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“I am of certain convinced that the greatest heroes are those who do their duty in the daily 

grind of domestic affairs whilst the world whirls as a maddening dreidel”. 

Florence Nightingale 

 





 

 

ABSTRACT 

Common mental disorders are an increasing public health problem worldwide, and in Sweden 

the incidence of sick leave due to stress-related mental disorders has more than doubled since 

2010. The aim of this thesis was to explore genetic and environmental aspects of burnout and 

sick leave due to stress-related and other mental disorders. Data from the population based 

Swedish Twin Registry’s questionnaire study STAGE (the Study of Twin Adults Genes and 

Environment) and population registers, including the MiDAS (MicroData for Analyses of the 

Social insurance) register, were used.  

Study I was cross-sectional and included 25 378 twins that responded to STAGE. A 

multivariate biometric twin model was used to assess to what degree the covariation between 

major depressive disorder, generalized anxiety disorder, and burnout, was explained by 

common genetic and environmental factors in women and men. A latent common factor 

explained that the covariation was influenced 58% by genetics and 42% by unique 

environment. 

Studies II-III were prospective and contained 23 611 and 11 729 STAGE responders 

respectively. Information from the MiDAS register was used to follow up for sick leave. In 

Study II logistic regression with co-twin control and a bivariate twin model was used to 

assess whether the associations between burnout and sick leave due to stress-related mental 

disorders, other mental disorders, and somatic conditions, was influenced by familial factors 

(genetics and shared environment). The phenotypic correlation between burnout and sick 

leave due to stress-related mental disorders (0.26), and between burnout and sick leave due to 

other mental disorders (0.30) was explained by genetic factors. The association between 

burnout and sick leave due to somatic conditions was modest and not influenced by familial 

factors. In Study III, logistic regression models were used to assess whether psychosocial 

work environment and health behaviors were risk factors for sick leave due to mental 

disorders and if the associations were influenced by familial factors. Job strain was a risk 

factor for sick leave due to mental disorders, after controlling for familial factors, while none 

of the health behaviors showed independent associations with sick leave due to mental 

disorders. 

Study IV was register based and contained 2202 individuals on sick leave due to a mental 

disorder 2005-2006, according to MiDAS, and their 2202 co-twins. Cox proportional hazards 

regression models with co-twin control was used to investigate the short and long term effect 

of sick leave due to mental disorders on the outcomes reoccurring sick leave, disability 

pension, and unemployment, while taking familial factors into account. The risk of 

reoccurring sick leave was more than 3 times higher for the first two years of follow up. The 

risk of disability pension was 12 times higher the first year and remained almost 3 times 

higher throughout the rest of the follow-up time. The twice as high risk for long-term 

unemployment was consistent over the up to 8-year follow-up time. 

In conclusion, burnout shares a genetic vulnerability with depression, anxiety, and sick leave 

due to mental disorders. Job strain is a risk factor for sick leave due to mental disorders 

regardless of familial predisposition. Sick leave due to mental disorders is a public health 

problem that may have serious consequences, both for individuals and to society as a whole.  



SVENSK SAMMANFATTNING 

Psykiska sjukdomar är ett ökande folkhälsoproblem över hela världen, och i Sverige har 

incidensen av sjukskrivningsfall i anpassningsstörningar och reaktioner på svår stress mer än 

fördubblats sedan 2010. Syftet med den här avhandlingen var att undersöka genetiska och 

miljömässiga aspekter av utmattning och sjukskrivning i psykiska diagnoser. Data från en 

enkätstudie (STAGE) genomförd av det svenska tvillingregistret och nationella register 

inklusive MiDAS (MicroData för Analys av Socialförsäkringen) användes.  

Studie I var en tvärsnittsstudie som inkluderade 25 378 tvillingar som svarat på STAGE. En 

multivariabel biometrisk tvillingmodell användes för att bedöma i vilken grad depression, 

generaliserat ångestsyndrom, och utmattning förklarades av gemensamma genetiska och 

miljömässiga faktorer hos kvinnor och män. En modell med gemensam underliggande faktor 

passade data bäst och den gemensamma faktorn som förklarade samvariationen påverkades 

till 58 % av genetik och 42 % av unik miljö. 

Studierna II-III var prospektiva studier och inkluderade i 23 611 respektive 11 729 tvillingar 

som svarat på STAGE. Information från MiDAS-registret användes för att följa upp för 

sjukskrivningar. I Studie II användes logistisk regression och en bivariat tvillingmodell för att 

bedöma huruvida sambandet mellan utmattning och sjukskrivning på grund av 

stressrelaterade, andra psykiska diagnoser, och somatiska diagnoser påverkades av familjära 

faktorer (genetik och delad miljö). Korrelationen mellan utmattning och sjukskrivning på 

grund av stressrelaterade psykiska diagnoser (0,26) och mellan utmattning och sjukskrivning 

på grund av andra psykiska diagnoser (0,30) förklarades av genetiska faktorer. Sambandet 

mellan utmattning och sjukskrivning på grund av somatiska diagnoser var svagt och 

påverkades inte av familjära faktorer. I Studie III användes logistiska regressionsmodeller för 

att undersöka om psykosocial arbetsmiljö och hälsorelaterade beteenden var riskfaktorer för 

sjukskrivning i psykiska diagnoser och om sambanden påverkades av familjära faktorer. 

Spänt arbete var en riskfaktor för sjukskrivning i psykiska diagnoser, efter att ha kontrollerat 

för familjära faktorer, medan inget hälsorelaterat beteende visade samband med sjukskrivning 

på grund av psykiska diagnoser efter kontroll för familjära och andra faktorer. 

Studie IV var registerbaserad och inkluderade 2202 personer som var sjukskrivna på grund av 

en psykisk diagnos 2005-2006, enligt MiDAS, och deras 2202 tvillingsyskon. Cox 

regressions modeller användes för att undersöka den kort- och långsiktiga effekten av 

sjukskrivning i psykiska diagnoser på utfallen upprepade sjukskrivningsfall, sjuk- eller 

aktivitetsersättning och arbetslöshet, justerat för familjära faktorer. Risken för upprepade 

sjukskrivningsfall var mer än 3 gånger högre de två första åren av uppföljningen. Risken för 

sjuk- eller aktivitetersättning var 12 gånger högre det första året, och nästan 3 gånger högre 

under resten av uppföljningstiden. Den dubbelt så höga risken för långtidsarbetslöshet var 

stabil under den upp till 8 åriga uppföljningstiden. 

Sammanfattningsvis, utmattning delar en genetisk sårbarhet med depression, ångest och 

sjukskrivning i psykiska diagnoser. Spänt arbete är en riskfaktor för sjukskrivning på grund 

av psykiska diagnoser, oavsett familjär predisposition. Sjukfrånvaro på grund av psykiska 

diagnoser är ett folkhälsoproblem som kan få allvarliga konsekvenser, både för individer och 

för samhället som helhet. 
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1 INTRODUCTION 

While the health of the Swedish population is generally improving, the prevalence of the 

common mental disorders depression, anxiety, and stress-related disorders are increasing in 

women and men of all age groups (1). The increase is reflected in sick-leave rates, sick leave 

has increased between 2010 and 2015, and in particular the incidence of sick leave due to 

stress-related mental disorders (adjustment disorders and reaction to severe stress), more than 

doubled during this time (2). These disorders are also increasing worldwide (3) and mental 

disorders are one of the most common reasons for work disability in Europe (4). The 

common mental disorders are complex traits whose development involve many genes and 

environmental factors (5). Moreover, aspects other than mental disorders such as work-

related factors, health status, socio-economic situation and family background, are of 

importance when studying sick leave (2, 6-9). How sick leave affects an individual varies 

depending on life situation (10), but on population level, sick leave due to mental disorders 

has been found to increase the risk of future absence from the labor market in forms of further 

sick leave, disability pension, and unemployment (11), causing high costs and lower 

productivity for society (12, 13). In order to address this major public health problem, more 

knowledge is needed on how these common stress-related and other mental disorders 

develop, how they lead to sick leave and what consequences this may have.  

In this thesis, self-reported levels of burnout, measured with the Pines Burnout Measure, as 

well as sick leave due to stress-related and other mental disorders, were studied in a 

population of twins. Studying twins enabled us to examine the variability of these measures 

more closely in the population, in terms of genetics and environment shared by the twin pairs 

and environment unique to each twin. The focus was on how genetics and shared 

environment influenced the covariation between burnout, mental disorders and sick leave, as 

well as studying environmental risk factors and outcomes that were independent of these 

factors.  

1.1 STRESS AND MENTAL HEALTH  

Even though stress is understood when used in everyday language, there is no agreed upon 

definition of stress (14), instead, the term is used to describe a wide range of both stimuli and 

responses (15). The term stress as it is used today was introduced by Hans Selye in the 1930s. 

He defined stress as “The nonspecific response of the body to any demand made on it” (16, 

p.32) and he later described the response of the body to the stress as the general adaptation 

syndrome, with three stages: alarm, resistance and exhaustion (17). Lazarus and Folkman 

later developed a theory where they focused on the relationship between the individual and 

environment. In order for an external organism to cause illness, the person also needs to be 

susceptible. In other words, psychological stress depends to a large extent on an individual’s 

cognitive appraisal of the stressor (15). Mental health is defined by the World Health 

Organization as “a state of well-being in which every individual realizes his or her own 

potential, can cope with the normal stresses of life, can work productively and fruitfully, and 

is able to make a contribution to her or his community” (18).  
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1.2 CONCEPTUAL FRAMEWORK 

1.2.1 Burnout and exhaustion disorder 

Burnout, like stress, lacks an agreed upon definition (19). The term is thought to originate 

from the fictional book “A burnt out case” from 1961. In the book an architect´s stress-related 

health problems is compared to that of end stage leprosy, where the patients are cured, but 

missing limbs, and are suffering from the psychological consequences of the disease i.e., 

“burnout” (20). Burnout started appearing in the scientific literature in the 1970s in 

publications by Freudenberger (21), a psychiatrist and Maslach (22), a social psychologist. 

Maslash describes burnout as having three dimensions: exhaustion, cynicism, and a sense of 

ineffectiveness. Maslach defined burnout as a work related phenomenon in the caring 

professions that focused on the relationship between the staff and client (23). In the 1980s the 

Maslash Burnout Inventory, was developed, that remains the most common measure of 

burnout (24). At a similar time Pines developed a measure that takes a wider perspective on 

burnout and could be used also in non-working populations, the Pines Burnout Measure (25). 

Pines describes burnout as a condition caused by long-term stress, characterized mainly by 

emotional exhaustion (25). The Pines Burnout Measure, the measure of burnout used in this 

thesis, correlates mainly with the exhaustion dimension of the Maslash Burnout Inventory 

(26).  

Previous studies have found that burnout has an effect on physical health (27-29) and it often 

co-occurs with mental disorders such as depression (30) and anxiety (31, 32). In addition to 

being prevalent in “people working with people” (23), high levels of burnout has been found 

among students (33), athletes (34), family caregivers (35-37) as well as those unemployed 

(38). Well known risk factors for burnout include a poor psychosocial work environment (23, 

39, 40). Personality traits such as neuroticism (23) and performance based self-esteem (41, 

42) has also been studied in relation to burnout, however to a lesser extent.  

Socio-demographics that have been studied in relation to burnout include sex, age and 

socioeconomic status. Internationally there are no large sex differences in burnout (43), 

however, in Sweden burnout is more prevalent among women (38, 44). Burnout is usually 

found to decrease with age in the studies that have been based on working populations (45). 

However, little is known about whether burnout really declines with age, or whether it is 

rather the case that those with burnout exit the workforce early i.e., the healthy worker effect. 

A population based study from Sweden found the association between burnout and age to be 

weak (38). The association between burnout and socioeconomic status is unclear. Some 

studies have found burnout is more common among those with higher education (23), while 

Swedish studies have found that burnout is more common among women blue collar workers 

(44, 46), and another study found no association (38).  

Because burnout has been traditionally studied in working populations, there are fewer 

studies investigating clinical burnout i.e., when the burnout has become so severe that the 

person can no longer work and needs professional help (47). However, previous research has 
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found that burnout is a risk factor for sick leave due to mental disorders (48, 49). Long-term 

sick leave due to stress and mental disorders has increased since the 1990s in Sweden, and as 

a response, the National Board for Health and Welfare appointed a working group, with a 

task of developing a basis on how these stress-related disorders was to be examined, 

diagnosed, treated and rehabilitated. As a result the diagnosis “Exhaustion disorder”, 

sometimes also referred to as clinical burnout, was added to the ICD (International Statistical 

Classification of Diseases and Related Health Problems) 10 under the heading F43 

“adjustment disorders and reaction to severe stress” in 2005 (50). Also included in the F43 

heading “Adjustment disorders and reaction to severe stress” are acute stress reaction, post-

traumatic stress disorder, adjustment disorder, other reactions to severe stress than exhaustion 

disorder and unspecified reactions to severe stress (50). The diagnostic criteria for exhaustion 

disorder can be found in Table 1. As well as often co-occurring with other mental disorders, 

somatic symptoms in patients with stress-related mental disorders are also very common (51). 

1.2.2 Depression and anxiety  

Depression and anxiety are major public health problems worldwide and have contributed to 

the increase of years lived with disability (3). There is a treatment gap and many meeting the 

criteria for these disorders have been found to not have had any treatment for their mental 

health problems (52-54). The lifetime prevalence of major depressive disorder has been 

found to be 13-16% in Europe and the United States, while the lifetime prevalence of  

generalized anxiety disorder was found to be 3% (53, 55). In Sweden 2009 the point 

prevalence was found to be 5.2% (95% CI: 4.0–6.5) for major depressive disorder and 8.8% 

(95% CI: 7.3–10.4) for generalized anxiety disorder in a sample representative of the general 

population (52). Comorbidity between depression and anxiety is common (52, 53), and in 

those with comorbid disorders, the disorders are generally more severe (52, 56). Depression  

and anxiety can be found in both ICD and DSM (Diagnostic and Statistical Manual of Mental 

Disorders) and the criteria are very similar (57, 58). Diagnostic criteria for major depressive 

disorder and generalized anxiety disorder according to DSM-IV can be found in Table 1.  

1.2.3 Sick leave due to stress-related and other mental disorders 

Since 2014 mental diagnoses are the most common reason for sick leave reimbursed by the 

Social Insurance Agency in Sweden (2). Moreover, mental diagnoses represents the longest 

sick-leave duration, the lowest rates of return to work, and highest risk of disability pension 

(59). Among the mental disorders, the most common sick-leave diagnoses are stress-related 

mental disorders, depression, and anxiety disorders. Comorbidity between these mental 

disorders is common (60) and a study found that 85% of those on sick leave due to a stress-

related disorder also fulfilled the diagnostic criteria for depression (61). Sick leave due to 

mental disorders are more common in the middle age groups and among women (62). In fact, 

the gender differences are larger in sick leave due to mental disorders than in sick leave in 

general, and of those on sick leave due to stress-related mental disorders 75% are women 

(63). In a questionnaire study of those on long term sick leave, those with a mental diagnoses 

reported more both positive and negative consequences of their sick leave, compared to other 
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diagnoses groups (10). It should be noted that even though sick leave due to mental disorders 

is common, many of those with symptoms of mental disorders are not on sick leave (64). 

About 2 % of the working-age population was on sick leave due to a mental disorder 2012, 

while 21% of women and 15% of men reports having poor mental health in the national 

public health survey 2013 (64). Hence, sick leave is not a measure of the disease itself, but 

rather a measure of the social consequences of the disease in terms of work incapacity (6).  
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1.2.4 Summary of diagnostic criteria for major depressive disorder, generalized anxiety disorder, and exhaustion disorder 

Table 1 contains a summary of the diagnostic criteria for major depressive disorder and generalized anxiety disorder according to the DSM-IV (57) and 

exhaustion disorder according to the Swedish version of ICD-10 (50). Exhaustion disorder is classified under F43 (adjustment disorders and reaction to 

severe stress). Burnout was measured in this thesis with the Pines Burnout Measure, which is a self-report scale of burnout symptoms, and therefore does 

not have diagnostic criteria.  

Table 1: Diagnostic criteria for Major depressive disorder and Generalized anxiety disorder as per DSM-IV and exhaustion disorder as per ICD-10.  

Major depressive disorder Generalized anxiety disorder Exhaustion disorder 

A. Five of the following symptoms during the same 2-

week period with at least one of the symptoms 1 or 2  

C. Cause clinically significant distress or impairment in 

social, occupational, or other important areas of 

functioning,  

E. Not be better accounted for by bereavement  

A. Excessive anxiety and worry, occurring 

more days than not for at least 6 months 

C. About a number of events or activities, 

associated with three or more of the following 

A. Physical and psychological symptoms of fatigue for at least two 

weeks that have developed as a result of one or more identifiable 

stressors which have persisted for at least six months must be present  

B. A substantial lack of mental energy dominates the picture, which 

shows itself in reduced enterprise, decreased stamina or prolonged 

recovery in associated with psychological stress 

C. At least four of the following symptoms have persisted virtually every 

day during the same two-week period 

 

1. Depressed mood most of the day, nearly every day 

2. Markedly diminished interest or pleasure in all, or 

almost all, activities most of the day, nearly every day 

3. Significant weight loss when not dieting or weight gain, 

or decrease or increase in appetite nearly every day 

4. Insomnia or hypersomnia nearly every day 

5. Psychomotor agitation or retardation nearly every day 

6. Fatigue or loss of energy nearly every day  

7. Feelings of worthlessness or excessive or inappropriate 

guilt nearly every day  

8. Diminished ability to think or concentrate, or 

indecisiveness, nearly every day 

9. Recurrent thoughts of death (not just fear of dying), 

recurrent suicidal ideation without a specific plan, or a 

suicide attempt or specific plan for committing suicide 

1. Restlessness or feeling keyed up or on edge 

2. Being easily fatigued 

3. Difficulty concentrating or mind going 

blank 

4. Irritability 

5. Muscle tension 

6. Sleep disturbance 

1. Difficulty concentrating or memory impairment 

2. Significantly reduced ability to manage claims or to do things under 

time pressure 

3.Emotional lability and irritability 

4. Sleep disturbance 

5. Substantial bodily weakness or fatigue 

6. Physical symptoms such as pain, chest pain, palpitations, 

gastrointestinal symptoms, dizziness and sound sensitivity. 

7. The symptoms cause clinically significant distress or impairment in 

social, occupational or other important areas 

8. The symptoms are not due to the direct physiological effects of a 

substance (eg, a drug of abuse, medication) or a general medical 

condition / injury (eg hypothyroidism, diabetes, infectious disease) 

9. If the criteria for major depression, dysthymia and generalized anxiety 

disorder simultaneous fulfillment of specified fatigue syndrome only as 

additional specification to the current diagnosis 
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1.3 SOCIAL INSURANCE IN SWEDEN 

1.3.1 Sick leave  

In Sweden, everyone above 16 years old with an income from work, unemployment benefit, 

or parental leave, that is unable to work due to disabilities, illnesses, or occupational injuries 

can apply for sickness benefit. After a qualifying day, the employer pays up to 80% of the 

worker’s wage in sick pay for the first two weeks, after which the Social Insurance Agency 

takes over (65). A medical certificate is required from day 8 of sick leave. Those who are 

unemployed, self-employed, or on parental leave apply for sickness benefit directly to the 

Social Insurance Agency. Sick-leave benefit can be granted full time, 75%, 50%, or 25%, of 

regular work hours depending on the reduction in work capacity (65).  

Long-term sick-leave rates are high in Sweden and interventions to reduce the length of sick 

leave have been implemented by the government. In 2008 recommendations on sick-leave 

duration for specific diagnoses, and time limits were introduced (66). Since the changes, after 

90 days of sick leave, an individual is only granted further sick leave if they are not able to 

perform any duties at their place of employment, and after 180 days, any duties on the entire 

job market (66). Sick-leave rates are currently rising after being reduced between 2002 and 

2010 (67) and are highest among healthcare workers, which are also the largest group of 

employees, representing 13% of the workforce (67). Sick-leave rates are twice as high among 

women compared to men, and higher in older workers compared to younger (67). Sick leave 

is more common among groups with lower socioeconomic status (66), however, sick-leave 

rates are now increasing in professions requiring higher education (67). Negative outcomes of 

being on sick leave that have previously been studied include premature death (68), suicide 

(69), reoccurring sick-leave (70), disability pension (71), unemployment (11, 12), low income 

(72), and poor physical and mental health (73). The effect of sick leave can vary depending 

on gender, education and immigration status (11, 74), as well as age and diagnosis (10). In 

order to facilitate comparison between sick-leave studies, they can be categorized in the 

structure shown in Table 2, and perspectives taken in this thesis are marked in bold (75). 
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Table 2: Categorization of studies of sickness absence, perspectives taken in this thesis has been marked 

in bold. 

What is studied? -Design 

-Studied 

-Data 

-Analyses  

Scientific 

discipline  

-Perspective 

taken in the 

research 

questions 

-Studied 

Structural 

level of the 

factors 

included in 

the analyses 

Diagnoses 

1. Factors that 

hinder or promote 

sickness 

absence/disability 

pension  

2. Factors that 

hinder or promote 

return to work 

3. Consequences of 

being on sickness 

absence/disability 

pension 

4. Sickness 

certification 

practice 

5. Methods, 

theories 

Study design 

-Cross 

sectional 

-Longitudinal 

-RCT, CT 

Type of data 

Interview 

Questionnaire 

Register 

Medical files 

Insurance files 

Notes 

Documents 

Video 

Other 

Type of analyses 

- Qualitative  

-Quantitative 

 

Economy 

Law 

Management 

Medicine 

Psychology 

Sociology 

Public health 

Epidemiology 

Philosophy 

Behavioral 

genetics 

 

Perspective 

That of the:  

-Society 

-Insurance 

-Healthcare 

-Employer 

-Family 

-Patient 

Studied 

General 

population 

Twins 

Insured 

In paid work 

(general or 

special 

jobs/organizatio

ns) 

Diagnosed 

Sickness absent 

 

-National 

-Local 

-Worksite 

-Health care 

-Family 

-Individual  

All  

 

Mental 

Musculoskel. 

Cancer 

MS 

Hearing 

CVD 

Infections 

Injuries  

Diabetes  

Etc. 

 

 

1.3.2 Disability pension 

If the work capacity is long term or permanently reduced, the individual can apply for 

disability pension which covers up to 64% of lost income (65). Disability pension is given to 

those 30-64 years old who will probably be unable to work full-time again for the foreseeable 

future, and those 19-29 years old who will probably be unable to work full-time for at least a 

year. As sick leave it can be given 100%, 75%, 50%, or 25%, of regular working hours.  

1.3.3 Unemployment benefits 

Unemployment benefits are covered by sector-specific unemployment benefit funds, 

requiring membership, covering up to 80% of lost income. There is also a basic insurance for 

those who are over 20 years old and not a member of such fund, with a compensation rate of 

8000 Swedish kronor per month. Unemployment benefit can be given up to 450 days and no 

payment is given in the first week of unemployment. In order to qualify for benefits an 

individual must register as a job seeker at the Swedish National Employment Office and be at 

the “disposal of the job market” i.e., be fit to work at least 3 hours per day and an average of 

17 hours per week (76).  
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1.4 WORK, HEALTH BEHAVIOURS, AND MENTAL HEALTH 

Being employed is generally good for mental health and provides positive effects in many 

aspects of life, such as financial security, social identity and contacts, a sense of purpose and 

making a contribution to the community, as well as providing activity and a time structure 

(77). Unemployed individuals have been found to have lower psychological and physical 

well-being than those employed (78). Hence, returning to work as soon as possible is seen as 

desirable for people sickness absent due to common mental disorders and many interventions 

have been developed to enhance return to work (79). Long sick-leave spells are usually seen 

as detrimental to health and early part-time return to work has been found to be beneficial 

(66), also for those on sick leave due to mental disorders (80). In a randomized study of those 

with sick leave due to musculoskeletal disorders, early part-time return to work was found to 

both reduce the duration of the sick-leave spell, and also improve self-rated health and health-

related quality of life (81, 82). Burnout may also be negatively affected by long absences 

from the job market, as burnout has been found to be twice as high in those unemployed than 

in those in paid work (38). Moreover, risk of unemployment and a perceived worsening 

financial situation have been found to increase levels of burnout in a prospective study (83). 

However, the work environment can also affect health in negative ways (84). In Sweden, 

since the beginning of the 1980s, an increasing share of employed people have reported their 

work is hectic and mentally taxing (9). Hence, in cases where the work environment is 

unhealthy, measures need to be taken before returning to work for those on sick leave. A 

common measure of the psychosocial work environment is the job demand-control-support 

model developed by Theorell and Karasek (85). The basis of this model is that job demands 

that are too high in combination with low control over one’s work situation are detrimental to 

health. A third aspect of low social support in the workplace, was later added to the measure 

(86). Burnout was initially described as a result of job stressors (23). Hence, there are many 

studies that have linked a poor psychosocial work environment to burnout (39, 87). 

Moreover, studies have also found that a poor psychosocial work environment is a risk factor 

for sick leave (88, 89). Even though the individuals health is important for returning to work, 

the workplace need to be involved if return to work after sick leave due to mental disorders is 

going to be successful (64). Relatively low demands and high control have been found to be 

associated with return to work (90) and workplace-oriented rehabilitation measures and 

changing occupation have been shown to reduce the odds of further sick leave in those who 

had been sickness absent due to mental disorders (91).  

People experiencing work strain have been found to be more likely to have an unhealthy 

lifestyle, compared with those who do not, in terms of smoking, alcohol intake, and leisure-

time physical activity (92). Poor self-care in form of adverse health behaviors including 

smoking, excessive alcohol use and a lack of physical activity has been found to be risk 

factors for sick leave (93-97). There is also an excess mortality among psychiatric patients 

(98, 99) and having sick leave due to a mental disorder has been found to be a risk factor for 

premature mortality (68, 100), a possible contribution to this is adverse health behaviors. 

Burnout has been found to affect physical health, in that it increases the risk for diabetes, 
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cardiovascular disease, and predicts mortality (27-29), however, there are only few studies 

(47).  

1.5 GENETICS AND HERITABILITY  

The human genome is the complete DNA (deoxyribonucleic acid) content of an individual 

and consists of 3 million base pairs organized on 23 chromosomes. A gene refers to the 

section of DNA that encodes a functional product such as a protein or RNA (ribonucleic 

acid), the human genome contains approximately 25 000 genes. In 2003, the mapping out of 

the entire human genome was completed (5). Humans share 99.9% of their genome; about 1 

in 1000 bases differs between individuals, and these differences make the human genome 

unique to each individual, the exception being monozygotic (identical) twins (5). These 

different variants are known as alleles, and each genetic locus consists of two alleles, one 

which is inherited from the mother and one from the father. Hence the probability that two 

full siblings will share a specific allele is 50% and therefore we say that full siblings share 

approximately 50% of their segregating genetic material. The probability that siblings share 

both alleles at a location is 25% (50%*50%) (5). Twin studies take advantage of the fact that 

identical, also called monozygotic twins come from one fertilized egg, while fraternal, also 

called dizygotic twins come from two separately fertilized eggs. This means that 

monozygotic twins are expected to be genetically identical, while dizygotic twins are as 

genetically similar as regular full siblings, while both types share environment growing up to 

the same extent (if raised together). Monozygotic twins are almost always the same sex 

(except in some very rare cases (101)) and dizygotic twins can be either same or opposite sex 

(5).  

In twin research the known genetic relationships between twins is used to estimate the 

contribution of genes on a trait, the covariation between two or more traits, and this is 

referred to as heritability (102). Moreover, using the twin siblings as a reference in a matched 

analysis and hence adjusting for all factors shared by the twins in a pair (familial factors) is 

possible. Since heritability studies are based on the known genetic relationships, the genes are 

unmeasured and no specific genes are identified (103).  

Heritability is population specific i.e., is explaining the proportion of the variance in the 

measured sample that is explained by genetic factors and this may differ between populations 

and time points. Heritability can differ between sexes and early and late in life and is 

dependent on the environment. If the environment is exactly equal for all in a population 

heritability will be 100% i.e., genetics will explain all the variation and if there is a lot of 

environmental variation, heritability will be lower (102). Certain diseases are caused by a 

single gene, such as Huntington’s disease, however, for complex traits such as the common 

mental disorders, many genes are involved as well as many environmental factors (5). 
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1.5.1 Twin studies of stress, mental health, and sick leave 

Meta-analyses of twin studies have found that depression and anxiety are moderately   

heritable (104, 105), and two twin studies have found that burnout seems likewise heritable 

(106, 107). Moreover, sick leave and disability pension, both in general and due to mental 

disorders, have also been found to be heritable (7, 108-110). In a twin study of disability 

pension due to mental disorders, a third of the heritability overlapped with the heritability for 

major depressive disorder and generalized anxiety disorder. Hence, many other genetic and 

environmental factors were involved in explaining the variation (111). In another twin study 

the association between depression, anxiety, and sick leave due to mental disorders was 

explained by both genetic and unique environmental factors (112). Hence, the heritability of 

sick leave does not seem to be only influenced by the fact that the underlying disorder is 

heritable. Twin studies of risk factors for sick leave and disability pension due to mental 

disorders have found that high job demands, occupational group, self-rated health and health 

behaviors seem to be risk factors for disability pension due to mental disorders independent 

of familial factors (113, 114). On the other hand, the association between socio-economic 

status and sick leave due to mental disorders seem to be explained by familial factors in 

young adults (115).  Moreover, a twin study found that genetic factors seem to be involved in 

the transition from long-term sick leave to disability pension (110). Since there are only few 

studies, further studies on risk factors and adverse outcomes of sick leave due to mental 

disorders taking genetics and shared environment into account are needed, as well as studies 

more closely examining the heritability of such sick leave. In Figure 1, an overview of the 

studies in this thesis is provided. 
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2 AIMS 

2.1 OVERALL AIM 

The overall aim of this thesis was to explore genetic and environmental aspects of burnout 

and sick leave due to stress-related and other mental disorders, including heritability, 

comorbidity, risk factors, and adverse outcomes. 

2.2 SPECIFIC AIMS 

Study I: To examine to what degree the covariation between major depressive disorder, 

generalized anxiety disorder and burnout was explained by common genetic and 

environmental factors, in women and men. 

Study II: To assess whether the associations between burnout and sick leave due to stress-

related mental disorders, other mental disorders, and somatic conditions was influenced by 

familial factors. 

Study III: To investigate whether psychosocial work factors and health behaviors were risk 

factors for sick leave due to mental disorders and whether the associations were influenced by 

familial factors. 

Study IV: To investigate the short and long-term effect of sick leave due to mental disorders 

on the outcomes reoccurring sick leave, disability pension and unemployment, while taking 

familial factors into account. An additional aim was to investigate if the effect differed 

between sick leave durations and diagnoses. 

 



 

 19 

3 MATERIALS AND METHODS 

3.1 DATA SOURCES 

Studies included in this thesis were part of two larger projects “Factors of importance for 

burnout” and “the Swedish Twin project Of Disability pension and Sickness absence” 

(STODS) (116). Factors of importance for burnout contain cross-sectional data from the 

questionnaire study, the Study of Twin Adults Genes and Environment (STAGE). STODS 

contains all 119 907 twins from the population based Swedish Twin Registry (STR) born 

1925-1990 and contains data from several large questionnaire studies, including STAGE, and 

population registry data that has been obtained and linked using the personal identification 

number of the twins. Data from the following sources was used in this thesis: 

• STAGE was an extensive web-based questionnaire study, where an invitation to 

participate was sent to all twins in the STR born 1959-1985 (N= 42 582) in 2004-

2006. STAGE had a response rate of 60%, hence the sample contains 25 496 

individuals (25 378 in the data delivery used in study one) whereof 70% were 

complete twin pairs. A telephone interview was also offered as an alternative to the 

web-based response. STAGE included questions to assess zygosity, the Pines Burnout 

Measure, the Swedish Demand-Control-Support questionnaire as well as questions on 

alcohol use, smoking, and physical activity. STAGE also contained questions 

regarding sociodemographics and health status. More information about STAGE is 

available from (117, 118). 

• The Social Insurance Agency’s database MicroData for Analyses of the Social 

insurance (MiDAS) (119). MiDAS contains information about all sick-leave spells 

and disability pensions reimbursed by the Social Insurance Agency since 1994 

including dates, grade (full time or part time), duration, and diagnosis. Sick-leave 

diagnoses are available from 2005 onwards.  

• The longitudinal integration database for health, insurance and labor market studies 

register (LISA by Swedish acronym) held by Statistics Sweden, that contains 

information about demographics, education, and work sector (120).  

• The cause of death register, held by the National Board of Health and Welfare, that 

contains death dates of Swedish residents (121).  

• The National Patient Registry held by the National Board of Health and Welfare, 

which contains dates and diagnoses of hospital admissions was used for additional 

analyses included in the thesis (122). 

3.2 STUDY DESIGN 

Study I had a cross-sectional design that used only STAGE questionnaire data. Studies II, III, 

and IV had a prospective cohort design. Study II and III used STAGE to measure exposures, 

and used the MiDAS register for the outcomes, while study IV was completely register based.  
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3.3 INCLUSION/EXCLUSION CRITERIA AND STUDY POPULATION 

Figure 2 contains a description on how the study populations were selected for the four 

studies, including exclusion and inclusion criteria.  
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3.4 VARIABLES  

3.4.1 Burnout 

Burnout was a central variable in studies I and II. Burnout was measured with the Pines 

Burnout Measure, included in the STAGE questionnaire. The short version with three 

questions was used, enquiring how often the participant had “felt down”, “felt emotionally 

exhausted” and “felt ran down” the past 12 months, with responses 1=never, 2=once or a 

couple of times, 3=seldom, 4=sometimes, 5=often, 6=most of the time, and 7=all the time, 

was included and the mean value was calculated. Burnout was used as a continuous variable 

in regression analyses. However, due to the fact that multivariate biometric twin models were 

used with other binary variables, a categorical variable also had to be created. We used 4 

groups: no burnout (1–2.99), risk of burnout (3–3.99), burnout (4–4.99), and severe burnout 

(5-7). The severe burnout group had no concordant dizygotic male twin pairs which made it 

impossible to use for sex limitation models. In study I the two highest categories were 

collapsed in order to further investigate sex differences. In study II the lack of concordant 

male dizygotic pairs was also a problem in the sick-leave variables, consequently we used 

men and women combined. The Pines Burnout Measure has been found to have good 

construct validity, it correlates highly (0.9) with the full version of the Pines Burnout Measure 

(38). Cronbach’s alpha was 0.89 in study I and 0.87 in study II. Since the Pines Burnout 

Measure is not a clinical instrument, there is no clear cutoff in the Pines Burnout Measure 

where a person can be considered “burned out”, however, Pines has stated that 4 is a critical 

level for burnout (25). We used cutoffs based on this as well as on previous studies (36, 37). 

As an additional analysis for this thesis, I also calculated the mean burnout levels of those 

that were on sick leave or disability pension when responding to STAGE, in order to further 

investigate these cutoffs.  

3.4.2 Major Depressive Disorder 

In study I, self-reported lifetime history of major depressive disorder was included. Thirty-

eight questions in STAGE were used to measure this. An initial question was posed in the 

web-based questionnaire asking if the participant ever had felt depressed for two weeks in a 

row or more. If they answered yes they got asked the follow-up questions assessing the 

diagnostic criteria for major depressive disorder. Questions were based on the Structured 

Clinical Interview for DSM-IV Disorders (123) that uses criteria for major depressive 

disorder in the DSM-IV (57). Criteria A, C, and E had to be fulfilled in order for the 

participant to be classified as having had major depressive disorder (see Table 2). The 

validity of assessing the diagnostic criteria using a web-based questionnaire compared with 

structured clinical interviews have been studied with varied results (124-126). However, the 

genetic variance has been found to be captured well compared to a structured clinical 

interview (127, 128).  
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3.4.3 Generalized Anxiety Disorder 

In study I self-reported lifetime history of generalized anxiety disorder was included. Twenty-

three questions, with an initial question asking if the participant had felt anxious most of the 

time for more than one month, followed by questions assessing the diagnostic criteria if the 

person answered yes. The measure of generalized anxiety disorder was also based on 

Structured Clinical Interview for DSM-IV Disorders (123). Criteria A and C in DSM IV had 

to be present in order for the participant to be classified as having had generalized anxiety 

disorder (See Table 2) (57).  

3.4.4 Sick leave 

Sick leave was a major focus in study II, III, and IV. The MiDAS register was used to 

identify cases of sick leave i.e., sick leave that was reimbursed by the Social Insurance 

Agency. This means only spells that were longer than 14 days, however, in cases where the 

person on sick leave was unemployed, on parental leave, self-employed, or had a certain 

chronic disease or disability, shorter spells may also occur in the register. Both study II and 

III used cumulative incidence of sick leave in approximately 5-year follow-up time as the 

outcome measure. In study II, all sick-leave spells were included but stress-related mental 

diagnoses (ICD-10 F43), other mental diagnoses (rest of the F chapter), and somatic 

conditions (all other diagnoses) were analyzed separately. The outcome was measured in a 

hierarchal way i.e., if a sick-leave spell with a stress-related mental diagnosis was present the 

participant was placed in that group, even if sick-leave spells with other diagnoses were also 

present. If both a mental sick-leave spell and somatic sick-leave spell were present, the 

participant was categorized in the mental group. This approach was used as mental disorders, 

particularly stress-related mental disorders, were the main focus of this thesis. In study III, 

however, we did not have sufficient power to investigate stress-related mental diagnoses 

separately. Instead, sick-leave spells with a mental diagnosis was considered and the sick-

leave variable was binary i.e., if there was any sick leave spell with the diagnostic code F00 

to F99 during follow up or not. Those with sick leave spells in other diagnoses only were 

excluded in order to have a healthy reference category. In study IV the exposure measure was 

if there was a current or new sick-leave spell due to a mental disorder during the exposure 

window (2005-2006). Duration of the sick-leave spell was also considered in this study in 

terms of net days, where two half days are considered one net day. Type of mental diagnosis 

was also included, depressive disorder (ICD-10 code F32-33), anxiety disorder (ICD-10 code 

F40-42), stress-related disorder (ICD-10 code F43) and other mental disorders (remainder of 

the F chapter). Since we used a survival analysis the outcome measure was the first date of 

reoccurring sick leave, all diagnoses were included.   

3.4.5 Psychosocial work environment  

In study III, the Swedish translation of the job demand- control- support model by Karasek 

and Theorell was used (129). The measure has been found to have satisfactory validity and 

reliability (129). It includes questions of job demands such as “Does your job require you to 

work very fast?” control such as “Do you have the possibility to decide for yourself how to 
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carry out your work?” and support such as “There is good collegiality at work”, for a list of 

all questions see (129). Answers were on a four-point Likert scale where: 1=agree 

completely, 2=agree somewhat, 3=do not really agree, and 4=do not agree at all. The mean 

scores were calculated and a categorical variable was created, using the medians of the 

variables as cutoff-points. Having high demands and high control was defined as an active 

job, low demands and low control as a passive job, low demands and high control as a low 

strain job, and high demands and low control as having job strain. A sub group to work strain 

with those that also has low social support was also used, called iso-strain (85, 86).  

3.4.6 Health behaviors 

Study III included measures of health behaviors from STAGE. Alcohol use was measured as 

grams per week from questions inquiring about type, amount, and frequency of alcohol 

consumption and the guidelines for “risk use” of alcohol (9 standard drinks per week for 

women and 14 for men) from the Swedish National Institute of Public Health were used to 

select cutoff points (130). Light-moderate consumers and abstainers were used as a reference 

category. Smoking used the categories current smokers and non-smokers, and the questions 

“Have you ever smoked or used snuff”, “Do you currently smoke cigarettes?” and “Do you 

currently smoke cigarettes occasionally or at parties?” were used to define the groups (114). 

Physical activity was measured using the question “Rate your current physical activity level 

on a scale from 1 to 10; 1=very low (sedentary, mainly sitting), 5=moderate physical activity 

(a few walks a week), and 10=very high (sports/jogging several times a week)”. Five 

categories were used: none (1 to 2), low (3 to 4), moderate (5 to 6), high (7 to 8), and 

vigorous (9 to 10) (131). We collapsed the categories “none” and “low” due to low numbers 

of respondents and vigorous was used as the reference category. 

3.4.7 Long-term unemployment  

In study IV, being long-term unemployed was defined as being unemployed for more than 

180 days in a calendar year based on the LISA register data, as we only had access to number 

of days per year and not exact dates. The information in LISA has been collected from the 

Swedish National Employment Office and includes those registered as unemployed with the 

agency. The cutoff point 180 days has been used in previous studies (132, 133). 

3.4.8 Disability pension 

In study IV where disability pension was used as an outcome variable, the first day the 

individual started receiving disability pension was extracted from the MiDAS register. All 

diagnoses and both full and part time disability pension were included.  

3.4.9 Zygosity 

Zygosity refers to whether the twins are monozygotic or dizygotic and was used in all studies. 

The STR uses a questionnaire to measure zygosity that enquires about physical similarity in 

childhood, including questions such as “Were you and your twin partner while growing up 

"like two peas in a pod" or you were "no more similar than siblings in general" terms of 
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appearance?”. This measure is included in all the questionnaire studies performed by the STR 

(134). However, zygosity measured based on DNA is becoming more prevalent and is now 

available for 13% of the same sex twins in the STR. In two small subsamples of the registry, 

the questionnaire has been validated against DNA testing and was found to be 98% accurate 

(134, 135), similar to findings from other countries, such as in the Danish (136) and 

Norwegian twin registries (137).  

3.4.10  Other covariates 

Sex and age was included in all studies. In study III education (highest level of completed 

education registered in the LISA database), previous sick leave (presence of sick leave 2 

years prior to the response date to STAGE in MiDAS), and self-rated health (how do you rate 

your general health; 1-5) was also adjusted for in the analysis of the whole sample. Study IV 

used the censoring variables date of death from the cause of death registry, and old age 

pension from the LISA register, and emigration, which was identified in the LISA register. If 

an individual was missing from the register for 2 years in a row they were considered as 

having emigrated.  

3.4.11  Inpatient care 

Having had inpatient care for any diagnosis within two years prior to the exposure sick-leave 

spell was identified in the National Patient Registry. The variable was only used in the 

additional analysis for study IV, see paragraph 3.3.5.1.  

3.5 STATISTICAL ANALYSES 

In this thesis two different types of methods were used, biometric twin models (Study I-II) 

and regression analysis with co-twin control (Study II-IV). Biometric twins models were 

performed using OpenMx software (138) run within the R environment (139). Regression 

analyses with co-twin control were performed in STATA IC 12. In all studies 95% 

confidence intervals (CI) were used and p-values less than 0.05 were considered statistically 

significant. Questionnaire responses/answers “don´t know/don’t want to answer”, were 

considered as missing values.  

3.5.1 Biometric twin models 

In biometric twin models, it is assumed the total phenotypic variance P is the sum of the 

additive genetic influences A, the non-additive genetic influences D, the shared 

environmental influences C and the unique environmental influences E (140).  

P=A+D+C+E.  

A refers to the sum of the effects of the alleles that influence the trait. Hence this parameter is 

set to correlate 1 between monozygotic twin pairs and 0.5 between dizygotic twin pairs. D 

refers to other genetic influences that involve interaction between alleles in the same gene or 

different genes. Hence this parameter is set to correlate 1 between monozygotic twin pairs 
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and 0.25 between dizygotic twin pairs. C represents the environment that is shared between 

the twins and hence is set to be 1 for both twin types. E represents the environment that is 

unique to each twin and the correlation is set to be 0 for both twin types, this parameter also 

contains measurement error (140). D and C cannot be estimated in the same models in 

samples containing only twins reared together (140). Figure 3 shows a path diagram of an 

ACE and ADE univariate model.  

 

Including opposite sex twins makes it possible to assess qualitative sex differences (whether 

same genes are underpinning the phenotype in men and women) by examining if the genetic 

correlation can be set to 0.5 in opposite sex dizygotic twins. Liability threshold models were 

used for categorical variables, where it is assumed that there is an underlying liability to the 

categorical variables that is normally distributed. Both discordant and concordant pairs as 

well as single twins were included in these analyses, as this provides the most information. 

Models are based on the variance (univariate models) or covariance matrixes (multivariate 

models) among monozygotic and dizygotic twins.  

First, saturated models were built and compared with a nested model that restricts the 

thresholds to be equal between twin 1 and twin 2 in a pair (randomly assigned) and between 

monozygotic and dizygotic twins, as this is an assumption of the models. In this type of 

analyses a more parsimonious model is preferred, hence, full models were compared to more 

parsimonious sub-models, and if the fit was not significantly different, the more parsimonious 

model was chosen (141). Where models were nested likelihood ratio chi-square statistic were 

used for this purpose, in case of non-nested models Bayesian Information Criterion (BIC) 

values were used to determine the best fitting most parsimonious model, where a lower value 

indicate the better fit (142, 143).  
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There are different types of multivariate models. In a Cholesky model, one of each of the 

factors per phenotype (A, C/D, E) is included. In a common factor common pathway model, 

factors load onto a latent common factor with a path to each phenotype, as well as an A, C/D, 

and E factor with an independent path to each phenotype. In a common factor independent 

pathway model, there is one shared A, C/D, and E factor with a path to each phenotype and a 

separate A , C/D, and E factor per phenotype (Figure 4).  

 

3.5.1 Regression analyses with co-twin control  

Regression analyses are commonly used in epidemiology when studying how measured risk 

factors explain the variation in an outcome, since they are flexible and allow adjustments for 

confounding effects by other variables in addition to interaction effects (144). In this thesis, 

logistic regression calculating odds ratios (OR) and cox proportional hazards regression 

models calculation hazard ratios (HR) were used. In cox regression models time-to event is 

analyzed and the models investigate how survival varies depending on the exposure 

variables. In logistic regression, person time is not used and models are investigating the 

probability of a binary outcome given a set of covariates. Logistic regression was used in 

study one and two, even though we had access to specific dates, since we were interested in 

sick leave due to mental disorders during the follow-up time, rather than time to event. When 

using a twin cohort for regression analyses, it must be taken into account in the analysis that 

the twins in a pair are not statistically independent (144). We used the clustered robust 

standard error for this purpose.  

Discordant twins were used in matched analysis (co-twin control), similar to a case-control 

study where the factors that the twins are matched on (familial factors) are adjusted for (145). 

Hence, this conditional regression analysis, adjusts for a large number of unmeasured, 
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potential confounders (144). Doing both an analysis of the whole sample and a matched 

analysis is recommended as this gives the most information (144). Comparing the analysis of 

the whole sample to the conditional analysis of the discordant twin pairs can then be used to 

investigate the impact of familial factors on the associations (146). If the OR or HR is 

increased in the analysis of the whole sample, it seems that the exposure is a risk factor for 

the outcome. If the estimates are reduced in the conditional analysis, it indicates that this 

association is explained by familial factors. The analysis can also be stratified on zygosity, 

and if the OR or HR is higher in dizygotic twins compared to monozygotic twins it would 

indicate that the association is explained by genetic factors, as the monozygotic twins are 

more closely matched on genetics (146).  

3.5.2 Study I 

In this study, univariate and different types of multivariate biometric twin models were 

performed. The univariate models tested for qualitative and quantitative sex differences, 

using five zygosity groups, monozygotic females, monozygotic males, dizygotic females, 

dizygotic males, and opposite sex dizygotic pairs. Full ACE and ADE models allowing for 

qualitative and quantitative sex differences were built and tested against more parsimonious 

sub-models restricting the sex differences and removing parameters. Three different 

multivariate models were compared; the Cholesky decomposition, the common factor 

independent pathway model, and the common factor common pathway model, with one 

latent factor, using two zygosity groups, monozygotic and dizygotic pairs, including opposite 

sex twins and with men and women combined. More parsimonious sub-models were then 

tested against the best fitting model. 

3.5.3 Study II 

In this study logistic regression analyses were used, of the whole sample and co-twin control, 

as well as a bivariate Cholesky twin model. The logistic regression analysis of the whole 

sample (n=23 611) was adjusted for sex and age. The co-twin analysis included complete 

same-sex twin pairs discordant for the outcomes (sick leave due to stress-related mental 

disorders: 141 pairs, other mental disorders: 135 pairs, and somatic conditions: 1071 pairs) 

and was also stratified on zygosity. In the Cholesky models the entire sample was included 

(n=23 611). A two-group model where women and men were combined, including the 

opposite-sex twins, was used. Full ACE and ADE models were built and tested against more 

parsimonious sub-models. The proportion of the phenotypic correlations that were explained 

by genetic effects was calculated from the final model and additional analyses were 

performed with sex as a covariate.  

3.5.3.1 Additional analyses  

Individuals that were on sick leave or disability pension when responding to STAGE were 

identified as such in the MiDAS register and the mean score of Pines Burnout Measure was 

calculated. Moreover, individuals were stratified on sick-leave/disability pension diagnosis: 

sick leave/disability pension due to stress-related mental disorders (ICD-10 code F43), sick 
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leave/disability pension due to mental disorders (whole F chapter including F43) and somatic 

conditions (all others except for the F chapter, including missing diagnoses).  

3.5.4 Study III 

The main analysis in this study was logistic regression to assess ORs. In the analyses of the 

whole sample (n=11 729), we adjusted for the covariates sex, age, education, self-rated heath, 

and previous sick leave in steps. Quadratic terms were tested for the continuous predictors, 

and interaction terms between the work environment and health behaviors were tested in the 

models. Co-twin analyses were also performed for the discordant complete same sex twin 

pairs (n=161 pairs), but not stratified on zygosity due to power constraints.  

3.5.5 Study IV 

In this study we used cox proportional hazards regression models with co-twin control to 

calculate HRs. Only discordant pairs were included hence the analyses of the whole sample 

and the co-twin control models contained the same amount of observations (2202 twin pairs). 

The analyses of the whole sample were adjusted for sex and age separately and the co-twin 

model contained both same and opposite sexed twins, as stratified analyses showed no major 

sex differences or differences between same sex and opposite sex DZ twins. Follow up was 

censored for old age pension, death, emigration, disability pension, the respective outcomes 

and end of the study (December 31, 2012). Time varying covariates (tvc) were used to split 

follow up time in case of non-proportional hazards, assessed with the proportional hazards 

post-estimation test.  

3.5.5.1 Additional analysis 

Inpatient care and long-term unemployment in the two years prior to starting the exposure 

sick-leave spell was identified in the patient and LISA registers for the cases and the co-

twins. Prevalence of inpatient care and unemployment were calculated for each group and 

differences between cases and co-twins were tested with chi-square test.  

3.6 ETHICAL ASPECTS 

Studies included in this thesis has been a part of two larger projects that have been approved 

by the regional ethics committee board in Stockholm (Risk factors for and consequences of 

being sickness absent/disability pensioned Dnr: 2007/524-31, Dnr: 2010/1346-32/5 and Dnr: 

2014/311-32 and a twin study of factors associated with burnout Dnr: 2009/2053-31/5 and 

2014/1043-32). Ethical permissions were obtained for all extractions from the population 

registries and all personal identification numbers or other ways to identify people in these 

extractions have been censored. Thus, data can only be used to draw conclusions on 

population level and information on individuals cannot be disclosed. 
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4 RESULTS 

An overview of the main results can be found in Table 3.  

Table 3: Overview of the aims, methods and main results 

Study I II III IV 

Aim To examine to what 

degree the covariation 

between major 

depressive disorder, 

generalized anxiety 

disorder and burnout 

was explained by 

common genetic and 

environmental factors, 

in women and men. 

 

To assess whether the 

associations between 

burnout and sick 

leave due to stress-

related mental 

disorders, other 

mental disorders, and 

somatic conditions 

were influenced by 

familial factors. 

To investigate 

whether psychosocial 

work factors and 

health behaviors were 

risk factors for sick 

leave due to mental 

disorders and whether 

the associations were 

influenced by familial 

factors. 

To investigate the 

short and long-term 

effect of sick leave 

due to mental 

disorders on the 

outcomes reoccurring 

sick leave, disability 

pension and 

unemployment, while 

taking familial factors 

into account.  

Data 

sources 

STAGE STAGE, MiDAS, 

LISA 

STAGE, MiDAS, 

LISA 

STODS, MiDAS, 

LISA, Cause of death 

register 

Study 

population 

N=25 378  N=23 611 N=11 729 N= 4404 (2202 Pairs) 

Design Cross-sectional Prospective cohort Prospective cohort Prospective cohort 

Exposure Major depressive 

disorder, generalized 

anxiety disorder, 

burnout 

Burnout Psychosocial work 

environment, risk use 

of alcohol, smoking 

and low physical 

activity 

Sick leave due to 

mental disorders 

Outcome  Sick leave due to 

stress-related mental 

disorders, other 

mental disorders and 

somatic conditions 

Sick leave due to 

mental disorders 

Reoccurring sick 

leave, disability 

pension, 

unemployment 

Main 

analysis  

Multivariate biometric 

twin model 

Logistic regression 

with co-twin control 

and multivariate 

biometric twin model 

Logistic regression 

with co-twin control 

Cox regression with 

co-twin control 

Factors 

included in 

analyses 

Sex and zygosity Sex, age and zygosity Sex, age, education, 

self-rated heath and 

previous sick leave 

Sex, age and zygosity 

Main 

Finding 

The covariation 

between Major 

depressive disorder, 

generalized anxiety 

disorder and burnout 

was explained by an 

underlying factor 

influenced by genetics 

(58%) and unique 

environment (42%).                                                                                                     

The covariation 

between burnout and 

sick leave due to 

stress-related and 

other mental 

disorders was 

explained by genetic 

factors. Burnout was 

a risk factor for sick 

leave due to somatic 

conditions 

independent of 

familial factors. 

High job demands, 

job strain and iso-

strain were risk 

factors for sick leave 

due to mental 

disorders independent 

of familial factors. 

The health behaviors 

were not 

independently 

associated with sick 

leave due to mental 

disorders.   

Sick leave due to 

mental disorders 

increased the risk for 

reoccurring sick leave 

for two years, 

disability pension and 

unemployment 

independent of 

familial factors. 
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Overall, the results show that burnout share a predisposition with major depressive disorder 

and generalized anxiety disorder, that is largely genetic. Genetic factors were also of 

importance in the transition from burnout to sick leave due to mental disorders and the 

correlations were similar between burnout and stress-related mental disorders and other 

mental disorders. Job strain was a risk factor for sick leave due to mental disorders 

independent of familial factors and sick leave due to mental disorders increased the risk for 

reoccurring sick leave for two years, disability pension and long-term unemployment 

independent of familial factors. 

4.1 MAIN RESULTS STUDY I 

 

In study I (Figure 5) of 25 378 twins the prevalence was 11% (n=2821) for major depressive 

disorder, 4% (n=935) for generalized anxiety disorder and 17% (n=4306) for burnout. In 

univariate biometric twin models, we found no statistically significant sex differences and AE 

models gave the best fit for major depressive disorder, generalized anxiety disorder, and 

burnout. The heritability was 45% for major depressive disorder, 49% for generalized anxiety 

disorder, and 38% for burnout.  

Phenotypic correlations were 0.71 between major depressive disorder and generalized anxiety 

disorder, 0.58 between major depressive disorder and burnout, and 0.53 between generalized 

anxiety disorder and burnout. In the multivariate analysis a common pathway AE model 

without a phenotypic specific a path to major depressive disorder was found to be the best fit. 

Figure 6 contains the path estimates for the best fitting model, the covariance components can 

be obtained by squaring the estimates. Results indicate that there was a latent common factor 

that explains the covariation and that this common factor is influenced to 58% by genetics 

and to 42% by unique environment. This common factor explained the majority of the 

variation of major depressive disorder (77%) and generalized anxiety disorder (69%), but less 

of the variation in burnout (44%). Phenotype specific genetic factors explained 11% of the 

variation in both generalized anxiety disorder and burnout and the remainder of the variation 

(45% for burnout, 23% for major depressive disorder and 20% for generalized anxiety 

disorder) was explained by phenotypic specific unique environment. 



 

 31 

 

  



 

32 

4.2 MAIN RESULTS STUDY II 

 

In study II (Figure 7), among the 23 611 twins, we found that 26% of the sample (n=6158) 

had sick leave during follow up, 3.1% (n=736) due to a stress-related mental disorder and 

3.1% (n=743) due to another mental disorder.    

In the logistic regression analyses, burnout was a strong risk factor for sick leave due to 

stress-related (OR: 1.47, CI: 1.39–1.56) and other mental disorders (OR: 1.63, CI: 1.54–1.73) 

and a significant but less strong risk factor for sick leave due to somatic conditions (OR: 1.10, 

CI:1.07–1.13). The associations were not largely influenced by adjusting for sex and age. 

However, the co-twin analyses showed that the associations between burnout and sick leave 

due to stress-related (OR: 1.02, CI: 0.83–1.25) as well as other mental disorders (OR: 1.19, 

CI: 0.99–1.43) seems to be explained by familial factors, while the association between 

burnout and sick leave due to somatic conditions did not seem influenced by these factors 

(OR: 1.10, CI: 1.02–1.19).   

In the biometric twin model an AE model without a unique environmental correlation 

between the phenotypes was the best fit for both the models (Figure 8). The heritability was 

37% for burnout, 58% for sick leave due to stress-related mental disorders and 54% for sick 

leave due to other mental disorders. The phenotypic correlation between burnout and sick 

leave due to stress-related mental disorders was 0.26 and the phenotypic correlation between 

burnout and sick leave due to other mental disorders was 0.30. Both phenotypic correlations 

were explained by genetic factors. 
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4.2.1 Additional analyses: Burnout among those on sick 
leave/disability pension  

The burnout scores of those individuals on sick leave or disability pension at the time of 

responding to STAGE stratified on diagnoses can be seen in Table 4. The mean burnout score 

was above four for those on sick leave due to mental disorders and above three for those on 

sick leave due to somatic conditions. 

Table 4: Burnout among those on sick leave or disability pension at the time of 

answering STAGE 

Pines Burnout 

Measure 

All n=1649 Sick 

leave/Disability 

pension due to 

somatic 

conditions 

n=1024 

Sick 

leave/Disability 

pension due to 

mental 

disorders  

n=625 

Sick 

leave/Disability 

pension due to 

stress-related 

mental 

disorders  

n=130 

Mean score (1-7) 3.6 (SD 1.7) 3.1(SD 1.6) 4.4 (SD 1.5) 4.8 (SD 1.1) 

     

No burnout 505 (30.6%) 414 (40.4%) 91 (14.6%) 8 (6.2%) 

Risk for burnout 208 (12.6%) 151 (14.7%) 57 (9.1%) 9 (6.9%) 

Burnout 299 (18.1%) 170 (16.6%) 129 (20.6%) 32 (24.6%) 

Severe burnout 426 (25.8%) 152 (14.8%) 274 (43.8%) 66 (50.8%) 

Missing 211 (12.8%) 137 (13.4%) 74 (11.8%) 15 (11.5%) 

Note: Stress-related mental disorders (ICD 10 code F43) are a sub group of mental 

disorders (whole F chapter). 
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4.3 MAIN RESULTS STUDY III 

 

In study III (Figure 9) we found that eight percent (n=972) of the sample of 11 729 twins, had 

sick leave due to a mental disorder during the approximately five-year follow up and almost 

three quarters (n=717) were women.  

Job strain and iso-strain were risk factors for sick leave due to mental disorders, after 

controlling for included confounders (job strain OR: 1.38, CI: 1.06–1.79, iso-strain OR: 1.37, 

CI: 1.03–1.82) and familial factors (job strain OR: 4.42, CI: 1.98–9.86, iso-strain OR: 5.03, 

CI: 2.04–12.44) . When analyzing job demands, control and support separately, job demands 

was a significant risk factor, even after controlling for confounders (OR: 1.47, CI: 1.26–1.71) 

and familial factors (OR: 1.91,CI: 1.18–3.11), while the association between control and 

support and sick leave due to mental disorders, was present in the crude analyses (control 

OR: 1.25, CI: 1.12–1.40, support OR: 1.26, CI: 1.08–1.47), but disappeared in adjusted 

analyses (control OR: 0.98, CI: 0.84–1.15, support OR: 1.05, CI: 0.86–1.28).  

None of the health behaviors showed independent associations with the outcome. Alcohol use 

was not associated with the outcome even in crude analysis (OR: 1.15, CI: 0.93–1.41). 

Smoking was associated in adjusted analysis of the whole sample (OR: 1.29, CI: 1.09–1.54), 

however, this seems to be explained by familial factors as the association was not present in 

the co-twin analysis (OR: 0.50, CI: 0.23–1.07). Physical activity showed an association in the 

crude (none/low OR: 1.42, CI: 1.13–1.77, moderate OR: 1.26, CI: 1.02–1.56), but not 

adjusted analysis (none low OR: 0.91, CI: 0.71–1.17, moderate OR: 0.81, CI: 0.64–1.02). 

Moreover, in the adjusted analysis high physical activity was found to be protective 

compared to vigorous (OR: 0.75, CI: 0.60–0.94). 

Adjusting for the health behaviors did not impact on the associations between the work 

environment variables and sick leave due to mental disorders. No interactions between work 

environment and health behaviors were found.  
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4.4 MAIN RESULTS STUDY IV  

 

In study IV (Figure 10), out of the 4404 twins, we found 50% (n=2221) had sick leave, 11% 

(n=464) disability pension, and 11 % (N=498) long term unemployment during the follow up.  

The risk of reoccurring sick leave was more than three times higher for those with sick leave 

due to mental disorders compared with their co-twin for two years after the end of the initial 

sick-leave spell (HR: 3.64, CI: 3.24-4.08). After two years however, the risk was attenuated 

(HR: 1.42, CI: 1.24-1.62) and seems to be influences by genetic factors as no association was 

found in the analysis of monozygotic twins (HR: 0.83, CI: 0.65-1.06). There were no major 

differences for different durations or diagnoses of sick leave.  

The risk of disability pension was more than 12 times higher for those with sick leave due to 

mental disorders, compared with their co-twin for a year after the end of the initial sick-leave 

spell (HR: 12.24, CI: 8.11-18.46). Subsequently those with sick leave due to mental disorders 

still had more than double the risk and this remained throughout the rest of the follow-up time 

(HR: 2.75, CI: 2.07-3.65). The risk of disability pension increased with longer duration of the 

sick-leave spells. Those with stress-related disorders had lower risk than those with other 

mental disorders in the unconditional analyses; however, this pattern was less clear in the 

conditional analyses.   

Co-twin analysis showed that sick leave due to mental disorders doubled the risk for long-

term unemployment consistently over the follow up time (HR: 1.99, CI: 1.72-2.31). The 

increased risk was seen in all durations of sick leave but was higher in those that had a sick-

leave spell longer than 365 net days. The risk was higher for those with a diagnosis of 

depression, anxiety, or other mental disorders than for those with stress-related mental 

diagnosis. 
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4.4.1 Additional analyses: inpatient care and unemployment before the 
sick-leave spell  

Seven percent (n=152) of those that had sick leave due to a mental disorder had inpatient care 

within two years of starting the exposure sick-leave spell, the corresponding number among 

their twin siblings without such sick leave was 5% (n=109). The difference was statistically 

significant (p<0.01). The number of inpatient care visits within two years of the exposure 

spell among the cases and co-twins can be found in Table 5. Among those with sick leave due 

to a mental disorder, 7% (n=148) had been unemployed for 180 days/year or more within two 

years before starting the exposure sick-leave spell, the corresponding number among their 

twin siblings without such sick leave was 6% (n=136). The difference was not statistically 

significant (p= 0.46). 

Table 5: Number of inpatient care visits within 2 

years before the exposure spell 

Number of 

inpatient care visits 

Cases Co-Twins 

0 2050 (93%) 2093 (95%) 

1 121 (6%) 87 (4%) 

2 22 (1%) 15 (1%) 

3 < 8 (0%) < 8 (0%) 

4 < 8 (0%) < 8 (0%) 

7 < 8 (0%) < 8 (0%) 
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5 DISCUSSION 

5.1 MAIN FINDINGS 

Burnout, major depressive disorder, and generalized anxiety disorder were highly correlated 

and the best fitting model indicated this was due to an underlying latent common factor 

mainly influenced by genetic factors, but also by unique environment. Burnout was to a large 

degree influenced by unique environmental factors not shared with major depressive disorder 

and generalized anxiety disorder. Burnout predicted sick leave due to mental disorders, and 

this association was explained by a shared genetic liability. However, burnout increased the 

risk of sick leave due to somatic conditions, independent of familial factors. High job 

demands, job strain and iso-strain were risk factors for sick leave due to mental disorders, 

independent of familial factors. Sick leave due to mental disorders increased the risk of 

reoccurring sick leave within two years, disability pension, and long-term unemployment 

independent of familial factors.  

5.2 IMPLICATIONS 

We found symptoms of burnout were very common, with 17% of the respondents to STAGE 

scoring above 4.0 on the Pines Burnout Measure, and that burnout was closely related to 

depression and anxiety. At the time of answering STAGE, 625 (2.4%) individuals were on 

sick leave or disability pension due to a mental disorder, and they had an average score of 4.4 

on the Pines Burnout Measure. This high prevalence of burnout in this relatively young 

sample in 2005, is a cause for concern, since 35% of those with burnout went on to have sick 

leave in the 5 year follow up, 13% in a mental diagnosis and 22% in another diagnosis. And 

indeed, the levels of sick leave due to mental disorders, especially stress-related mental 

disorders, have increased in Sweden (2).  

Our findings indicate that genetic predisposition was of importance in the transition from 

burnout to sick leave due to mental disorders, hence, genetic predisposition may help explain 

why some with burnout require sick leave and some do not. However, heritability is a 

measure of how much of the variation in a population is explained by genetics, and that 

depends on the amount of environmental variation in that population. Therefore, the fact that 

burnout and sick leave due to mental disorders are heritable does not mean societal changes 

cannot affect the prevalence. We found that poor psychosocial work environment on the other 

hand, seems to increase the risk of sick leave due to mental disorders regardless of familial 

predisposition. Those that had sick leave due to mental disorders had an increased risk of 

subsequent sick leave for two years, disability pension and long-term unemployment 

regardless of familial predisposition. Taken together these results confirm that burnout and 

sick leave due to mental disorders are issues of major public health concern that may have 

serious consequences, both for individuals and to society as a whole.  
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5.3 HERITABILITY OF BURNOUT, MENTAL DISORDERS, AND SICK LEAVE 

The results indicate that there are genetic risk factors for burnout, depression, and anxiety as 

well as sick leave due to mental disorders, and that they are shared to a large extent. Twin 

studies on burnout are scarce and two twin studies from the Netherlands on the heritability of 

burnout had somewhat conflicting results. The previous results of the univariate analyses 

found burnout clustered in families due to shared environment (147), while the multivariate 

analyses of burnout and anxious depression found that the phenotypic correlation was 0.40 

and genetic factors explained 66% of this correlation (107). This was lower than the 

phenotypic correlations we found in study I, perhaps due to that the Maslach Burnout 

Inventory was used in those previous studies that may be less correlated with depression than 

the Pines Burnout Measure used in this thesis.  

The fact that depression and anxiety share genetic risk factors  is in line with findings from 

several twin studies that found genetic correlations between 0.74–1.00 (148, 149). Moreover, 

sick leave (all diagnoses) (7, 110) and disability pension due to mental disorders (108, 109) 

have been found to be heritable in previous twin studies. However, a Norwegian twin study 

found that the association between depression and anxiety and sick leave due to mental 

disorders was influenced by both genetic and unique environmental factors (112). This differs 

from our finding on burnout and sick leave due to mental disorders, which we found to have 

completely separate unique environmental factors.  

Our results of a shared genetic liability to burnout, depression, anxiety and sick leave due to 

mental disorders are also in line with results from non-twin studies. A longitudinal study from 

Finland found that burnout and depression have a reciprocal relationship i.e., burnout predicts 

depression and depression predicts burnout, in line with a shared genetic vulnerability (150). 

A shared genetic vulnerability for burnout and depression was also indicated in a previous 

study that found an increased risk for burnout, if a close family member had previously had 

depression (151). Molecular studies have also found that depression and anxiety share genetic 

risk factors (152). Moreover, a Finnish genome wide association study found no individual 

common genetic variants with a strong effect on job-related exhaustion, but did find an allelic 

variant that might be a weak risk factor for job-related exhaustion, and mark a candidate 

region for further studies of job-related and general exhaustion (153). 

5.4 COMORBIDITY  

We also found that burnout was a risk factor for sick leave in somatic conditions, independent 

of familial factors, even though the estimates were somewhat low. Somatic symptoms in 

those with exhaustion disorder is common (51), and are also included in the diagnostic 

criteria (Table 1). Burnout has been found to affect physical health (27-29), however, there 

are only a few studies (47). Prolonged psychosocial stress has a degenerative effect on the 

body in terms of sleep, muscle pain and fatigue (9). A poor psychosocial work environment 

has been found to be a risk factor for back pain (154). Burnout having an effect on pain may 

be the explanation for its association with sick leave due to somatic conditions since 
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musculoskeletal diagnoses including back pain, are very common as reasons for sick leave in 

Sweden (155). Burnout has also been studied in relation to immune function and 

inflammation with somewhat conflicting results (47). In a previous study of this sample, we 

found that physical illness as reported in STAGE was associated with burnout (156), so it is 

also possible that the exhaustion is caused by physical illness and is therefore associated with 

sick leave.  

Alcohol risk use, smoking, and lack of physical activity did not predict sick leave due to 

mental disorders in this sample, and did not influence the association between psychosocial 

work environment and sick leave due to mental disorders. Consequently, even though there is 

an association between mental ill health and adverse health behaviors, there does not seem to 

be a direct effect of alcohol risk use, smoking and low physical activity on sick leave due to 

mental disorders in a population healthy enough to work. An excess mortality has been found 

among psychiatric patients (98, 99), however, a study found that alcohol use and smoking did 

not affect the association between sick leave due to psychiatric diagnoses and mortality (157). 

There are indications that those with a mental condition get lower quality of health care for 

their somatic conditions (158) and are less likely to comply with treatment for somatic 

disorders (159) and this may be a contributing factor to the excess mortality.  

5.5 WORK ENVIRONMENT  

We found that high job demands, job strain and iso-strain were independent risk factors for 

sick leave due to mental disorders. This finding is in line with other studies (84, 88, 113, 160) 

and our results add to the current literature by also controlling for familial factors. Our 

finding that this association was not explained by familial factors is in line with a causal 

hypothesis, rather than that those with a familial vulnerability for sick leave due to mental 

disorders report their work environment as having high demands and low control. Sick leave 

due to work related stress is a well-known public health problem in Sweden. The Social 

Insurance Agency has found that sick leave is most common in those working in the health 

care sector and education, and that in these sectors a poor psychosocial work environment is 

often reported (67). The Swedish Work Environment Authority also reports that health care, 

social care, public administration, defense, and education has the most reports of social and 

organizational factors as a cause of reported occupational illnesses (161). The authority has 

launched new rules on organizational and social work environment, that came into effect on 

31 March 2016, in response to the high rates of sick leave and occupational injuries due to 

work related stress (161). A fair, including, supportive, and empowering leadership has been 

found to improve mental health and well-being (64). Moreover, flexible time schedules, 

balance between efforts and rewards, clear goals, the opportunity for influence and education, 

a permanent contract, a good physical work environment, and control over ones work, also 

are positive for mental health and well-being (64). However it should be noted that control 

can be a complex measure as it can be assessed by some as additional demands (87, 162). 
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5.6 OUTCOMES OF SICK LEAVE DUE TO MENTAL DISORDERS 

Familial factors did not significantly influence the association between sick leave due to 

mental disorders and reoccurring sick leave for the first two years, disability pension, and 

long-term unemployment. In other words, even though there seems to be a selection into sick 

leave due to mental disorders depending on genetic vulnerability, familial factors do not seem 

to significantly influence the effects of such sick leave. There are few previous studies of 

possible consequences of sick leave taking familial factor into account, but these results are in 

line with another co-twin study on sick leave, disability pension and mortality (163). A 

Norwegian heritability study of young adults however, found that both genetic and unique 

environmental factors, seem to be of importance in the transmission from long term sick 

leave to disability pension (110).  

The reason familial factors would not play a major role in what happens after the sick leave 

due to mental disorders may be due to external factors such as societal expectations, being of 

more importance than personal characteristics. This is also supported by the fact that we did 

not find any large differences in prior unemployment or inpatient care. Stigmatization of 

persons with mental disorders still exist, even though perhaps more subtle than before, and 

misconceptions about mental illness may lead to difficulties in finding or maintaining 

employment after sick leave due to a mental disorder (77). A previous study found that young 

people with mental disorders had a higher risk of labor market marginalization in terms of not 

only long-term sick leave and disability pension but also unemployment (164). The concept 

of a “sick role” has also been described in relation to sick leave and disability pension that 

describes the social role given to someone sickness absent, that includes the right to be absent 

from work, that may become permanent (6). It should be noted that in study IV we do not 

know if the participants “surviving” are in fact employed, only that they are not receiving 

benefits for disability or sick leave, or are registered as unemployed. Since being registered as 

unemployed requires actively looking for work and reporting to the Swedish National 

Employment Office, persons not eligible for unemployment benefits, or with other sources of 

financial support, may chose not to register.   

5.7 SEX DIFFERENCES 

The results seem to indicate that likely societal factors are responsible for the sex differences 

in burnout, mental disorders and sick leave. We did not find any statistically significant sex 

differences in the heritability of burnout, major depressive disorder or generalized anxiety 

disorder. However, burnout, major depressive disorder and generalized anxiety disorder were 

more common among women in line with previous findings (38, 52). Previous meta-analyses 

found no sex differences in the heritability of  major depressive disorder (105) or generalized 

anxiety disorder (104). However, more recent studies have found that heritability for major 

depression is somewhat higher in women than men (165, 166) and that the genetic correlation 

between depression and anxiety was higher for women than men (149). Adjusting for sex did 

not significantly influence the association between burnout and sick leave. We did find, 

however, that sick leave due to mental disorders was much more common in women than 
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men, in line with national statistics (62). Previous research suggests that women and men 

respond in the same way to work stress (167, 168), and our findings are in line with this, as 

the association between psychosocial work environment and sick leave due to mental 

disorders were not significantly affected by adjusting for sex. Women, however, have been 

found to have higher levels of work strain (168) as well as a greater workload, due to 

performing the majority of household work and childcare, and women's stress levels has been 

found to remain elevated also after work, while men's did not (167). Work family conflict, 

which is more common among women has been found to increase the risk for sick leave 

(169), though this association may not be independent of familial factors (170).   

5.8 METHODOLOGICAL CONSIDERATIONS 

5.8.1 The Pines Burnout Measure  

The Pines Burnout Measure have been found to equally well distinguish those with and 

without burnout as the Maslach Burnout Inventory (171). However, The Pines Burnout 

Measure has been criticized for being unidimensional, and it is indeed mostly correlated with 

the exhaustion dimension of the Maslash Burnout Inventory (26). Hence, the Pines Burnout 

Measure could be seen as mainly a measure of exhaustion, rather than that of the original 

description of burnout (40, 172). However, emotional exhaustion is the central component of 

burnout (23) and the dimension most related to the diagnostic criteria for exhaustion disorder 

(Table 1), hence, this measure was appropriate for answering the aims of this thesis. The 

questions assessing burnout overlap somewhat with diagnostic criteria for depression, such as 

“fatigue or loss of energy nearly every day” and “depressed mood most of the day, nearly 

every day” (57) and consequently the measure was highly correlated with major depressive 

disorder. There is also an overlap with the criteria for anxiety, such as “being easily fatigued” 

and “difficulty concentrating or mind going blank” and we also found a high correlation 

between burnout and anxiety. In the additional analysis, I found that those that were on sick 

leave or disability pension at the time of responding to STAGE, were on average classified as 

at “risk for burnout” and both those on sick leave or disability pension due to stress-related 

and other mental disorders, were on average classified as “burned out”. Cutoff points have 

not been validated, but based on this finding the statement that 4.0 is critical to burnout by 

Pines, seems reasonable (25). It should be noted that the Pines Burnout Measure also 

enquired about the past year, while the questions regarding depression and anxiety enquired 

about a two week and a month period over the lifespan respectively. Those with burnout 

earlier than the past year could not be identified with the available data, even though they 

may have the genetic predisposition for burnout. This may be why depression and anxiety 

were correlated to a greater extent with each other, than with burnout in study I, and it may 

have somewhat overestimated the unique environmental influence on burnout.  

5.8.2 Missing data and non-response  

STAGE had a response rate of approximately 60%. Sex distribution was approximately equal 

in the base population (117), however, women are somewhat overrepresented in the STAGE 
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sample. Moreover, a high proportion of the sample had higher education (44.6 % in study 

two) compared to the general population 25-64 years old in Sweden (33%) (173). There was 

also many internal missing data in STAGE, perhaps due to the fact that the questionnaire was 

so extensive and this was evident in the measures in Study 1. As a consequence, there is a 

risk of non-response bias that may have affected generalizability of the studies. 

5.8.3 Sick-leave register data 

Using register data has the benefits of eliminating recall bias and having no loss to follow up. 

Moreover, a medical certificate with diagnosis and description of work limitations from a 

physician is required to qualify for sick leave after 7 days. Diagnoses in the MiDAS registry 

have not been validated, however, a previous study found acceptable validity of the sick-

leave diagnoses in an early version of the MiDAS register compared with diagnoses from the 

medical records in 1991 (174). The diagnostic groups are often very broad and contain many 

different diagnoses, and since we only had access to three digit ICD-10 codes, we were 

unable to distinguish among these (50). Moreover, comorbidity is common, we only had 

access to the primary diagnosis, and differential diagnostics between mental disorders can be 

difficult at early stages (175). Hence, it should be noted that the diagnostic categories used in 

this thesis are very broad. In study II, the group somatic conditions contain all diagnoses 

except for the F-chapter of the ICD-10, and also spells with missing diagnoses. Hence, the 

category may have some mental diagnoses in it, from the Z-chapter in ICD-10 and due to 

missing diagnoses. Moreover, we included all spells reimbursed by the Social Insurance 

Agency, which is normally spells over 14 days. However, shorter spells are present in some 

circumstances i.e., when a person has a chronic illness and have been approved to get 

sickness benefit from the Social Insurance Agency from day one, or is unemployed, or on 

parental leave. There is a risk this may have introduced bias as these groups may be 

overrepresented.  

5.8.4 Assumptions of the biometric twin model 

The biometric twin models used in study I and II have some underlying assumptions that 

need to be further discussed, including random mating, that dizygotic and monozygotic twin 

pairs share environment to the same extent, that twins are generalizable to the general 

population for the traits studied and that no epistasis, no gene-environment interactions or 

correlations are present (140). Moreover, the model only allows inclusion of ether C or D in a 

sample with twins raised together, an assumption that may lead to an inflated A parameter 

(140).  

Random mating is based on the assumed fact that in the models dizygotic twins share 50% of 

their segregating genetic material. If people tend to have children with partners that are 

genetically similar to themselves, siblings and dizygotic twins will share a larger proportion 

of their genes, which could lead to overestimation of additive genetic effects and an 

underestimation of dominant genetic effects (103). A study using genome wide data has 

looked at the actual identity by decent, and found that sibling actually shared 0.498 of their 
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additive genetic variance (ranging from 0.374-0.617). The non-additive shared genetic 

variance was 0.248 (ranging from 0.116-0.401). These estimates are very close to the 

expected 0.5 and 0.25 (176).  

The assumption that monozygotic and dizygotic twin pairs share environment to the same 

extent, has been questioned. It would be possible that monozygotic twins get treated more 

equally by their families and society compared to dizygotic twins, and also influence each 

other more. This would lead to an inflated heritability estimate, as shared environment would 

be interpreted as genetics. However, studies of misclassified twins have found evidence in 

favor of the equal environment assumption and found that heritability estimates were higher 

when using genetically confirmed zygosity, compared with self-reported zygosity for 

behavioral traits including depression. This is the opposite of what would be expected if 

monozygotic twins were in fact treated more equally (177).   

Whether results from twin studies are generalizable to the general population for the traits 

studied has been debated. The growth of twins in utero is different from singleton 

pregnancies with compromised growth in the last trimester and the twins often differ in size 

(101). Moreover, the fact that using reproductive technology more often results in twins may 

make them differ from singletons. An increased risk of autism, breast and testicular cancer 

has been seen in twins (101). However, results from twin studies have been found to be 

generalizable for disability pension due to mental disorders in Sweden (178). 

Another assumption is that there is minimal epistasis, gene-environment correlation and 

interactions for the traits studied (140). Epistasis is the interaction between genes and gene 

environment correlation reflects that a person to a large degree produces his/her own 

environment i.e., environments can be found to be heritable because genetic factors influence 

an individual’s exposure to that environment (179). Gene environment interaction means that 

environment can have different effects on different persons depending on their genetics i.e., 

genetic factors can make us more or less susceptible to certain environmental factors (179). 

To give an example, the heritable personality trait performance based self-esteem (PBSE), a 

self-esteem that is dependent on accomplishments that has been described as the driving force 

in burnout can be used (41, 180). PBSE may have influenced an individual to choose a 

workplace with high demands (gene environment correlation) and also made that individual 

more likely to develop burnout as a result of the high demands, compared to a colleague 

without PBSE (gene environment interaction). Since this would make monozygotic twins 

more similar than dizygotic twins this would manifest as genetics in the models, even though 

the environment would in reality play a large role. This could lead to inflated heritability 

estimates. Gene-environment correlation and/or interaction, may partly explain why genetic 

factors were found to completely explain the covariance between burnout and sick leave due 

to mental disorders in study II. Genetically influenced personality traits, may explain why 

individuals experiencing burnout remains in a stressful environment and hence later needs 

sick leave due to a mental disorder, while others change their situation. This relationship 

between genes and environment can mean that even phenotypes and covariation between 
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phenotypes that are highly heritable, can be prevented by environmental interventions, which 

is likely the case for burnout and sick leave due to stress-related mental disorders (179).   

5.8.5 Co-twin model  

The co-twin method can be seen as the ultimate case control design and has the benefit of 

adjusting for many unmeasured potential confounders (144). However, there are some 

potential weaknesses to this design. Statistical power can be reduced in the matched analysis, 

compared to that of the whole cohort, and this leads to imprecise measurements that leave 

room for interpretation (181). This problem was encountered in Study III where the co-twin 

analysis only included less than 3% of the whole sample. Furthermore, using only the 

discordant pairs may increase confounding by non-shared confounders and increasing 

measurement error compared with the analysis of the whole sample (182) i.e., selecting out 

the discordant pairs when the majority of the pairs are concordant for a trait, may lead to 

missing information and bias. While results should be interpreted with some caution, results 

from these types of analyses are still a useful tool, especially when used in combination with 

other study designs (182). A strength in study II is that we performed a biometric twin model 

to confirm and expand on the results of the co-twin model. In the co-twin model of sick leave 

due to stress-related mental disorders, estimates are similar for monozygotic twins and 

dizygotic twins in the regression analysis and not lower for monozygotic, that would be 

expected based on the results from the Cholesky model. This may be due to gene 

environment correlation/interaction in the Cholesky model or one of the above mentioned 

problems with the co-twin model. In Study III an interesting finding was that the ORs were 

higher in the co-twin analysis, then in that of the whole sample. If familial confounding was 

present in the form that those with a predisposition for a mental disorder rated their 

psychosocial work environment as worse than those without such a predisposition we would 

have expected the ORs to be reduced in the co-twin analyses. Therefore, a possible 

explanation would be that those with a predisposition for mental disorders actually rated their 

work environment as better than those without such a predisposition. However, as the sample 

was greatly reduced in the co-twin model it may also be due to that. In Study IV biases due to 

selecting out the discordant pairs were unlikely, as the majority of the sample was discordant 

and having a large sample of discordant pairs was a strength. As the purpose of study four 

was to follow up what had happened after a spell of sick leave due to a mental disorder, we 

also chose to only include the complete discordant pairs rather that the whole sample, as in 

this case it would not have added any information in answering the aim. 
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5.9 CONCLUSIONS 

• Moderate heritability were found for all phenotypes investigated: 

• 37-38% for burnout  

• 45% for major depressive disorder  

• 49% for generalized anxiety disorder  

• 58% for sick leave due to stress-related mental disorders  

• 54% for sick leave due to other mental disorders  

• Phenotypic correlations indicate that burnout is strongly correlated with lifetime 

history of major depressive disorder and generalized anxiety disorder (0.58 and 0.53), 

and to a lesser extent correlated with future sick leave due to stress-related and other 

mental disorders (0.26 and 0.30).  

• A latent common factor  explained the covariation between major depressive disorder, 

generalized anxiety disorder and burnout. The common facor was influenced to 58% 

by genetics and to 42% by unique environment.  

• Genetic factors was found to be underpinning the association between burnout and 

future sick leave due to stress-related and other mental disorders. 

• Burnout was a significant risk factor for sick leave due to somatic conditions and this 

modest association did not seem to be influenced by familial factors. 

• A poor psychosocial work environment in terms of high job demands, job strain and 

iso-strain was a risk factor for sick leave due to mental disorders, independent of 

familial factors and other confounders.  

• No independent associations were found between alcohol use, smoking, low physical 

activity and sick leave due to mental disorders and these health behaviors did not 

influence the association between a poor psychosocial work environment and sick 

leave.  

• Sick leave due to mental disorders doubled the risk for long term unemployment, 

independent of familial factors over an up to 8 year follow-up.  

• The risk of subsequent sick leave was more than three times higher for those with sick 

leave due to mental disorders compared with their co-twin for two years after the end 

of the initial sick leave spell. However, after two years the risk was attenuated and 

seems to be explained by genetic factors.  

• The risk of disability pension was more than 12 times higher for those with sick leave 

due to mental disorders, compared with their co-twin for a year after the end of the 

initial sick leave spell, after which they still had more than double the risk.   
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5.10 FUTURE RESEARCH 

Since all phenotypes in this thesis were found to be heritable, twin studies definitely have a 

place in future studies in the area of burnout and sick leave. However, in future research 

based on twin data, gene-environment correlation and interaction should be considered. Since 

we found that burnout was equally associated with sick leave in stress-related as other mental 

disorders, studies of sick leave due to stress and burnout may benefit from including not only 

the stress-related, but also other mental diagnoses, including depression and anxiety. Future 

studies would also benefit from a focus on how depression and anxiety correlates with sick 

leave and how familial factors impact on this. Moreover, since burnout increased the risk of 

sick leave due to somatic conditions, and musculoskeletal disorders is the most common 

somatic sick leave diagnosis, more detailed studies on how burnout affect sick leave due to 

musculoskeletal disorders would be desirable. Studies on sick leave due to mental disorders 

and its consequences are still limited even though it is a growing public health problem. The 

finding that sick leave due to mental disorders was a risk factor for further sick leave, 

unemployment and disability pension independent of familial factors, warrants attention. 

Follow up studies on what happens after sick leave due to mental disorders are needed, 

expanding on different outcomes, return to work and different occupational groups.  

 

  



 

 47 

6 ACKNOWLEDGEMENTS 

These past five years have been quite the journey, and would not have been possible without 

the help and support from many people and organizations. I would like to start by thanking all 

the twins that took the time respond to STAGE, and made these studies possible.  

I would also like to extend a big thank you to the following people: 

My main supervisor Pia Svedberg for taking me on as a PhD student, for sharing your 

knowledge with me, and always having an open door to help me solve both big and small 

problems along the way. I feel that I have received so much more than the basic doctoral 

education and I very much appreciate the opportunities to attend the best courses on twin 

methodology around the world, as well as the freedom and support in trying out new ideas. 

 

My co-supervisor Victoria Blom for your support and encouragement, sharing your 

knowledge and expertise in burnout and twin studies, and for all great discussions over the 

years.  

 

My co-supervisor Gunnar Bergström for your thought provoking questions that always 

made me think more closely on the underlying mechanisms and the bigger picture, and 

teaching me the importance of Table 1. 

 

All my colleagues at the Division of Insurance Medicine, it has been a pleasure to work here. 

Thank you for interesting conversations about research and life in general, and for always 

being kind, supportive and available to answer questions. Thank you Kristina 

Alexanderson, for providing a great work- and learning environment, and sharing your 

expertise in social insurance. I have very much appreciated the input that I got at the 

manuscript seminars, thank you for being opponents: Richard Bränström, Mo Wang, 

Jurgita Narusyte, Pia Kvillemo, Mikael Wiberg, Ellenor Mittendorfer-Rutz, Syed 

Rahman and especially to Staffan Marklund for being the opponent at my kappa seminar. I 

would also like to thank my roommates over the years Katharina Zetterström, Rasmus 

Elrud and Domitilla Di Thiene for good company. Thank you Katarina Lönnqvist and 

Annika Evolahti for much needed administrative support. I would also like to thank the 

statisticians that have done great work with the register data I used, Kerstin Nilsson, Linnea 

Kjeldgård and Elin Hinas. 

 

My mentor Jette Möller for opening my eyes to the possibility of becoming a PhD student 

during my master’s programme and for support along the way.  

 

My friends and fellow PhD students Björg Helgadottir, Kathleen Bokenberger, Charisse 

Johnson and Bojing Liu for all the good times, good food, travels and discussions. It has 

been great going through this journey together! 

 

My parents Gun and Jan-Olov for all of your support, especially after we moved back to 

Sweden, and helping us out so I could follow my heart and go back to university. My sisters 

Åsa and Karin with families for reminding me there is a life outside university, thank you for 



 

48 

your companionship and all the laughter over the years and for being the best sisters one 

could wish for.  

 

My husband Hilton, for leaving everything you knew behind to come live with me in this 

cold and dark country when I was homesick, and for always believing in me. During this 

process I also became a mother, and I was so very lucky to get the best children in the world! 

Thank you to Matilda and Saga for giving my life purpose and filling it with love. I would 

also like to thank my little dachshund/oldest child Lexi, for dragging me away from the 

computer out for a walk, where I do some of my best thinking.  

 

I would like to thank the following for financial support: the Swedish Research Council for 

Health, Working Life and Welfare, Karolinska Institutet Doctoral student Funding (KID), the 

Strategic Research Program in Epidemiology, the Swedish Society of Medicine, AFA 

Insurance, and Magnus Bergvall Foundation.  

The Swedish Twin Registry is supported by Sweden’s Department of Higher Education, 

AstraZeneca, and the Swedish Research Council. The Study of Twin Adults: Genes and 

Environment (STAGE) was supported by the National Institute of Health, USA, grants [DK 

066134] and [CA 085739]. 

  



 

 49 

7 REFERENCES 

1. Backhans M, Stjernschantz Forsberg J, Lager A, editors. Folkhälsorapport 2015 

[Public health report 2015]. Stockholm: Center of Epidemiology and Community Medicine: 

Stockholm County Council; 2015. 

2. Social Insurance Agency. Sjukskrivning för reaktioner på svår stress ökar mest 

[Sick leave for reactions to severe stress is increasing the most]. Social Insurance Agency; 

2016 [cited 29 October 2017] Available from: 

https://www.forsakringskassan.se/wps/wcm/connect/41903408-e87d-4e5e-8f7f-

90275dafe6ad/korta_analyser_2016_2.pdf?MOD=AJPERES. 

3. Global Burden of Disease Study 2013 Collaborators. Global, regional, and 

national incidence, prevalence, and years lived with disability for 301 acute and chronic 

diseases and injuries in 188 countries, 1990-2013: a systematic analysis for the Global 

Burden of Disease Study 2013. Lancet. 2015;386:743-800. 

4. OECD. Sick on the Job? Myths and Realities about Mental Health and Work. 

OECD Publishing; 2012 [cited 29 October 2017] Available from: 

http://dx.doi.org/10.1787/9789264124523-en. 

5. Plomin R, De Fries JC, Knopik VS, Neiderhiser JM. Behavioral genetics. 6th 

ed. New York: Worth Publishers; 2013. 

6. Alexanderson K, Norlund A. Swedish Council on Technology Assessment in 

Health Care (SBU). Chapter 1. Aim, background, key concepts, regulations, and current 

statistics. Scand J Public Health Suppl. 2004;63:12-30. 

7. Svedberg P, Ropponen A, Alexanderson K, Lichtenstein P, Narusyte J. Genetic 

susceptibility to sickness absence is similar among women and men: findings from a Swedish 

twin cohort. Twin Res Hum Genet. 2012;15(5):642-8. 

8. Statens beredning för medicinsk utvärdering. Arbetsmiljöns betydelse för 

symtom på depression och utmattningssyndrom. En systematisk litteraturöversikt [The 

importance of the working environment for symptoms of depression and fatigue syndrome. A 

systematic literature review]. Stockholm: Statens beredning för medicinsk utvärdering; 2014. 

9. Danielsson M, Heimerson I, Lundberg U, Perski A, Stefansson CG, Åkerstedt 

T. Psychosocial stress and health problems: Health in Sweden: The National Public Health 

Report 2012. Chapter 6. Scand J Public Health Suppl. 2012;9:121-34. 

10. Floderus B, Göransson S, Alexanderson K, Aronsson G. Self-estimated life 

situation in patients on long-term sick leave. J Rehabil Med. 2005;37(5):291-9. 

11. Helgesson M, Johansson B, Nordqvist T, Lundberg I, Vingård E. Sickness 

absence at a young age and later sickness absence, disability pension, death, unemployment 

and income in native Swedes and immigrants. Eur J Public Health. 2015;25(4):688-92. 

12. Wikman A, Wiberg M, Marklund S, Alexanderson K. Activities and sources of 

income after a period of long-term sick leave-a population-based prospective cohort study. 

BMC Public Health 2012;12(745). 

13. Social Insurance Agency. Vad kostar olika sjukdomar i sjukförsäkringen? 

[What is the cost of different diseases in health insurance?]. Stockholm: Social Insurance 

Agency; 2011. 

14. Pines AM, Keinan G. Stress and burnout: The significant difference. Personal 

Individ Differ. 2005;39(3):625-35. 



 

50 

15. Lazarus R, Folkman S. Stress, appraisal and coping. New York Springer Pub. 

Co; 1984. 

16. Selye H. A syndrome produced by diverse nocuous agents. Nature and System. 

1936;138(32). 

17. Selye H. Stress in health and disease. Reading MA: Butterwort´s; 1976. 

18. World Health Organisation. Mental health: a state of well-being. World Health 

Organisation; 2014 [cited 2017 25 September] Available from: 

http://www.who.int/features/factfiles/mental_health/en/. 

19. Pines AM, Aronson E. Career burnout: Causes and cures. New York: Free 

Press; 1988. 

20. Greene G. A Burnt-Out Case. New York: Viking Press; 1961. 

21. Freudenberger HJ. Staff Burn-Out. J Soc Issues. 1974;30(1):159-65. 

22. Maslach C. Burned-out. Hum  Behav. 1976;5:16-22. 

23. Maslach C, Schaufeli WB, Leiter MP. Job burnout. Annu Rev Psychol. 

2001;52:397-422.  

24. Maslach C, Jackson SE. The Measurement of Experienced Burnout. J Occup 

Behav. 1981;2(2):99-113. 

25. Pines AM, Aronson E, Kafry D. Burnout: from tedium to personal growth. 

New York: The Free Press; 1981. 

26. Shirom A, Ezrachi Y. On the discriminant validity of burnout, depression and 

anxiety: A re-examination of the Burnout Measure. Anxiety Stress Copin. 2003;16:83-97. 

27. Melamed S, Shirom A, Toker S, Berliner S, Shapira I. Burnout and risk of 

cardiovascular disease: evidence, possible causal paths, and promising research directions. 

Psychol Bull. 2006;132(3):327-53.  

28. Ahola K, Vaananen A, Koskinen A, Kouvonen A, Shirom A. Burnout as a 

predictor of all-cause mortality among industrial employees: a 10-year prospective register-

linkage study. J Psychosom Res. 2010;69(1):51-7.  

29. Melamed S, Shirom A, Toker S, Shapira I. Burnout and risk of type 2 diabetes: 

a prospective study of apparently healthy employed persons. Psychol Bull. 2006;68(6):863-9. 

30. Bianchi R, Boffy C, Hingray C, Truchot D, Laurent E. Comparative 

symptomatology of burnout and depression. J Health Psychol. 2013;18(6):782-7. 

31. Ding YW, Qu JW, Yu XS, Wang S. The Mediating Effects of Burnout on the 

Relationship between Anxiety Symptoms and Occupational Stress among Community 

Healthcare Workers in China: A Cross-Sectional Study. PloS one. 2014;9(9). 

32. Toker S, Shirom A, Shapira I, Berliner S, Melamed S. The association between 

burnout, depression, anxiety, and inflammation biomarkers: C-reactive protein and fibrinogen 

in men and women. J Occup Health Psychol. 2005;10(4):344-62. 

33. Dyrbye LN, West CP, Satele D, Boone S, Tan L, Sloan J, et al. Burnout Among 

U. S. Medical Students, Residents, and Early Career Physicians Relative to the General U. S. 

Population. Acad Med. 2014;89(3):443-51. 



 

 51 

34. Gustafsson H, Kentta G, Hassmen P, Lundqvist C. Prevalence of burnout in 

competitive adolescent athletes. Sport psychol. 2007;21:21-37. 

35. Norberg A. Burnout in Mothers and Fathers of Children Surviving Brain 

Tumour. Br J Clin Psychol. 2007;14:130-7. 

36. Takai M, Takahashi M, Iwamitsu Y, Ando N, Okazaki S, Nakajima K, et al. 

The experience of burnout among home caregivers of patients with dementia: Relations to 

depression and quality of life. Arch Gerontol Geriat. 2009;49(1):e1-e5. 

37. Takai M, Takahashi M, Iwamitsu Y, Oishi S, Miyaoka H. Subjective 

experiences of family caregivers of patients with dementia as predictive factors of quality of 

life. Psychogeriatrics 2011;11:98-104. 

38. Hallsten L, Bellaagh K, Gustafsson K. Utbränning i Sverige- en 

populationsstudie [Burnout in Sweden- a population study]. Stockholm: Arbetslivsinstitutet; 

2002. 

39. Seidler A, Thinschmidt M, Deckert S, Then F, Hegewald J, Nieuwenhuijsen K, 

et al. The role of psychosocial working conditions on burnout and its core component 

emotional exhaustion - a systematic review. JOMT 2014;9(1):10. 

40. Maslach C, Leiter MP. Understanding the burnout experience: recent research 

and its implications for psychiatry. World psychiatry. 2016;15(2):103-11. 

41. Hallsten L, Josephson M, Torgén M. Performance-based self-esteem- A driving 

force in burnout processes and its assessment. Arbete och Hälsa; 2005. 

42. Blom V. Contingent self-esteem, stressors and burnout in working women and 

men. Work. 2011;43:123-31. 

43. Purvanova RK, Muros JP. Gender differences in burnout: A meta-analysis. J 

Vocat Behav. 2010;77(2):168-85. 

44. Norlund S, Reuterwall C, Hoog J, Lindahl B, Janlert U, Birgander LS. Burnout, 

working conditions and gender-results from the northern Sweden MONICA Study. BMC 

Public Health. 2010;10:326. 

45. Brewer EW, Shapard L. Employee Burnout: A Meta-Analysis of the 

Relationship Between Age or Years of Experience. Hum Resource Dev Rev. 2004;3:102-23. 

46. Soares J, Grossi G, Sundin Ö. Burnout among women: associations with 

demographic, socio-economic, work, life-style and health factors. Arch Womens Ment 

Health. 2007;10:61-71. 

47. Grossi G, Perski A, Osika W, Savic I. Stress-related exhaustion disorder - 

clinical manifestation of burnout? A review of assessment methods, sleep impairments, 

cognitive disturbances, and neuro-biological and physiological changes in clinical burnout. 

Scand J Psychol. 2015;56(6):626-36. 

48. Toppinen-Tanner S, Ojajarvi A, Vaananen A, Kalimo R, Jappinen P. Burnout 

as a predictor of medically certified sick-leave absences and their diagnosed causes. Behav 

Med. 2005;31(1):18-27. 

49. Peterson U, Bergström G, Demerouti E, Gustavsson P, Åsberg M, Nygren A. 

Burnout Levels and Self-Rated Health Prospectively Predict Future Long-Term Sickness 

Absence A Study Among Female Health Professionals. J Occup Environ Med. 

2011;53(7):788-93. 



 

52 

50. National Board of Health and Welfare. Internationell statistisk klassifikation av 

sjukdomar och relaterade hälsoproblem, Svensk version [International statistical classification 

of diseases and related health problems, Swedish version]. Västerås: Socialstyrelsen; 2010. 

51. Glise K, Ahlborg G, Jonsdottir IH. Prevalence and course of somatic symptoms 

in patients with stress-related exhaustion: does sex or age matter. BMC Psychiatry. 2014; 

23;14:118 

52. Johansson R, Carlbring P, Heedman A, Paxling B, Andersson G. Depression, 

anxiety and their comorbidity in the Swedish general population: point prevalence and the 

effect on health-related quality of life. Peerj. 2013;1:e98. 

53. 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. 2003;289(23):3095-105. 

54. Forsell Y. The pathway to meeting need for mental health services in Sweden. 

Psychiatr Serv. 2006;57(1):114-9. 

55. Alonso J, Angermeyer MC, Bernert S, Bruffaerts R, Brugha IS, 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. 2004;109:21-7. 

56. Kessler RC, Chiu WT, Demler O, Walters EE. Prevalence, Severity, and 

Comorbidity of Twelve-month DSM-IV Disorders in the National Comorbidity Survey 

Replication (NCS-R). Arch Gen Psychiatry. 2005;62(6):617-27. 

57. American Psychiatric Association. Diagnostic and statistical manual of mental 

disorders. 4th ed. Washington, DC: American Psychiatric Association; 2000. 

58. World Health Organisation. International Classification of Diseases (ICD). 

World Health Organisation; 2013 [cited 10 September 2013]; Available from: 

http://www.who.int/classifications/icd/en/. 

59. Social Insurance Agency. Lång väg tillbaka till arbete vid sjukskrivning [Long 

way back to work for those on sick leave]. Social Insurance Agency; 2017 [cited 29 October 

2017] Available from: https://www.forsakringskassan.se/wps/wcm/connect/d57be02c-46dc-

4079-b68d-760739441f11/korta-analyser-2017-1.pdf?MOD=AJPERES&CVID=. 

60. Glise K, Ahlborg GJ, Jonsdottir I. Course of mental symptoms in patients with 

stress-related exhaustion: does sex or age make a difference? BMC Psychiatry. 2012;12. 

61. Åsberg M, Nygren Å, Rylander G, Rydmark I. Stress och 

utmattningsdepression [Stress and exhaustion depression]. In: Ekman R, Arnetz B, editors. 

Stress: Samhället - individen – molekylerna [Stress: Society- the individual- the molecules]. 

Stockholm: Liber förlag; 2002. p. 224-32. 

62. Social Insurance Agency. Sjukfrånvaro i psykiska diagnoser: En studie av 

Sveriges befolkning 16–64 år [Sick leave in psychiatric diagnoses: A study of the Swedish 

population 16-64 year old]. Stockholm: Social Insurance Agency; 2013. 

63. Ishtiak-Ahmed K, Perski A, Mittendorfer-Rutz E. Risk markers of all-cause and 

diagnosis-specific disability pension - a prospective cohort study of individuals sickness 

absent due to stress-related mental disorders. BMC Public Health. 2014;14:805. 

64. Vingård E. Arbete, psykisk ohälsa och sjukskrivning [Work, Common mental 

disorders and sick leave]. Stockholm: Forte; 2015. 



 

 53 

65. Social Insurance Agency. Om socialförsäkringen [About Social Insurance]. 

Försäkringskassan; 2015 [cited 29 October 2017] Available from: 

https://www.forsakringskassan.se/wps/wcm/connect/9997804e-06d0-4fe3-849e-

e53063d71316/Socialforsakring_FK_4000_en.pdf?MOD=AJPERES. 

66. Thorsen SV, Friborg C, Lundstrøm B, Kausto J, Örnelius K, Sundell T, et al. 

Sickness Absence in the Nordic Countries. Copenhagen: Nordic Social Statistical Committee; 

2015. 

67. Social Insurance Agency. Vård och omsorg har flest nya sjukfall i Sverige 

[Health care has the most cases of new sick leave in Sweden]. Social Insurance Agency; 2015 

[cited 29 October 2017] Available from: 

https://www.forsakringskassan.se/wps/wcm/connect/e1c99b35-629c-4801-944a-

81dd359b303c/korta-analyser-2015-1.pdf?MOD=AJPERES. 

68. Mittendorfer-Rutz E, Kjeldgard L, Runeson B, Perski A, Melchior M, Head J, 

et al. Sickness Absence Due to Specific Mental Diagnoses and All-Cause and Cause-Specific 

Mortality: A Cohort Study of 4.9 Million Inhabitants of Sweden. PloS one. 2012;7(9). 

69. Wang M, Alexanderson K, Runeson B, Head J, Melchior M, Perski A, et al. 

Are all-cause and diagnosis-specific sickness absence, and sick-leave duration risk indicators 

for suicidal behaviour? A nationwide register-based cohort study of 4.9 million inhabitants of 

Sweden. Occup Environ Med 2014;71(1):12-20. 

70. Roelen CA, Koopmans PC, Schreuder JA, Anema JR, van der Beek AJ. The 

history of registered sickness absence predicts future sickness absence. Occup Med (Lond). 

2011;61(2):96-101. 

71. Gjesdal S, Bratberg E. Diagnosis and duration of sickness absence as predictors 

for disability pension: Results from a three-year, multi-register based and prospective study. 

Scand J Public Health. 2003; 31: 246-54. 

72. Wiberg M, Friberg E, Palmer E, Stenbeck M. Sickness absence and subsequent 

disposable income: A population-based cohort study. Scand J Public Health. 2015;43(4):432-

40. 

73. Mänty M, Lallukka T, Lahti J, Pietiläinen O, Laaksonen M, Lahelma E, et al. 

Physical and mental health functioning after all-cause and diagnosis-specific sickness 

absence: a register-linkage follow-up study among ageing employees. BMC Public Health. 

2017;17(1):114. 

74. Helgesson M, Johansson B, Wernroth L, Vingård E. Exposure to different 

lengths of sick leave and subsequent work absence among young adults. BMC Public Health. 

2016;16:51. 

75. Alexanderson K. A structure for categorisation of studies of sickness 

absence/disability pension. Division of insurance medicine: Karolinska Institutet; 2015. 

76. Swedish National Employment Office. Benefits from A-kassan, Information 

about financial benefits when you are unemployed. 2015 [29 October 2017]; Available from: 

http://www.arbetsformedlingen.se/Globalmeny/Other-languages/Languages/English-

engelska.html. 

77. World Health Organization. Mental health and work: Impact, issues and good 

practices. Geneva; 2000. 

78. McKee-Ryan F, Song Z, Wanberg CR, Kinicki AJ. Psychological and physical 

well-being during unemployment: a meta-analytic study. J Appl Psychol. 2005;90(1):53-76. 



 

54 

79. Nigatu YT, Liu Y, Uppal M, McKinney S, Rao S, Gillis K, et al. Interventions 

for enhancing return to work in individuals with a common mental illness: systematic review 

and meta-analysis of randomized controlled trials. Psychol Med. 2016:1-12. 

80. Viikari-Juntura E, Virta LJ, Kausto J, Autti-Rämö I, Martimo KP, Laaksonen 

M, et al. Legislative change enabling use of early part-time sick leave enhanced return to 

work and work participation in Finland. Scand J Work Environ Health. 2017;447-456. 

81. Shiri R, Kausto J, Martimo KP, Kaila-Kangas L, Takala EP, Viikari-Juntura E. 

Health-related effects of early part-time sick leave due to musculoskeletal disorders: a 

randomized controlled trial. Scand J Work Env Hea. 2013;39(1):37-45. 

82. Viikari-Juntura E, Kausto J, Shiri R, Kaila-Kangas L, Takala EP, Karppinen J, 

et al. Return to work after early part-time sick leave due to musculoskeletal disorders: a 

randomized controlled trial. Scand J Work Env Hea. 2012;38(2):134-43. 

83. Norlund S, Reuterwall C, Hoog J, Janlert U, Jarvholm LS. Work situation and 

self-perceived economic situation as predictors of change in burnout - a prospective general 

population-based cohort study. BMC Public Health. 2015;15:329. 

84. Stansfeld S, Candy B. Psychosocial work environment and mental health-a 

meta-analytic review. Scand J Work Environ Health. 2006;32(6):443-62. 

85. 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. J Occup Health Psychol. 1998;3(4):322-55. 

86. Theorell T, Karasek RA. Current issues relating to psychosocial job strain and 

cardiovascular disease research. J Occup Health Psychol. 1996;1(1):9-26. 

87. Blom V, Bodin L, Bergstrom G, Hallsten L, Svedberg P. The Importance of 

Genetic and Shared Environmental Factors for the Associations between Job Demands, 

Control, Support and Burnout. PloS one. 2013;8(9). 

88. Kivimamäki 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. Am J Epidemiol. 2010;172(2):167–72. 

89. Virtanen M, Vahtera J, Pentti J, Honkonen T, Elovainio M, Kivimaki M. Job 

strain and psychologic distress - Influence on sickness absence among finnish employees. 

Am J Prev Med. 2007;33(3):182-7. 

90. Josephson M, Heijbel B, Voss M, Alfredsson L, Vingard E. Influence of self-

reported work conditions and health on full, partial and no return to work after long-term 

sickness absence. Scand J Work Env Hea. 2008;34(6):430-7. 

91. Bryngelson A, Mittendorfer-Rutz E, Jensen I, Lundberg U, Asberg M, Nygren 

A. Self-reported treatment, workplace-oriented rehabilitation, change of occupation and 

subsequent sickness absence and disability pension among employees long-term sick-listed 

for psychiatric disorders: a prospective cohort study. BMJ open. 2012;2(6):e001704. 

92. Heikkila K, Fransson EI, Nyberg ST, Zins M, Westerlund H, Westerholm P, et 

al. Job strain and health-related lifestyle: findings from an individual-participant meta-

analysis of 118,000 working adults. Am J Public Health. 2013;103(11):2090-7. 

93. Beemsterboer W, Stewart R, Groothoff J, Nijhuis F. A literature review on sick 

leave determinants (1984-2004). International journal of occupational medicine and 

environmental health. 2009;22(2):169-79. 



 

 55 

94. Laaksonen M, Piha K, Martikainen P, Rahkonen O, Lahelma E. Health-related 

behaviours and sickness absence from work. Occup Environ Med. 2009;66(12):840-7. 

95. Lundborg P. Does smoking increase sick leave? Evidence using register data on 

Swedish workers. Tob Control. 2007;16(2):114-8. 

96. Salonsalmi A, Laaksonen M, Lahelma E, Rahkonen O. Drinking habits and 

sickness absence: the contribution of working conditions. Scand J Public Health. 

2009;37(8):846-54. 

97. Upmark M, Möller J, Romelsjö A. Longitudinal, population-based study of self 

reported alcohol habits, high levels of sickness absence, and disability pensions. J Epidemiol 

Community Health. 1999;53:223-9. 

98. Grigoletti L, Perini G, Rossi A, Biggeri A, Barbui C, Tansella M, et al. 

Mortality and cause of death among psychiatric patients: a 20-year case-register study in an 

area with a community-based system of care. Psychol Med. 2009;39(11):1875-84. 

99. Harris EC, Barraclough B. Excess mortality of mental disorder. Br J Psychiatry. 

1998;173:11-53. 

100. Bryngelson A, Asberg M, Nygren A, Jensen I, Mittendorfer-Rutz E. All-Cause 

and Cause-Specific Mortality after Long-Term Sickness Absence for Psychiatric Disorders: 

A Prospective Cohort Study. PloS one. 2013;8(6):e67887. 

101. Hall JG. Twinning. Lancet. 2003;362(9385):735-43.  

102. Visscher PM, Hill WG, Wray NR. Heritabilty in the genomics era- conceptions 

and mosconceptions. Nature Reviews: Genetics. 2008;9:255-66. 

103. Posthuma D, Beem AL, de Geus EJ, van Baal GC, von Hjelmborg JB, Iachine 

I, et al. Theory and practice in quantitative genetics. Twin Res. 2003;6(5):361-76. 

104. Hettema J, Neale M, Kendler K. A review and meta-analysis of the genetic 

epidemiology of anxiety disorders. Am J Psychiat. 2001;158:1568-78. 

105. Sullivan PF, Neale MC, Kendler KS. Genetic epidemiology of major 

depression: review and meta-analysis. Am J Psychiat. 2000;157:1552-62. 

106. Blom V, Bergstrom G, Hallsten L, Bodin L, Svedberg P. Genetic susceptibility 

to burnout in a Swedish twin cohort. Eur J Epidemiol. 2012;27(3):225-31. 

107. Middeldorp CM, Cath DC, Boomsma DI. A twin-family study of the 

association between employment, burnout and anxious depression. J Affect Disorders. 

2006;90(2-3):163-9. 

108. Harkonmäki K, Silventoinen K, Levälahti E, Pitkäniemi J, Huunan-Seppälä A, 

Klaukka T, et al. The Genetic Liability to Disability Retirement: A 30-Year Follow-Up Study 

of 24,000 Finnish Twins. PloS one. 2008; 3(10):e3402. 

109. Narusyte J, Ropponen A, Silventoinen K, Alexanderson K, Kaprio J, 

Samuelsson A, et al. Genetic Liability to Disability Pension in Women and Men: A 

Prospective Population-Based Twin Study. PloS one. 2011;6(8):e23143. 

110. Gjerde LC, Knudsen GP, Czajkowski N, Gillespie N, Aggen SH, Roysamb E, 

et al. Genetic and Environmental Contributions to Long-Term Sick Leave and Disability 

Pension: A Population-Based Study of Young Adult Norwegian Twins. Twin Res Hum 

Genet. 2013;16(4):759-66. 



 

56 

111. Narusyte J, Ropponen A, Alexanderson K, Svedberg P. Genetic and 

Environmental Influences on Disability Pension Due To Mental Diagnoses: Limited 

Importance of Major Depression, Generalized Anxiety, and Chronic Fatigue. Twin Res Hum 

Genet. 2015;19(1):10-6. 

112. Torvik FA, Gjerde LC, Røysamb E, Tambs K, Kendler KS, Czajkowski NO, et 

al. Genetic and Environmental Contributions to the Relationship Between Internalizing 

Disorders and Sick Leave Granted for Mental and Somatic Disorders. Twin Res Hum Genet. 

2014;17(4):225-35. 

113. Samuelsson Å, Ropponen A, Alexanderson K, Svedberg P. Psychosocial 

working conditions, occupational groups, and risk of disability pension due to mental 

diagnoses: a cohort study of 43 000 Swedish twins. Scand J Work Environ Health. 

2013;39(4):351-60. 

114. Samuelsson Å, Ropponen A, Alexanderson K, Svedberg P. A prospective 

cohort study of disability pension due to mental diagnoses: the importance of health factors 

and behaviors. BMC Public Health. 2013;13:621. 

115. Torvik FA, Ystrom E, Czajkowski N, Tambs K, Roysamb E, Orstavik R, et al. 

Socioeconomic status and sick leave granted for mental and somatic disorders: a prospective 

study of young adult twins. BMC Public Health. 2015;15:134.  

116. Svedberg P, Ropponen A, Lichtenstein P, Alexanderson K. Are self-report of 

disability pension and long-term sickness absence accurate? Comparisons of self-reported 

interview data with national register data in a Swedish twin cohort. BMC Public Health. 

2010;10:763. 

117. Lichtenstein P, Sullivan PF, Cnattingius S, Gatz M, Johansson S, Carlstrom E, 

et al. The Swedish Twin Registry in the third millennium: an update. Twin Res Hum Genet. 

2006;9(6):875-82. 

118. Furberg H, Lichtenstein P, Pedersen N, Thornton L, Bulik C, Lerman C, et al. 

The STAGE cohort: A prospective study of tobacco use among Swedish twins. Nicotine Tob 

Res. 2008;10(12):1727-35. 

119. Social Insurance Agency. MiDAS: Sjukpenning och Rehabiliteringspenning 

[MiDAS: Sickness benifit and Rehabilitation benifit]. Social Insurance Agency; 2011 [cited 

29 October 2017] Available from: https://www.forsakringskassan.se. 

120. Statistics Sweden. Longitudinell integrationsdatabas för Sjukförsäkrings- och 

Arbetsmarknadsstudier (LISA) 1990–2013 [longitudinal integration database for health, 

insurance and labor market studies]. Statistics Sweden; 2016 [cited 29 October 2017] 

Available from: http://www.scb.se/lisa. 

121. National board of health and welfare. Dödsorsaksregistret [Cause of death 

register]. National board of health and welfare; 2016 [cited 29 October 2017] Available from: 

http://www.socialstyrelsen.se/register/dodsorsaksregistret. 

122. Forsberg L, Rydh H, Björkenstam E, Jacobsson A, Nyqvist K, Heurgren M. 

Kvalitet och innehåll i patientregistret [Quality and content of the Patient Register]. National 

Board of Health and Welfare. Report number: 2008-125-1; 2008. 

123. First MB, Spitzer RL, Gibbon M, Williams JBW, Benjamin L. Structured 

Clinical Interview for DSM-IV-Patients Edition (With Psychotic Screen, Version 2.0). New 

York: Biometrics Research Department, New York State Psychiatric Institute, 1996. 



 

 57 

124. Carlbring P, Forslin P, Ljungstrand P, Willebrand M, Strandlund C, Ekselius L, 

et al. Is the internet-administered CIDI-SF equivalent to a clinician-administered SCID 

Interview. Cognitive Behaviour Therapy. 2002;31:183-9. 

125. Farvolden P, McBride C, Bagby RM, Ravitz P. A Web-based screening 

instrument for depression and anxiety disorders in primary care. J Med Internet Res. 

2003;5(3):e23.  

126. Nguyen DP, Klein B, Meyer D, Austin DW, Abbott JA. The Diagnostic 

Validity and Reliability of an Internet-Based Clinical Assessment Program for Mental 

Disorders. J Med Internet Res. 2015;17(9):e218.  

127. Gjerde LC, Røysamb E, Czajkowski N, Reichborn-Kjennerud T, Ørstavik RE, 

Kendler KS, et al. Strong Genetic Correlation Between Interview-Assessed Internalizing 

Disorders and a Brief Self-Report Symptom Scale. Twin Res Hum Genet. 2011;14(1):64-72. 

128. Foley DL, Neale MC, Kendler KS. Genetic and environmental risk factors for 

depression assessed by subject-rated Symptom Check List versus Structured Clinical 

Interview. Psychol Med. 2001;31(8):1413-23. 

129. Sanne B, Torp S, Mykletun A, Dahl AA. The Swedish Demand-Control-

Support Questionnaire (DCSQ): factor structure, item analyses, and internal consistency in a 

large population. Scandinavian journal of public health. 2005;33(3):166-74. 

130. Espman E, Allebeck P. Riskbruk av alkohol - begrepp, gränsvärden, 

mätmetoder [Risk use of alcohol - concepts, limit values, measurement methods]. Stockholm: 

Karolinska Institutets folkhälsoakademi; 2011. 

131. Trolle-Lagerros Y, Mucci L, Kumle M, Braaten T, Weiderpass E, Hsieh C, et 

al. Physical Activity as a Determinant of Mortality in Women. Epidemiology. 2005;16(6). 

132. Niederkrotenthaler T, Tinghog P, Goldman-Mellor S, Wilcox HC, Gould M, 

Mittendorfer-Rutz E. Medical and Social Determinants of Subsequent Labour Market 

Marginalization in Young Hospitalized Suicide Attempters. PloS one. 2016;11(1):e0146130. 

133. Hultin H, Lindholm C, Möller J. Is There an Association between Long-Term 

Sick Leave and Disability Pension and Unemployment beyond the Effect of Health Status? - 

A Cohort Study. PloS one. 2012;7(4):e35614. 

134. Magnusson PK, Almqvist C, Rahman I, Ganna A, Viktorin A, Walum H, et al. 

The Swedish Twin Registry: establishment of a biobank and other recent developments. Twin 

Res Hum Genet. 2013;16(1):317-29. 

135. Lichtenstein P, de Faire U, Floderus B, Svartengren M, Svedberg P, Pedersen 

NL. The Swedish Twin Registry: a unique resource for clinical, epidemiological and genetic 

studies. J Intern Med. 2002;252:184-205. 

136. Christiansen L, Frederiksen H, Schousboe K, Skytthe A, von Wurmb-Schwark 

N, Christensen K, et al. Age- and sex-differences in the validity of questionnaire-based 

zygosity in twins. Twin Res. 2003;6(4):275-8. 

137. Magnus P, Berg K, Nance WE. Predicting zygosity in Norwegian twin pairs 

born 1915-1960. Clin Genet. 1983;24(2):103-12. 

138. Boker S, Neale M, Maes H, Wilde M, Spiegel M, Brick T, et al. OpenMx: An 

Open Source Extended Structural Equation Modeling Framework. Psychometrika. 

2011;76(2):306-17. 



 

58 

139. R-Development-Core-Team. R Foundation for Statistical Computing. Vienna, 

Austria: R; 2010. 

140. Rijsdijk F, Sham P. Analytic approaches to twin data using structural equation 

models. Brief Bioinform. 2002; 3(2):119-33. 

141. Purcell S. Statistical Methods in Behavioral Genetics. In: Plomin R, DeFries 

JC, Knopik VS, Neiderhiser JM, editors. Behavioral Genetics. 6 ed. New York: Worth 

Publishers; 2013. 

142. Raftery AE. Bayesian model selection in social research. Sociological 

Methodology 1995. 1995;25:111-63. 

143. Markon KE, Krueger RF. An empirical comparison of information-theoretic 

selection criteria for multivariate behavior genetic models. Behav Genet. 2004;34(6):593-

610. 

144. Carlin JB, Gurrin LC, Sterne JA, Morley R, Dwyer T. Regression models for 

twin studies: a critical review. Int J Epidemiol. 2005;34(5):1089-99. 

145. Boomsma D, Busjahn A, Peltonen L. Classical twin studies and beyond. Nature 

Reviews: Genetics. 2002;3(11):872-82. 

146. Kujala UM, Kaprio J, Koskenvuo M. Modifiable risk factors as predictors of 

all-cause mortality: The roles of genetics and childhood environment. Am J Epidemiol. 

2002;156(11):985-93. 

147. Middeldorp CM, Stubbe JH, Cath DC, Boomsma DI. Familial clustering in 

burnout: a twin-family study. Psychol Med. 2005;35(1):113-20. 

148. Middeldorp CM, Cath DC, Van Dyck R, Boomsma DI. The co-morbidity of 

anxiety and depression in the perspective of genetic epidemiology. A review of twin and 

family studies. Psychol Med. 2005;35(5):611-24. 

149. Kendler KS, Gardner CO, Gatz M, Pedersen NL. The sources of co-morbidity 

between major depression and generalized anxiety disorder in a Swedish national twin 

sample. Psychol Med. 2007;37(3):453-62. 

150. Ahola K, Hakanen J. Job strain, burnout, and depressive symptoms: A 

prospective study among dentists. J Affect Disord. 2007;104(1-3):103-10. 

151. Nyklicek I, Pop VJ. Past and familial depression predict current symptoms of 

professional burnout. J Affect Disorders. 2005;88(1):63-8. 

152. Cross-Disorder Group of the Psychiatric Genomics Consortium. Identification 

of risk loci with shared eff ects on five major psychiatric disorders: a genome-wide analysis. 

Lancet. 2013;381:1371-79. 

153. Sulkava S, Ollila HM, Ahola K, Partonen T, Viitasalo K, Kettunen J, et al. 

Genome-wide scan of job-related exhaustion with three replication studies implicate a 

susceptibility variant at the UST gene locus. Hum Mol Genet. 2013;22(16):3363-72. 

154. Lundberg U. Work conditions and back pain problems. Stress and health. 

2015;31(1):1-4. 

155. Lidwall U. Sick leave diagnoses and return to work: a Swedish register study. 

Disabil Rehabil. 2015;37(5):396-410. 



 

 59 

156. Mather L, Blom V, Svedberg P. Stressful and traumatic life events are 

associated with burnout-a cross-sectional twin study. International journal of behavioral 

medicine. 2014;21(6):899-907. 

157. Head J, Ferrie JE, Alexanderson K, Westerlund H, Vahtera J, Kivimaki M. 

Diagnosis-specific sickness absence as a predictor of mortality: the Whitehall II prospective 

cohort study. Br Med J. 2008;337:a1469. 

158. Bjorkenstam E, Ljung R, Burstrom B, Mittendorfer-Rutz E, Hallqvist J, Weitoft 

GR. Quality of medical care and excess mortality in psychiatric patients-a nationwide 

register-based study in Sweden. BMJ open. 2012;2:e000778. 

159. DiMatteo MR, Lepper HS, Croghan TW. Depression is a risk factor for 

noncompliance with medical treatment: meta-analysis of the effects of anxiety and depression 

on patient adherence. Arch Intern Med. 2000;160(14):2101-7. 

160. de Lange AH, Taris TW, Kompier MAJ, Houtman ILD, Bongers PM. “The 

Very Best of the Millennium”: Longitudinal Research and the Demand-Control-(Support) 

Model. J Occup Health Psychol. 2003;8(4):282-305. 

161. Swedish Work environment authority. Organisational and social work 

environment. Stockholm: The Swedish Work environment authority; 2016. 

162. Westerlund H, Gustafsson PE, Theorell T, Janlert U, Hammarström A. Social 

Adversity in Adolescence Increases the Physiological Vulnerability to Job Strain in 

Adulthood: A Prospective Population-Based Study. PloS one. 2012;7:e35967. 

163. Narusyte J, Ropponen A, Alexanderson K, Svedberg P. The role of familial 

factors in the associations between sickness absence and disability pension or mortality. 

European Journal of Public Health. 2013;24(1):106-10. 

164. Helgesson M, Tinghog P, Niederkrotenthaler T, Saboonchi F, Mittendorfer-

Rutz E. Labour-market marginalisation after mental disorders among young natives and 

immigrants living in Sweden. BMC Public Health. 2017;17(1). 

165. Kendler KS, Gatz M, Gardner CO, Pedersen NL. A Swedish national twin 

study of lifetime major depression. A  J Psychiatry. 2006;163(1):109-14. 

166. Kendler KS, Gatz M, Gardner CO, Pedersen NL. Personality and major 

depression: a Swedish longitudinal, population-based twin study. Arch Gen Psychiatry. 

2006;63(10):1113-20. 

167. Lundberg U. Stress hormones in health and illness: the roles of work and 

gender. Psychoneuroendocrinology. 2005;30(10):1017-21. 

168. Theorell T, Hammarstrom A, Gustafsson PE, Magnusson Hanson L, Janlert U, 

Westerlund H. Job strain and depressive symptoms in men and women: a prospective study 

of the working population in Sweden. J Epidemiol Community Health. 2014;68(1):78-82. 

169. Nilsen W, Skipstein A, Ostby KA, Mykletun A. Examination of the double 

burden hypothesis-a systematic review of work-family conflict and sickness absence. Eur J 

Public Health. 2017;27(3):465-71. 

170. Svedberg P, Mather L, Bergström G, Lindfors P, Blom V. Work-Home 

Interference, Perceived Total Workload, and the Risk of Future Sickness Absence Due to 

Stress-Related Mental Diagnoses Among Women and Men: a Prospective Twin Study. Int J 

Behav Med. 2017;[Epub ahead of print]. doi: 10.1007/s12529-017-9669-9. 



 

60 

171. Schaufeli WB, Bakker AB, Hoogduin K, Schaap C, Klader A. On the clinical 

vailidty of the Maslach burnout inventory and the burnout measure. Psychology and Health. 

2001;16:565-82. 

172. Enzmann D, Schaufeli WB, Janssen P, Rozeman A. Dimensionality and 

validity of the Burnout Measure. Journal of Occupational and Organizational Psychology. 

1998;71:331-51. 

173. Statistics Sweden. Svensk utbildning i internationell statistik 2005 [Swedish 

education in international statistics 2005]. Statistics Sweden; 2005 [cited 29 September2017] 

Available from; http://www.scb.se/sv_/Hitta-statistik/Publiceringskalender/Visa-detaljerad-

information/?publobjid=2136  

174. Ljungdahl LO, Bjurulf P. The Accordance of Diagnoses in a Computerized 

Sick-Leave Register with Doctors Certificates and Medical Records. Scand J Soc Med. 

1991;19(3):148-53. 

175. National Board of Health and Welfare. Nationella riktlinjer för vård vid 

depression och ångestsyndrom 2010 – stöd för styrning och ledning [National guidelines for 

treatment of depression and anxiety 2010 - support for governance and management]. 

Västerås: National Board of Health and Welfare; 2010. 

176. Visscher PM, Medland SE, Ferreira MAR, Morley KI, Zhu G, Cornes BK, et 

al. Assumption-free estimation of heritability from genome-wide identity-by-descent sharing 

between full siblings. PLoS Genetics. 2006;2(3):316-25. 

177. Conley D, Rauscher E, Dawes C, Magnusson PKE, Siegal ML. Heritability and 

the Equal Environment Assumption: Evidence from Multiple Samples of Missclassified 

Twins. Behav Genet. 2013;43:415-26. 

178. Samuelsson Å. Risk Factors for Disability Pension: Studies of a Swedish Twin 

Cohort. Stockholm: Karolinska Institutet; 2013. 

179. Jaffee SR, Price TS. Gene-environment correlations: a review of the evidence 

and implications for prevention of mental illness. Mol Psychiatry. 2007;12(5):432-42.  

180. Svedberg P, Blom V, Narusyte J, Bodin L, Bergstrom G, Hallsten L. Genetic 

and Environmental Influences on Performance-based Self-esteem in a Population-based 

Cohort of Swedish Twins. Self Identity. 2014;13(2):243-56. 

181. Madsen M, Osler M. Commenatry: Strenghts and limitations of the discordant 

twin-pair design in social epidemiology. Where do we go from here? Int J Epidemiol. 

2009;38:1322-23. 

182. Frisell T, Oberg S, Kuja-Halkola R, Sjolander A. Sibling comparison designs: 

bias from non-shared confounders and measurement error. Epidemiology. 2012;23(5):713-

20. 

 

 


