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Work disability patterns before and 
after incident acute myocardial 
infarction and subsequent risk 
of common mental disorders: A 
Swedish cohort study
K. Bokenberger1, S. Rahman  1*, M. Wang1, M. Vaez1, t. e. Dorner1,2, M. Helgesson1, t. ivert3 
& e. Mittendorfer-Rutz1

this study investigated the extent to which work disability patterns including sickness absence and 
disability pension (SA/Dp) before and after acute myocardial infarction (AMi) were associated with 
subsequent common mental disorders (cMDs) such as depression and anxiety in AMi patients without 
previous CMD. Total 11,493 patients 26–64 years with incident AMI during 2008–10 were followed up 
for CMD (measured as antidepressant prescription) through 2013. Four SA/DP trajectory groups during 
the 3-years pre-AMI and 1-year post-AMI were identified. Hazard ratios (HRs) with 95% confidence 
intervals for subsequent cMD were estimated in cox models. Higher pre-AMi SA/Dp annual levels 
(>1–12 months/year) were associated with 40–60% increased CMD rate than the majority (78%) 
with low increasing levels (increasing up to 1 month/year). Regarding post-AMI findings, constant 
high (~25–30 days/month) SA/DP levels within the first 3 months was associated with a 76% higher 
CMD rate, compared to constant low (0 days/month). A gradually decreasing post-AMI SA/DP pattern 
over a 12-month period suggested protective influences for CMD (HR = 0.80). This is the first study to 
demonstrate that pre- and post-AMi work disability patterns are associated with subsequent cMD risk 
in AMi patients. Work disability patterns should be considered as an indicator of AMi prognosis in terms 
of cMD risk.

Acute myocardial infarction (AMI) is the leading cause of premature death worldwide1. In Sweden, approx-
imately 26,600 people suffered from an AMI in 20152, a third among whom were of working age3. Following 
an AMI, sickness absence (SA) is commonly prescribed as a rehabilitation measure for patients4. In Sweden, 
4–8 weeks of SA are recommended for AMI without complications4. For AMI cases with complications, work 
ability may be permanently reduced, resulting in the patient being granted disability pension (DP) by the Social 
Insurance Agency4.

Common mental disorders (CMDs) such as depression, anxiety, and stress-related mental disorders, which 
are highly prevalent globally5, are associated with increased risk of AMI6–10 and mortality11. Over the last decade, 
CMDs have become the most common diagnoses for work disability, i.e. SA or being granted DP, in working 
populations12,13. In addition to the substantial economic costs incurred by work disability payouts, such labour 
market marginalization is tied to adverse health behaviour and social isolation14, factors which in turn heighten 
vulnerability for CMDs15. Further, the onset of CMDs may be triggered after an AMI16, a life-threatening event 
that is perceived as stressful by those affected17. Bridging these topics, recent research has demonstrated that 
patients suffering ischemic heart disease and CMDs have higher DP rates compared to those separately affected 
by ischemic heart disease or CMDs18.
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AMI patients sometimes have sickness absence preceding the cardiac event due to cardiovascular causes or 
other diseases19,20 and particularly after the event due to rehabilitation purposes20,21. In the Swedish health care 
system, AMI patients are generally followed up on cardiac rehabilitation outcomes, including return to work sta-
tus, at approximately 2 months and again at 1 year after the event by the attending physician22. Earlier studies have 
demonstrated heterogeneity in work disability trajectory patterns, with sociodemographic factors such as female 
sex and low education, as well as comorbid musculoskeletal and mental disorders driving the variation in these 
patterns20,23. However, there is a lack of research on the impact of pre- and post-AMI patterns of sickness absence 
and disability pension (SA/DP), which may be a useful marker in terms of CMD prognosis.

Aim
The present study aims to examine the extent to which patterns of work disability, in terms of SA/DP, before and 
after AMI are associated with subsequent CMDs in AMI patients without prior CMDs taking into consideration 
sociodemographic and medical factors.

Methods
Study design and population. This prospective population-based nationwide study comprises a cohort 
of 16,983 patients aged 26–64 years who had a first AMI at baseline (T0) during 2008–2010. AMI patients were 
identified as those who received inpatient care with a main diagnosis (International Classification of Diseases 
version 10 (ICD-10) code of I21) according to the National Patient Register. Those who had an earlier AMI prior 
T0 sometime between 1987 and 2008 (n = 1,914) and those who died within 30 days after the AMI (n = 424) were 
excluded. After further exclusion of subjects with CMD prior T0 (n = 3,152), the main cohort comprised 11,493 
AMI patients without previous CMD. To examine post-AMI work disability patterns in relation to CMD risk, a 
subsample of 10,642 patients still alive and who had not developed CMD within 1 year after AMI were followed 
up starting from 1 year after AMI (T1). Previous CMD was defined as those with prescribed and dispensed 
antidepressants or had inpatient or specialised outpatient care for depression, anxiety, or stress-related disorders 
prior T0 or T1, respectively. Both study populations were followed up until date of post-AMI CMD (see CMD 
measures), death, emigration, or end of follow-up on December 31, 2013, whichever came first.

Register data. Several national registers were linked to the study cohort with the assistance of the unique 
personal identification number assigned to all Swedish inhabitants. The following registers were included: (i) 
Longitudinal Integration Database for Health Insurance and Labour Market Studies (LISA) held by Statistics 
Sweden: includes data on age, sex, country of birth, educational level, type of living area, family situation, and year 
of emigration; (ii) MicroData for Analysis of the Social Insurance database (MiDAS) held by the Social Insurance 
Agency: includes data on length, extent and diagnosis of SA/DP. In Sweden, all residents from the age of 16 years 
with a minimum annual income from work or unemployment are eligible to receive SA benefits from the public 
Social Insurance Agency (SIA) in case of reduced work ability due to disease or injury. Those, 30–64 years of age 
with permanent work disability can be granted DP, and those 19–29 years of age with temporary work disability 
can be granted temporary DP24. Both SA and DP can be granted for partial (25%, 50%, 75%) or complete (100%) 
work disability; (iii) National Patient Register held by the National Board of Health and Welfare (NBHW)25: 
includes records of date and diagnosis of inpatient care since 1987 and specialised outpatient care since 2001; (iv) 
Prescribed Drug Register held by the NBHW: comprises records of date, type and dosage of the drug dispensed; 
and v) Cause of Death Register held by the NBHW: includes data on date of death.

cMD measures. Measures for depression, anxiety, and stress-related disorders were derived based on ICD 
codes (F32-F33, F40-F42, and F43, respectively) from the National Patient Register. A measure for prescribed 
antidepressant medication was created based on Anatomical Therapeutic Chemical Classification System codes 
(N06A) from the Prescribed Drug Register. The main outcome measure for CMD (yes/no) after AMI was based 
on purchases of antidepressants. For sensitivity analyses, we also defined CMD as antidepressant prescription or 
specialised health care diagnosis of depression, anxiety, or stress-related disorders. In order to exclude patients 
with CMD prior to AMI, both diagnostic and prescription data were used for the measurement.

Work disability. Pre-AMI work disability trajectories were based on combined net days of SA/DP per 
annum. Post-AMI work disability trajectories were based on combined net days of SA/DP per month. Net days 
for work disability were calculated by multiplying the length and extent of SA/DP days. For instance, if a person 
was on SA/DP for 50% for 2 days, then the length of SA/DP would be equal to SA/DP for 100% for 1 day, that is 
the individual would be considered as having ‘1’ net day of SA/DP.

Derivation of work disability trajectories are described in Statistical methods.

covariate measures. Sociodemographic characteristics comprised sex, age, educational level, family sit-
uation, area of living, and country of birth that were measured at the end of the year preceding AMI (see cat-
egorization in Table 1). Medical characteristics (Table 2) measured within the three years preceding the first 
AMI including somatic (co-)morbidities and other mental comorbidities were based on inpatient and specialised 
outpatient care (main and side diagnoses). Conditions included stroke (ICD-codes: I60, I61, I63, I64), hyper-
tension (ICD-codes: I10), diabetes mellitus (ICD-codes: E10-E14), musculoskeletal disorders (ICD-codes: 
M00-M99), renal insufficiency (ICD-codes: N17-N19), cancer (ICD-codes: C00-D48), and other somatic dis-
orders which included infectious diseases, blood disorders, diseases of the metabolic, nervous, ocular, auditory, 
respiratory, digestive, integumentary, and genitourinary system, conditions related to pregnancy, congenital 
disorders, injuries and poisonings (ICD-codes: A00-B99, D50-E07, E15-E90, G00-H95, J00-L99, N00-N16, 
N20-O75, O85-O99, Q00-T98). Mental disorders other than CMDs included bipolar disorder, schizophrenia, 
mood disorders not including depression, neurotic and somatoform disorders not including anxiety disorders, 
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behavioural and emotional disorders, personality disorders, developmental disorders, and unspecified mental 
disorders (ICD-codes: F31, F20-29; F34-F39, and F44-F99). Measures of AMI-related characteristics (Table 2) 
included: type of infarction (classified as ST-elevation myocardial infarction (STEMI, ICD-codes: I21.0-I21.3), 
non-ST-elevation myocardial infarction (NSTEMI, ICD-code: I21.4) or unspecified (ICD-code: I21.9)) as an 
indicator of severity of AMI; and type of coronary revascularisation which was classified as percutaneous coro-
nary intervention (PCI) (FNG00-FNG05), coronary artery bypass grafting (CABG) (FNA-FNF, FNG30, FNW96) 
and others (i.e. other intracardiac procedures or missing information) according to the Classification of Surgical 
Procedures.

Statistical methods. First, pre- and post-AMI work disability trajectories were identified using latent 
group-based trajectory modelling. Selection of the amount of trajectory groups was based on Bayesian informa-
tion criterion fit estimates and the authors’ observations that including more than four groups in the trajectory 
models did not yield additional information or insight and likely led to overfitting of models. Group probabilities 
were calculated for each of the trajectory variables and yielded probabilities >90%, indicating that the trajectory 
variable fitted the data adequately well. Creation of the work disability trajectory measure has been described 
previously20. In brief, using this method, one may identify subgroups of individuals with distinct trajectories 
over time and estimate the proportion of persons in each group26. A work disability measure with four trajectory 
groups during the 3-year period preceding an AMI (“low increasing”, “middle increasing”, “variable”, “constant 
high”) and during the 1-year period following an AMI (“constant low”, “steeply decreasing”, “gradually decreas-
ing”, “constant high”) were derived.

Second, crude and adjusted (separately and fully for sociodemographic and medical characteristics) hazard 
ratios (HRs) with 95% confidence intervals (CIs) were estimated for CMDs using Cox regression models. Main 
analyses entailed examining pre-AMI work disability trajectories in relation to subsequent CMDs, defined as 
purchases of antidepressant medication. Pre-AMI work disability trajectories were examined in the sample of 
patients with a first AMI in 2008–2010 (N = 11,493) and post-AMI work disability were examined in the sample 
of patients who survived 1 year after the first AMI and had not developed CMD (N = 10,642). Additionally, in 

N = 11,493 %

Sociodemographic characteristicsa

Age

26–45 1,043 9.0

46–55 3,540 30.8

56–64 6,910 60.1

Sex

Men 9,142 79.5

Women 2,351 20.5

Country of birthb

Sweden 9,354 81.4

Other Nordic countries 619 5.4

EU25 (excluding Nordic countries) 331 2.9

Other countries 1,189 10.3

Education (years)

Compulsory (≤9) 3,367 29.3

High school (10–12) 5,627 49.0

University (>12) 2,499 21.7

Type of living areac

Big cities 3,404 29.6

Medium sized cities 4,078 35.5

Small towns/villages 4,011 34.9

Family situationd

Married living without children 3,236 28.2

Married living with children 3,950 34.4

Single living without children 3,782 32.9

Single living with children 525 4.6

Table 1. Sociodemographic characteristics of the main cohort of patients with a diagnosis of AMI from 
inpatient care during 2008–2010 in Sweden. Abbreviations: AMI = Acute myocardial infarction. aMeasured on 
December 31st of the year preceding acute myocardial infarction. bOther Nordic countries include Denmark, 
Finland, Iceland, and Norway. Missing data is considered as other countries. cType of living area: big cities 
(Stockholm, Gothenburg and Malmö); medium-sized cities (cities with more than 90 000 inhabitants within the 
30 km distance from the centre of the city); small cities/villages/rural. dMarried includes all living with partner 
or cohabitant. Single includes divorced, separated, or widowed. Missing data is considered single living without 
children.

https://doi.org/10.1038/s41598-019-52487-w


4Scientific RepoRtS | (2019) 9:16086 | https://doi.org/10.1038/s41598-019-52487-w

www.nature.com/scientificreportswww.nature.com/scientificreports/

sensitivity analyses, we examined models with a more broadly defined measure of CMD as an outcome measure 
as mentioned above.

ethical approval. The study has been approved by the Regional Ethical Committee of Stockholm and by 
the ethical committees of Statistics Sweden, the National Board of Health and Welfare, and the Social Insurance 
Agency. After legal review, the data are only made available for researchers in the group who meet the criteria for 
access to this type of sensitive data. These procedures follow the Swedish Ethical Review Act, the Personal Data 
Act, and the Administrative Procedure Act. Data are derived from different registers. Therefore, no personal 
contact with the individuals is established. The integrity of the persons is secured through de-identification of the 
individual information by the data providing agencies. Results are presented on group level without any possi-
bility of backward identification, as in numerous previous publications derived from this database. The research 
group applies high standards of data safety.

informed consent. The study population was based on linkage of several public national registers. Ethical 
vetting is always required when using register data in Sweden. The ethical vetting is performed by regional ethical 
review boards and the risk appraisal associated with the Law on Public Disclosure and Secrecy is done by data 
owners (Statistics Sweden, the National Board of Health and Welfare, and the Social Insurance Agency). The eth-
ical review boards can however waive the requirement to consult the data subjects (or in case of minors/children 
the next of kin, careers or guardians) directly to obtain their informed consent, and will often do so if the research 
is supported by the ethical review board and the data has already been collected in some other context. This 
means that for this specific study no written informed consent was required from participants (or next of kin/car-
egiver in the case of children) for their clinical records to be used. Patient records/information were anonymized 
and de-identified prior to analysis by the authority, Statistics Sweden, the National Board of Health and Welfare, 
and the Social Insurance Agency, who were responsible for data linkage. Researchers received de-identified data. 
This study was approved by the Regional Ethical Committee of Stockholm, and by the Ethical Committees of the 
data providers.

Results
characteristics of AMi patients. Descriptive statistics are presented for the main cohort with no CMD 
prior T0 in Table 1a,b. The majority of AMI patients were 56–64 years old (median age of 57 years), men, born in 
Sweden, those with high school level education, and married and living with children.

Regarding work disability patterns, four different trajectories of pre-AMI work disability over a 3-year period 
and post-AMI work disability over a 12-month period were identified. The most common pre-AMI trajectory 
group, represented by 78% of patients, was characterized by “low increasing” annual levels wherein SA/DP levels 
increased from zero to 1 month (Fig. 1a). Eleven percent of patients made up the second most common pre-AMI 
trajectory group which was characterized by “constant high” (~12 months/year) SA/DP levels. “Variable” (vacil-
lating between 6–8 months/year) and “middle increasing” (increasing from >1 month/year at T-3 to 4 months/

N = 11,493 %

Type of infarctiona

STEMI 5,165 44.9

Non-STEMI 4,053 35.3

Unspecified 2,275 19.8

Coronary revascularisation characteristics at T0b

Percutaneous coronary intervention 8,159 71.0

Coronary artery bypass grafting 262 2.3

Others 3,072 26.7

Somatic and mental disorders other than CMD 3 years prior and 
up to T0b

Musculoskeletal disorders 1,596 13.9

Diabetes mellitus 1,750 15.2

Renal insufficiency 148 1.3

Hypertension 3,881 33.8

Stroke 123 1.1

Cancer 654 5.7

Other somatic disorders 7,344 63.9

Other mental disorders 814 7.1

CMD after AMI

CMD (Antidepressant prescription) 1,401 12.2

Table 2. Medical and AMI-related factors of all patients with a diagnosis of AMI from inpatient care during 
2008–2010 in Sweden. Abbreviations: AMI = Acute myocardial infarction. STEMI = ST-elevation myocardial 
infarction. CMD = Common mental disorder. aST-elevation myocardial infarction. Non-ST-elevation 
myocardial infarction. bT0 refers to the date of the first AMI (baseline) during 2008–2010.
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year at T0) trajectory groups represented the rest of the cohort. Regarding post-AMI trajectory patterns, the 
majority of patients (40%) demonstrated “gradually decreasing” monthly levels of work disability wherein SA/DP 
levels started high at ~25 days/month and tapered off to 0 days/month by 12 months post-AMI (Fig. 1b). Those 
with “constant low” monthly levels (0 SA/DP days/month throughout the 12-month period) were represented by 
25% of patients. Finally, groups with “constant high” (~25–30 days/month) and “steeply decreasing” SA/DP levels 
within the first 3 months each comprised about 18% of patients.

Median follow-up time was 4 years (max 6 years) for the cohort with no CMDs prior T0, and 3.3 years (max 
5 years) for the cohort with no CMDs prior 1 year after AMI. Besides this, the distribution of sociodemographic 
and medical characteristics was practically the same between the two cohorts.

pre-AMi patterns of work disability and risk of cMD. “Middle increasing” levels of pre-AMI work dis-
ability over the course of 3 years were associated with a 60% higher rate of CMD while “variable” (i.e. increasing 
and decreasing levels) and “constant high” levels were associated with about a 40% increased CMD rate compared 
to individuals following “low increasing” levels of pre-AMI work disability (Table 3). Overall, pre-AMI findings 
point to moderately increasing levels of work disability over time being more strongly associated with greater 
CMD risk rather than constant high levels of work disability. Results were similar when models were adjusted 
separately and altogether for AMI-related factors and comorbidities, including somatic and mental disorders 
other than CMDs, such as bipolar disorder and schizophrenia. Overall, there was a modest attenuation in esti-
mates for the association of work disability patterns with subsequent CMDs in fully adjusted models compared 
to that in crude models.

In sensitivity analyses, similar findings were observed when we defined the CMD outcome in broader terms, 
i.e. CMD based on combined information on antidepressant use and health care diagnoses of depression, anxiety, 
and stress-related disorders (Appendix A in Supplementary Data).

post-AMi patterns of work disability and cMD risk. Post-AMI work disability patterns over the course 
of 1 year were predictive of subsequent CMD risk (Table 4). Relative to the reference group with “constant low” 
levels of work disability, those with “constant high” levels were associated with the highest rate of CMD, with a 
fully adjusted HR of 1.76. Individuals who had steeply decreasing levels of work disability—from about 30 days of 
SA/DP in the first month to no or very low work disability by the third month post-AMI—had a 35% increased 
CMD risk compared to those with “constant low” work disability levels. The group with “gradually decreasing” 
levels of post-AMI work disability was associated with a 20% lower rate of CMD compared to the reference group.

Again, sensitivity analyses were performed based on a CMD outcome measure with a broader definition. 
Regardless of how CMD was defined, the pattern of findings remained stable, with “gradually decreasing” levels 
associated with a lower risk of CMD while other trajectory groups were associated with greater CMD risk.

Figure 1. (a) Pre-acute myocardial infarction (AMI) trajectories of work disability in patients with a first AMI 
in 2008–2010 (N = 11,493); (b) Post-AMI trajectories of work disability in surviving patients within 1 year after 
the first AMI (N = 10,642). SA/DP = Sickness absence/disability pension.
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Discussion
Summary of findings. This is the first study to report that pre- and post-AMI patterns of work disability 
were associated with subsequent CMDs, even after adjustment for sociodemographic and medical factors. This 
association could be demonstrated using an exceptionally large, population-based cohort study. Pre-AMI work 
disability findings indicate that having higher absolute annual levels of SA/DP (>1–12 months) during the 3 
years prior AMI were associated with higher risk of subsequent CMD compared to “low increasing” trajectories 
of work disability. The associations between post-AMI work disability and risk of CMD represent novel findings. 
Patients with “steeply decreasing” or “constant high” post-AMI work disability trajectories showed higher risk 
for CMD; conversely, individuals following “gradually decreasing” versus “constant low” levels of work disability 
were protected against CMD.

The distribution of trajectory groups of pre-AMI work disability are comparable to that published in an earlier 
paper, wherein the majority of patients had increased annual levels of work disability up until the occurrence of 
the first AMI20. However, no study has to date, investigated work disability trajectories over a 12-month period 
after AMI and the extent to which they are linked to subsequent CMD risk, which we have shown. High levels 
of pre- and post-AMI work disability relative to lower levels were robustly associated with a poorer AMI prog-
nosis in terms of CMD risk based on main and sensitivity analyses. To the best of our knowledge this is the first 
time such an association is shown. One explanation for these findings is that the measure of SA/DP captures 
work incapacity due to a number of different diseases, which in turn are associated with higher susceptibility to 
CMD27,28. However, the aforementioned associations remained even after adjustment for potential confounding, 
including numerous somatic as well as psychiatric comorbidities, suggesting that having higher versus lower 
levels of pre-AMI work disability per se may have a modest but negative influence on CMD outcomes. Still, we 

CMD Model 1c Model 2d Model 3e Model 4f

n (%) HR (95% CI)

Trajectory groups of SA/DP during the 3 years before AMIb

Low increasing 957 (68.3) 1 1 1 1

Middle increasing 109 (7.8) 1.86
(1.53–2.27)

1.80
(1.48–2.20)

1.65
(1.35–2.02)

1.60
(1.30–1.96)

Variable 119 (8.5) 1.61
(1.33–1.95)

1.59
(1.31–1.93)

1.44
(1.18–1.75)

1.43
(1.17–1.74)

Constant high 216 (15.4) 1.69
(1.45–1.93)

1.54
(1.32–1.80)

1.49
(1.28–1.74)

1.38
(1.17–1.62)

Table 3. Hazard ratios (HR) and 95% Confidence Intervals (CI) for common mental disorders (CMDs) 
defined as antidepressant prescription following a diagnosis of AMI from inpatient care in 2008–2010 in 
Sweden in persons without prior CMDa (N = 11,493) Abbreviations: AMI = Acute myocardial infarction. SA/
DP = Sickness absence/disability pension. aFor defining the study population, CMD status prior AMI was 
based on antidepressant prescription as well as inpatient or specialised outpatient care for depression, anxiety, 
or stress-related disorders. The outcome measure for CMD (yes/no) after AMI was based on antidepressant 
prescription. bSee section for Statistical methods for details on trajectory variables. cModel 1 = Crude 
model. dModel 2 = Adjusted for sociodemographic factors. eModel 3 = Adjusted for AMI-related factors 
and medical factors: comorbidities, including somatic and other mental disorders. fModel 4 = Adjusted for 
sociodemographic, medical, and AMI-related factors.

CMD Model 1c Model 2d Model 3e Model 4f

n (%) HR (95% CI)

Trajectory groups of SA/DP during the 12 months after AMIb

Constant low 157 (20.5) 1 1 1 1

Steeply decreasing 162 (21.2) 1.43
(1.15–1.78)

1.38
(1.11–1.72)

1.41
(1.13–1.76)

1.35
(1.08–1.69)

Gradually decreasing 211 (27.6) 0.81
(0.66–1.00)

0.79
(0.64–0.98)

0.83
(0.67–1.02)

0.80
(0.65–0.99)

Constant high 235 (30.7) 2.10
(1.71–2.57)

1.92
(1.56–2.36)

1.92
(1.56–2.36)

1.76
(1.43–2.17)

Table 4. Hazard ratios (HR) and 95% Confidence Intervals (CI) for common mental disorders (CMDs) defined 
as antidepressant prescription following a diagnosis of AMI from inpatient care in 2008–2010 in Sweden 
in persons without prior CMDa (N = 10,642). Abbreviations: AMI = Acute myocardial infarction. SA/
DP = Sickness absence/disability pension. aFor defining the study population, CMD status prior AMI was 
based on antidepressant prescription as well as inpatient or specialised outpatient care for depression, anxiety, 
or stress-related disorders. The outcome measure for CMD (yes/no) after AMI was based on antidepressant 
prescription. bSee section for Statistical methods for details on trajectory variables. cModel 1 = Crude 
model. dModel 2 = Adjusted for sociodemographic factors. eModel 3 = Adjusted for AMI-related factors 
and medical factors: comorbidities, including somatic and other mental disorders. fModel 4 = Adjusted for 
sociodemographic, medical, and AMI-related factors.
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acknowledge the possibility of residual confounding as we were unable to account for undetected disorders as well 
as diagnoses made in primary care. Nonetheless, the mechanism underlying the associations may be tied to social 
isolation or lack of social engagement, which are associated with depressive symptoms15,23,29. Moreover, poorer 
health behaviour, i.e. less physical exercise, smoking, and alcohol abuse, which is influenced by social isolation 
and has been linked to sickness absence, may play a role29,30. Post-AMI associations—where higher levels of work 
disability resulted in higher rates of CMD—could be interpreted in a similar fashion. High levels of work disa-
bility after AMI may also be a marker of poor vocational rehabilitation or difficulties finding or continuing work 
when one wants to return to work after an AMI. Besides absolute levels of post-AMI work disability, the shape of 
trajectories was particularly important as a CMD determinant, which we discuss below.

Of note, with regard to the association between post-AMI work disability trajectories and CMD, “gradually 
decreasing” trajectories were associated with the lowest rate of CMD, even more so than those with “constant low” 
and “steeply decreasing” levels of work disability. “Constant low” and “steeply decreasing” levels of work disability 
may be indicative of inadequate rehabilitation time in terms of time off work after an AMI, whereas gradually 
decreasing levels may reflect the necessary time for recovery. Further scrutiny revealed that the association atten-
uated more so upon controlling for sociodemographic factors, indicating that some patients may have returned 
to work earlier than necessary, due perhaps to financial strain. This in turn may have led to an increased risk of 
subsequent CMD. Importantly, our findings support the current recommendation of 4–8 weeks of sick leave after 
an AMI without complications in Sweden4, though tapering off sick leave until month 9 to 11 after an AMI may 
be optimal for keeping CMD at bay.

Altogether, our study highlights the heterogeneity of longitudinal patterns of work disability before and after 
AMI, and sheds light on the relationship between these patterns with subsequent CMD risk, which have so far 
been unexamined in the literature.

Strengths and limitations. Strengths of the study include the prospective design, thereby eliminating risk 
of recall bias. The register-based nature of the study allowed for linkage of data between several national regis-
ters, which allowed adjustment of potential confounding factors such as relevant sociodemographic factors and 
medical conditions. The use of population-based longitudinal data of the exposure and outcome was also advan-
tageous. Moreover, with such data from the Prescribed Drug Register and the National Patient Register, we were 
able to restrict the sample to individuals without prior CMDs, thus minimizing, though not wholly, the risk of 
reverse causation for the association between work disability patterns and subsequent CMD risk. We were also 
able to perform sensitivity analyses wherein CMD was more broadly defined, which allowed for a deeper inspec-
tion of the influence of work disability as a way to reduce bias due to outcome misclassification. However, while 
registers are rich with information, we could only construct measures insofar as what the data allowed.

A limitation of the study was that our CMD measures in main and sensitivity analyses did not take into 
account primary care data, which was unavailable. Thus, there is a risk of misclassification of CMD, which may 
bias the association towards the null. Another limitation of the study had to do with the data on work disability; 
information on the first 14 days of sickness absence for employed persons is unavailable, and this may have led 
to an underestimation of the length of SA/DP. However, as we have included the patients with AMI as our study 
population, and 4–8 weeks of SA is recommended for AMI without complications in Sweden, therefore, the 
majority of them is likely to have had longer SA/DP during the post-AMI period. Moreover, this lack of informa-
tion on short term work disability, i.e. the first two weeks, is only true for employed on SA only. As we included 
both SA and DP in our analyses and mean work disability levels are ranging between much higher levels, i.e. 1 and 
12 months per year, it is unlikely that this lack of information has led to any considerable alterations in the meas-
urements. Moreover, as this lack applies to all trajectory groups, the main patterns have not been affected. Some 
unmeasured residual confounding might be present due to e.g. the lack of data on measures related to vocational 
rehabilitation or negative job exposures after an AMI. Still, introduction of such potential confounders would not 
have altered the estimates considerably as the analyses are already controlled for factors strongly associated with 
these markers, namely educational level and area of living. Finally, the examination of post-AMI work disability 
trajectories was based on a smaller population of patients who had survived for at least 1 year after the AMI; 
however, characteristics were very similar between the main and “surviving” cohorts, indicating that bias arising 
from a healthy cohort effect was unlikely.

Considering the quality of the data and the design of the study, we would consider our findings to be widely 
generalizable, however, depending upon differences in the social insurance system, which provides compensation 
for work disability, and variability in the healthcare system, one should interpret the results with caution. Further 
research considering such differences be advisable to replicate our findings.

conclusions
This is the first study to demonstrate that pre- and post-AMI patterns of work disability are associated with risk of 
subsequent CMD in AMI patients in the following 5 to 6 years. In particular, both increasing and high persistent 
levels of pre-AMI work disability are associated with higher risk of CMD, while post-AMI findings suggest that 
patients who gradually decreased their work disability had a favourable CMD prognosis. This study highlights 
the importance of capturing the longitudinal course of work disability before and after an AMI, and that these 
patterns of work disability as predictors of AMI prognosis in terms of CMD risk should be considered in clinical 
practice.

Received: 19 March 2019; Accepted: 17 October 2019;
Published online: 06 November 2019

https://doi.org/10.1038/s41598-019-52487-w


8Scientific RepoRtS | (2019) 9:16086 | https://doi.org/10.1038/s41598-019-52487-w

www.nature.com/scientificreportswww.nature.com/scientificreports/

References
 1. World Health Organisation. Global Health Estimates. 2014 Summary tables: Deaths by cause, age and sex, by WHO region, 

2000–2012 (2014).
 2. National Board of Health and Welfare (Socialstyrelsen). Statistics on Myocardial Infarctions 2015 (2017).
 3. Annual report of SWEDEHEART (Årsrapport SWEDEHEART 2010. RIKS-HIA, SEPHIA, SCAAR, Hjärtkirurgi och TA VI. In 

Swedish) (2010).
 4. National Board of Health and Welfare (Socialstyrelsen). Basis for descision in insurance medicine (försäkringsmedicinskt beslutstöd) 

http://www.socialstyrelsen.se/riktlinjer/forsakringsmedicinsktbeslutsstod (2015).
 5. Steel, Z. et al. The global prevalence of common mental disorders: a systematic review and meta-analysis 1980-2013. International 

journal of epidemiology 43, 476–493, https://doi.org/10.1093/ije/dyu038 (2014).
 6. Ariyo, A. A. et al. Depressive symptoms and risks of coronary heart disease and mortality in elderly Americans. Cardiovascular 

Health Study Collaborative Research Group. Circulation 102, 1773–1779 (2000).
 7. Gustad, L. T., Laugsand, L. E., Janszky, I., Dalen, H. & Bjerkeset, O. Symptoms of anxiety and depression and risk of acute myocardial 

infarction: the HUNT 2 study. European Heart Journal 35, 1394–1403, https://doi.org/10.1093/eurheartj/eht387 (2014).
 8. Janszky, I., Ahlbom, A., Hallqvist, J. & Ahnve, S. Hospitalization for depression is associated with an increased risk for myocardial 

infarction not explained by lifestyle, lipids, coagulation, and inflammation: the SHEEP Study. Biological psychiatry 62, 25–32, https://
doi.org/10.1016/j.biopsych.2006.08.039 (2007).

 9. Egede, L. E., Nietert, P. J. & Zheng, D. Depression and all-cause and coronary heart disease mortality among adults with and without 
diabetes. Diabetes care 28, 1339–1345 (2005).

 10. Kendler, K. S., Gardner, C. O., Fiske, A. & Gatz, M. Major depression and coronary artery disease in the Swedish twin registry: 
phenotypic, genetic, and environmental sources of comorbidity. Archives of general psychiatry 66, 857–863, https://doi.org/10.1001/
archgenpsychiatry.2009.94 (2009).

 11. Walker, E. R., McGee, R. E. & Druss, B. G. Mortality in Mental Disorders and Global Disease Burden Implications: A Systematic 
Review and Meta-analysis. JAMA psychiatry 72, 334–341, https://doi.org/10.1001/jamapsychiatry.2014.2502 (2015).

 12. Social Insurance Agency. Sjukskrivning för reaktioner på svår stress ökar mest [Sick leave for reactions to severe stress is increasing 
the most]. Psykisk ohälsa (2016).

 13. OECD Sick on the Job? Myths and Realities about Mental Health and Work. Mental Heath and Work, OECD Publishing (2012).
 14. Harvey, S. B., Henderson, M., Lelliott, P. & Hotopf, M. Mental health and employment: much work still to be done. The British 

journal of psychiatry: the journal of mental science 194, 201–203, https://doi.org/10.1192/bjp.bp.108.055111 (2009).
 15. Henderson, M., Harvey, S. B., Øverland, S., Mykletun, A. & Hotopf, M. Work and common psychiatric disorders. Journal of the Royal 

Society of Medicine 104, 198–207, https://doi.org/10.1258/jrsm.2011.100231 (2011).
 16. Hare, D. L., Toukhsati, S. R., Johansson, P. & Jaarsma, T. Depression and cardiovascular disease: a clinical review. European Heart 

Journal 35, 1365–1372, https://doi.org/10.1093/eurheartj/eht462 (2014).
 17. Wikman, A., Bhattacharyya, M., Perkins-Porras, L. & Steptoe, A. Persistence of posttraumatic stress symptoms 12 and 36 months 

after acute coronary syndrome. Psychosomatic medicine 70, 764–772, https://doi.org/10.1097/PSY.0b013e3181835c07 (2008).
 18. Mittendorfer-Rutz, E., Ivert, T., Vaez, M. & Dorner, T. E. Synergistic effect between ischaemic heart disease and common mental 

disorders and the risk of premature exit from the labour market: a nationwide register based study from Sweden. European Heart 
Journal 39, 578–585, https://doi.org/10.1093/eurheartj/ehx183 (2018).

 19. Ervasti, J. et al. Permanent work disability before and after ischaemic heart disease or stroke event: a nationwide population-based 
cohort study in Sweden. BMJ Open 7, e017910, https://doi.org/10.1136/bmjopen-2017-017910 (2017).

 20. Wang, M. et al. Trajectories and characteristics of work disability before and after acute myocardial infarction. Heart (British 
Cardiac. Society) 104, 340–348, https://doi.org/10.1136/heartjnl-2017-311950 (2018).

 21. Perk, J. & Alexanderson, K. Swedish Council on Technology Assessment in Health Care (SBU). Chapter 8. Sick leave due to coronary 
artery disease or stroke. Scand J Public Health Suppl. 63, 181–206, https://doi.org/10.1080/14034950410021880 (2004).

 22. Hambraeus, K., Tydén, P. & Lindahl, B. Time trends and gender differences in prevention guideline adherence and outcome after 
myocardial infarction: Data from the SWEDEHEART registry. Eur. J Prev Cardiol 23, 340–348, https://doi.org/10.1177/2047487315585293 
(2015).

 23. Helgesson, M. et al. Trajectories of work disability and unemployment among young adults with common mental disorders. BMC 
public health 18, 1228–1228, https://doi.org/10.1186/s12889-018-6141-y (2018).

 24. Larsen, K. K., Christensen, B., Nielsen, T. J. & Vestergaard, M. Post-myocardial infarction anxiety or depressive symptoms and risk 
of new cardiovascular events or death: a population-based longitudinal study. Psychosom Med 76, 739–746, https://doi.org/10.1097/
psy.0000000000000115 (2014).

 25. National Board of Health and Welfare (NBHW, S. Basis for descision in insurance medicine (försäkringsmedicinskt beslutstöd), 
http://www.socialstyrelsen.se/riktlinjer/forsakringsmedicinsktbeslutsstod (2015).

 26. Jones, B. L., Nagin, D. S. & Roeder, K. A SAS Procedure Based on Mixture Models for Estimating Developmental Trajectories. Sociol. 
Methods Res. 29, 374–393, https://doi.org/10.1177/0049124101029003005 (2001).

 27. Jansson, C. & Alexanderson, K. Sickness absence due to musculoskeletal diagnoses and risk of diagnosis-specific disability pension: 
a nationwide Swedish prospective cohort study. Pain 154, 933–941, https://doi.org/10.1016/j.pain.2013.03.001 (2013).

 28. Virtanen, M. et al. Work disability before and after a major cardiovascular event: a ten-year study using nationwide medical and 
insurance registers. Scientific Reports 7, 1142, https://doi.org/10.1038/s41598-017-01216-2 (2017).

 29. Cornwell, E. Y. & Waite, L. J. Social disconnectedness, perceived isolation, and health among older adults. Journal of health and social 
behavior 50, 31–48, https://doi.org/10.1177/002214650905000103 (2009).

 30. Allebeck, P. & Mastekaasa, A. Chapter 5. Risk factors for sick leave - general studies. Scandinavian Journal of Public Health 32, 
49–108, https://doi.org/10.1080/14034950410021853 (2004).

Acknowledgements
Swedish Research Council (2015-02292). The funder did not take any part in planning/designing or conducting 
this study. Open access funding provided by Karolinska Institute.

Author contributions
Kathleen Bokenberger: designed, performed statistical analysis, drafted the manuscript, made critical revision 
of the manuscript for key intellectual content. Syed Rahman: made critical revision of the manuscript for key 
intellectual content. Mo Wang: performed statistical analysis, made critical revision of the manuscript for key 
intellectual content. Marjan Vaez: made critical revision of the manuscript for key intellectual content. Thomas 
E. Dorner: made critical revision of the manuscript for key intellectual content. Magnus Helgesson: made critical 
revision of the manuscript for key intellectual content. Torbjörn Ivert: made critical revision of the manuscript 
for key intellectual content. Ellenor Mittendorfer-Rutz: designed, made critical revision of the manuscript for key 
intellectual content.

https://doi.org/10.1038/s41598-019-52487-w
http://www.socialstyrelsen.se/riktlinjer/forsakringsmedicinsktbeslutsstod
https://doi.org/10.1093/ije/dyu038
https://doi.org/10.1093/eurheartj/eht387
https://doi.org/10.1016/j.biopsych.2006.08.039
https://doi.org/10.1016/j.biopsych.2006.08.039
https://doi.org/10.1001/archgenpsychiatry.2009.94
https://doi.org/10.1001/archgenpsychiatry.2009.94
https://doi.org/10.1001/jamapsychiatry.2014.2502
https://doi.org/10.1192/bjp.bp.108.055111
https://doi.org/10.1258/jrsm.2011.100231
https://doi.org/10.1093/eurheartj/eht462
https://doi.org/10.1097/PSY.0b013e3181835c07
https://doi.org/10.1093/eurheartj/ehx183
https://doi.org/10.1136/bmjopen-2017-017910
https://doi.org/10.1136/heartjnl-2017-311950
https://doi.org/10.1080/14034950410021880
https://doi.org/10.1177/2047487315585293
https://doi.org/10.1186/s12889-018-6141-y
https://doi.org/10.1097/psy.0000000000000115
https://doi.org/10.1097/psy.0000000000000115
http://www.socialstyrelsen.se/riktlinjer/forsakringsmedicinsktbeslutsstod
https://doi.org/10.1177/0049124101029003005
https://doi.org/10.1016/j.pain.2013.03.001
https://doi.org/10.1038/s41598-017-01216-2
https://doi.org/10.1177/002214650905000103
https://doi.org/10.1080/14034950410021853


9Scientific RepoRtS | (2019) 9:16086 | https://doi.org/10.1038/s41598-019-52487-w

www.nature.com/scientificreportswww.nature.com/scientificreports/

competing interests
The authors declare no competing interests.

Additional information
Supplementary information is available for this paper at https://doi.org/10.1038/s41598-019-52487-w.
Correspondence and requests for materials should be addressed to S.R.
Reprints and permissions information is available at www.nature.com/reprints.
Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2019

https://doi.org/10.1038/s41598-019-52487-w
https://doi.org/10.1038/s41598-019-52487-w
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Work disability patterns before and after incident acute myocardial infarction and subsequent risk of common mental disorde ...
	Aim
	Methods
	Study design and population. 
	Register data. 
	CMD measures. 
	Work disability. 
	Covariate measures. 
	Statistical methods. 
	Ethical approval. 
	Informed consent. 

	Results
	Characteristics of AMI patients. 
	Pre-AMI patterns of work disability and risk of CMD. 
	Post-AMI patterns of work disability and CMD risk. 

	Discussion
	Summary of findings. 
	Strengths and limitations. 

	Conclusions
	Acknowledgements
	Figure 1 (a) Pre-acute myocardial infarction (AMI) trajectories of work disability in patients with a first AMI in 2008–2010 (N = 11,493) (b) Post-AMI trajectories of work disability in surviving patients within 1 year after the first AMI (N = 10,642).
	Table 1 Sociodemographic characteristics of the main cohort of patients with a diagnosis of AMI from inpatient care during 2008–2010 in Sweden.
	Table 2 Medical and AMI-related factors of all patients with a diagnosis of AMI from inpatient care during 2008–2010 in Sweden.
	Table 3 Hazard ratios (HR) and 95% Confidence Intervals (CI) for common mental disorders (CMDs) defined as antidepressant prescription following a diagnosis of AMI from inpatient care in 2008–2010 in Sweden in persons without prior CMDa (N = 11,493).
	Table 4 Hazard ratios (HR) and 95% Confidence Intervals (CI) for common mental disorders (CMDs) defined as antidepressant prescription following a diagnosis of AMI from inpatient care in 2008–2010 in Sweden in persons without prior CMDa (N = 10,642).




