “work conditions” OR “job conditions” OR “working 
hours” OR “working time” OR “psychosocial work*” OR “psychosocial job*” OR 
“psychosocial factor*” OR “effort reward” OR “emotional demands” OR “job strain” 
OR “job security” OR “job insecurity” OR “psychological demands” OR “job 
control” OR “justice” OR “injustice” OR “demand control” OR “work event*” OR 
“bullying” OR “mobbing”) AND (“depression” OR “depressive” OR “mood 
disorder*” OR “affective disorder*”) AND "english"[Language] AND "journal 
article"[Publication Type] AND (Humans[MeSH]) 
 
 
Pubmed: cortisol and depression 
 
(cortisol* OR HPA* OR hypothalamic* OR hydrocortison* OR corticosteroid* OR 
cortison*) AND (prospective* OR longitudinal* OR “follow up” OR follow-up) AND 
(“depression” OR “depressive” OR “mood disorder*” OR “affective disorder*”) AND 
"english"[Language] AND "journal article"[Publication Type] AND 
(Humans[MeSH]) 
 
 
PsychINFO: Psychosocial working conditions and depression 
 
(“psychosocial stress*” OR “occupational stress*” OR “job stress*” OR “work 
stress*” OR “workload” OR “work conditions” OR “job conditions” OR “working 
hours” OR “working time” OR “psychosocial work*” OR “psychosocial job*” OR 
“psychosocial factor*” OR “effort reward” OR “emotional demands” OR “job strain” 
OR “job security” OR “job insecurity” OR “psychological demands” OR “job 
control” OR “justice” OR “injustice” OR “demand control” OR “work event*” OR 
“bullying” OR “mobbing”) AND (“depression” OR “depressive” OR “mood 
disorder*” OR “affective disorder*”) 
 
Scholarly journals, human subjects, English language, longitudinal studies 
 
 
PsychINFO: Cortisol and depression 
 
(cortisol* OR HPA* OR hypothalamic* OR hydrocortison* OR corticosteroid* OR 
cortison*) AND (prospective* OR longitudinal* OR “follow up” OR follow-up) AND 
(“depression” OR “depressive” OR “mood disorder*” OR “affective disorder*”) 
 
Scholarly journals, human subjects, English language, longitudinal studies 
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Embase: Psychosocial working conditions and depression 
 
(“psychosocial stress” OR “psychosocial stressor” OR “occupational stress” OR 
“occupational stressor” OR “job stress” OR “job stressor” OR “work stress” OR 
“work stressor” OR “workload” OR “work conditions” OR “job conditions” OR 
“working hours” OR “working time” OR “psychosocial work environment” OR 
“psychosocial job” OR “psychosocial factors” OR “effort reward” OR “emotional 
demands” OR “job strain” OR “job security” OR “job insecurity” OR “psychological 
demands” OR “job control” OR “justice” OR “injustice” OR “demand control” OR 
“work events” OR “bullying” OR “mobbing”) AND (“depression” OR “depressive” 
OR “mood disorders” OR “affective disorders”) 
 
Map to preferred terminology (with spell check) 
Include sub-terms/derivatives (explosion search) 
Search terms must be of major focus in articles found 
Embase + Medline 
Humans 
With abstract 
Article 
English 

 
 
Embase: Cortisol and depression 
 
(cortisol OR HPA OR hypothalamic OR hydrocortison OR corticosteroid OR 
cortison) AND (prospective OR longitudinal OR “follow up” OR follow-up) AND 
(“depression” OR “depressive” OR “mood disorders” OR “affective disorders”) 
 
Map to preferred terminology (with spell check) 
Include sub-terms/derivatives (explosion search) 
Search terms must be of major focus in articles found 
Embase + Medline 
Humans 
With abstract 
Article 
English 
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Appendix 2 – Funnel plots 
 
 
Figure 22: Funnel plot of all studies of co-worker support. The odds ratios are based 
on the lowest available exposure group from each study with the highest exposure 
group as reference. 9 studies included 37;125;126;132;137;139;140;149;152. 
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Figure 23: Funnel plot of all studies of decision authority. The odds ratios are based 
on the lowest available exposure group from each study with the highest exposure 
group as reference. 3 studies included 35;125;140. 

0
.1

.2
.3

.4

.5 1 1.5 2
Odds ratio

Funnel plot with pseudo 95% confidence limits
Decision authority

 
 
Figure 24: Funnel plot of all studies of decision latitude. The odds ratios are based 
on the lowest available exposure group from each study with the highest exposure 
group as reference. 15 studies included 35;36;38;65;107;108;113;122;128-130;132;134;139;145. 
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Figure 25: Funnel plot of all studies of effort-reward imbalance. The odds ratios are 
based on the highest available exposure group from each study with the lowest 
exposure group as reference. 3 studies included 56;121;152. 
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Figure 26: Funnel plot of all studies of emotional demands. The odds ratios are 
based on the available highest exposure group from each study with the lowest 
exposure group as reference. 4 studies included 38;54;132;149. 
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Figure 27: Funnel plot of all studies of job insecurity. The odds ratios are based on 
the highest available exposure group from each study with the lowest exposure group 
as reference. 7 studies included 50;109;125;129;132;139;152. 
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Figure 28: Funnel plot of all studies of job strain. The odds ratios are based on the 
highest available exposure group from each study with the lowest exposure group as 
reference. 15 studies included 35;37;38;66;109;110;122;126-128;130;138;139;145;152. 
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Figure 29: Funnel plot of all studies of procedural justice. The odds ratios are based 
on the lowest available exposure group from each study with the highest exposure 
group as reference. 2 studies included 56;122. 
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Figure 30: Funnel plot of all studies of psychological demands. The odds ratios are 
based on the highest available exposure group from each study with the lowest 
exposure group as reference. 14 studies included 35;36;38;65;108;122;125;128-130;132;134;139;145. 
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Figure 31: Funnel plot of all studies of relational justice. The odds ratios are based 
on the lowest available exposure group from each study with the highest exposure 
group as reference. 2 studies included 56;122. 
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Figure 32: Funnel plot of all studies of skill discretion. The odds ratios are based on 
the lowest available exposure group from each study with the highest exposure group 
as reference. 3 studies included 35;125;140. 
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Figure 33: Funnel plot of all studies of social support. The odds ratios are based on 
the lowest available exposure group from each study with the highest exposure group 
as reference. 8 studies included 35;65;108;117;128;129;132;134. 
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Figure 34: Funnel plot of all studies of supervisor support. The odds ratios are 
based on the lowest available exposure group from each study with the highest 
exposure group as reference. 10 studies included 37;109;125;126;132;137;139;140;149;152. 
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Figure 35: Funnel plot of all studies of work climate. The odds ratios are based on 
the lowest available exposure group from each study with the highest exposure group 
as reference. 4 studies included 35;53;122;136. 
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Figure 36: Funnel plot of all studies of work load. The odds ratios are based on the 
highest available exposure group from each study with the lowest exposure group as 
reference. 6 studies included 35;68;69;107;117;149. 
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Figure 37: Funnel plot of all studies of working hours. The odds ratios are based on 
the highest available exposure group from each study with the lowest exposure group 
as reference. 7 studies included 52;63;109;117;132;145;152. 
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Figure 38: Funnel plot of all studies of the psychosocial working environment. 38 
studies included 35-38;50;52-54;56;63;65;66;68;69;107-110;113;117;121;122;125-130;132;134;136-140;145;149;152. 
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