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ABSTRACT
Objectives The purpose of this study was to
investigate whether psychosocial stress defined as high
strain based on the job demand–control model increases
risk for atrial fibrillation.
Methods The present study comprised 6035 men born
between 1915 and 1925 and free from previous
coronary heart disease, atrial fibrillation and stroke at
baseline (1974–1977). Work-related psychosocial stress
was measured using a job-exposure matrix for the job
demand–control model based on occupation at baseline.
The participants were followed from baseline
examination until death, hospital discharge or 75 years
of age, using the Swedish national register on cause of
death and the Swedish hospital discharge register for
any registration for atrial fibrillation, resulting in the
identification of 436 cases. Data were analysed with Cox
regression models with atrial fibrillation as the outcome
using high strain as the explanatory variable adjusted for
age, smoking, body mass index, hypertension, diabetes
and socioeconomic status.
Results There was an increased risk for atrial fibrillation
in relation to high strain (HR 1.32, 95% CI 1.003 to 1.75).
When the four categories of the job-strain model were
included and low strain was used as reference, the risk for
high strain decreased (HR 1.23, 95% CI 0.84 to 1.82).
Conclusions Exposure to occupational psychosocial
stress defined as high strain may be associated with
increased risk for atrial fibrillation. The observed increase in
risk is small and residual confounding may also be present.

INTRODUCTION
Exposure to psychosocial stress in the workplace is
associated with increased risk for conditions such
as coronary heart disease and depression.1 2 The
job demand–control model has been used most to
study work place-related stress.3 In this model, the
combination of high demands and low decision
latitude at work, high strain, was postulated to be a
risk factor for cardiovascular disease. Many studies
demonstrate that high strain is associated with an
increased risk of coronary heart disease.1 4

Atrial fibrillation is the most common cardiac
arrhythmia, with the life-time risk shown to be
about one in four in a US population.5 Atrial fibril-
lation is associated with significant morbidity and
mortality, including a four- to fivefold increased
risk for stroke, and a significant risk for premature
mortality.6 7 Many potential modifiable risk factors
for atrial fibrillation have been described.8 9

Previous studies have concluded that hypertension,
large body size and, to some extent, smoking

increase the risk for atrial fibrillation.10 However,
psychosocial factors so far have received little atten-
tion, particularly the evidence linking exposure to
psychosocial stress in the workplace and atrial fib-
rillation. In the Framingham Offspring Study, a
prospective analysis showed that symptoms of
anger and hostility at baseline were associated with
an increased risk of developing atrial fibrillation,
mainly among men.11 12 To the best of our knowl-
edge there are no longitudinal general population
studies analysing the impact of psychosocial stress
at work and the risk of atrial fibrillation.
The aim of the present analyses was to investi-

gate whether psychosocial stress based on the job
demand–control model increased the risk for atrial
fibrillation, based on a longitudinal general
population-based study of 6035 Swedish men.

METHODS
Study population
The Primary Prevention Study (PPS) is a
population-based cohort study from Gothenburg,
Sweden.13 The initial study population was a
random sample of 10 000 men born between 1915
and 1925. Of those, 7494 men (75% of the
sample) participated in screening examinations
between January 1970 and March 1973.9 14 Three
years later, in 1974–1977, a follow-up investigation
involving 7133 men was carried out. In the present
study we used data from the follow-up investiga-
tion, because there were complete occupational
data from this follow-up. All participants gave their
informed consent to participate in the study and it
was approved by the Ethics Committee for Medical
Research at Gothenburg University.
Occupation at baseline (1974–1977) was classi-

fied at three-digit level according to the Nordic
Classification of Occupations, NYK-74.15 For asses-
sing psychosocial workplace exposure, we used a
previously published job-exposure matrix
( JEM).16 17 This JEM was developed in the late
1970s based on information from large Swedish
population surveys where around 12 000 randomly
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▸ Men with high strain may have an increased
risk for atrial fibrillation.

▸ The observed risk is small and residual
confounding may be present.

▸ This is the first longitudinal general
population-based study in this field.
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selected subjects aged 25–74 years were classified according to
psychological demands and decision latitude. The JEM provides
separate estimates of demand and control for 261 occupations
separated into gender and age (25–44 and 45–74).

Psychological job demands were explored with four items and
decision latitude was explored with seven items. All items were
scored using a scale,1–10 with a score of 10 indicating high psy-
chological demands or high decision latitude, respectively. Each
subject was assigned a score based on occupation and age. The
scores were then dichotomised into high and low, using the
median of the distribution as cut-off. Combining demand and
control with the median cut-offs divides the participants into
four categorical quadrants: high strain (high demand–low
control), active (high demand–high control), passive (low
demand–low control) and low strain (low demand–high control).

At baseline, information was collected about age, country of
birth (Sweden/other), body mass index (BMI), systolic blood
pressure, diastolic blood pressure, use of antihypertensive medi-
cation (yes/no), history of diabetes (yes/no), coronary heart
disease (yes/no), atrial fibrillation (yes/no), stroke (yes/no),
smoking and socioeconomic status (white collar or blue collar
worker) as previously described.14 18 Hypertension was defined
as systolic blood pressure >140 mm Hg or diastolic blood pres-
sure >90 mm Hg or receiving antihypertensive treatment. An
ECG was registered.

Based on unique personal identification numbers, the subjects
were matched with the Swedish national register on cause of
death and the Swedish hospital discharge register. The hospital
discharge register has operated on a nationwide basis since 1987,
while all discharges from Gothenburg hospitals have been
entered in the national register since 1970 (except for 1976,
because of a legislative change for that year). The International
Classification of Disease (ICD) codes listed in the registries were
used to identify events with atrial fibrillation (both non-fatal and
fatal events) during the entire follow-up period. The eighth
version of the ICD code was used until 1986, ICD-9 was used
from 1987 to 1996, and ICD-10 was used from 1997 onwards.
Atrial fibrillation was defined as ICD codes 427.92, 427D or I48.

Subjects with a history of coronary heart disease or stroke at
baseline were excluded, as were men with a previous hospitalisa-
tion discharge code of atrial fibrillation or an ECG showing
atrial fibrillation, resulting in a study population of 6035 sub-
jects (table 1).

Statistical analysis
Descriptive statistics are presented as percentages or mean
values with SDs. The SAS statistical package (V.9.3) was used for
most of the analyses. The data were analysed with Cox regres-
sion models using SAS (PROC PHREG). The proportional
hazards assumptions were investigated using tests based on
cumulative sums of martingale residuals,19 and were found rea-
sonable for all models. Hospital care or death (whichever came
first) from atrial fibrillation were events and time was measured
as months since baseline. Subjects dying of other causes were
censored at the time of death. The observation period stopped
at the age of 75, but a separate analyses was performed for age
<65 years. In the full model, HRs were calculated using high
strain based on the job demand–control model with adjustments
for age, smoking, BMI, hypertension, diabetes and socio-
economic status at baseline. There was also one model with
5 years of latency time, that is, excluding subject with any event
occurring during the first 5 years during follow-up. Smoking
was categorised as never-smoking, former smoking, starter
during follow-up, current smoking and unknown smoking

habits. There was also one model using all four categories of the
job-strain model using low strain as the reference category, as
well as models with demand and control as continuous vari-
ables. In the model with the continuous variables, the inter-
action between demand and control was tested using a
multiplicative term included as a covariate.20

RESULTS
Over the follow-up period, there were 436 events due to atrial
fibrillation (table 1). Among all subjects, 11.1% were classified
as exposed to high strain, with 13.8% of those with atrial fibril-
lation classified as exposed to high strain. In a fully adjusted
model, there was an increased risk for atrial fibrillation in rela-
tion to high strain (HR 1.32, 95% CI 1.003 to 1.75) (table 2).
There was also an increased risk for atrial fibrillation among

Table 2 HRs of atrial fibrillation in relation to work-related
psychosocial stress in a longitudinal general population-based study
of 6070 Swedish men

Variable HR 95% CI

High strain* 1.32 1.003 to 1.75
Current smoking† 1.15 0.90 to 1.45
Former smoking† 1.18 0.92 to 1.51
Starter† 0.68 0.33 to 1.40
Unknown† 0.82 0.49 to 1.39
Blue collar‡ 1.02 0.84 to 1.24
Hypertension‡ 1.56 1.26 to 1.93
Body mass index§ 1.04 1.01 to 1.07
Diabetes‡ 1.30 0.74 to 2.27

The results are from the whole population adjusted for age, smoking, socioeconomic
status, hypertension, body mass index and diabetes.
*Versus others.
†Versus never smoking.
‡Yes versus no.
§Per unit (kg/m2).

Table 1 Descriptive data of the population

High strain Other Overall

N (%) 668 (11.1) 5367 (88.9) 6035 (100)
Age, years 55.3 (2.0) 55.3 (2.1) 55.3 (2.1)
Cholesterol 6.45 (0.9) 6.40 (1.04) 6.40 (1.05)
Systolic blood pressure, mm Hg 147.2 (20.5) 145.9 (19.5) 146.0 (19.6)
Body mass index 25.6 (3.3) 25.7 (3.2) 25.6 (3.7)
Diabetes, % (n) 3.6 (24) 2.7 (144) 2.8 (168)
Hypertension, % (n) 23.5 (157) 21.8 (1171) 22.7 (1328)
Hypertensive medication, % (n) 16.3 (109) 14.5 (777) 14.7 (886)
White collar job, % (n) 26.3 (178) 53.2 (2855) 50.2 (3033)
Self-reported stress at baseline, % 36.3 (234) 36.7 (1925) 36.7 (2159)
Smoking status, % (n)
Never 21.1 (141) 24.0 (1289) 23.7 (1430)
Current 44.8 (299) 36.8 (1973) 37.6 (2272)
Quitter 26.8 (179) 31.7 (1700) 31.1 (1879)
Starter 2.7 (18) 2.9 (154) 2.9 (172)
Unknown 4.6 (31) 4.7 (251) 4.7 (282)

Number (%) of events 60 (9.0) 376 (7.0) 436 (7.2)
Age at event 68.2 (5.2) 68.5 (4.9) 68.5 (4.9)
Follow-up time, years 16.5 (4.9) 16.9 (4.8) 16.8 (4.8)

Values are mean (SD) unless otherwise noted.
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those with hypertension, and BMI was positively associated
with an increased risk for atrial fibrillation (table 2).

When age until follow-up was restricted to 65 years, relative
risks were similar but due to lack of power all estimates were
without statistical significance. The overall estimate was 1.32
(95% CI 0.71 to 2.28). In the additional analyses in subjects
with 5 years of latency time, the results were similar as the risk
for atrial fibrillation among subjects with high strain was 1.29
(95% CI 0.95 to 1.71).

In fully adjusted models with the four categories of the job-
strain model, there were no significant findings when low strain
was used as the reference category (table 3). The highest risk
was among those with high strain (HR 1.23, 95% CI 0.84 to
1.82). When modelling demands and control as continuous
variables, there were no statistically significant results for either
decreasing control (HR 1.01, 95% CI 0.93 to 1.10) or increas-
ing demands (HR 0.98, 95% CI 0.83 to 1.67). The multiplica-
tive interaction term was not statistically significant (p=0.43).

The five most common occupations in the high strain group
were local transport drivers (19.2%), bus drivers (14.3%),
primary education teachers (6.3%), dockers and freight handlers
(5.1%) and bakers (4.3%).

DISCUSSION
In this study we found that exposure to high strain was asso-
ciated with an increased risk for atrial fibrillation. The risk esti-
mates were only moderately increased, and not statistically
significant in the full multivariable analysis. Additionally,
residual confounding by unknown factors that we did not
measure has to be considered.

However, this study has several methodological strengths,
including a general population design with a long follow-up and
use of a national mortality register and hospital discharge regis-
ter with high coverage. Work-related psychosocial stress was
estimated using the reported occupations. Such information is
probably less biased than self-reports of demand and control.
One important limitation, however, is that the assessment of
work-related psychosocial stress was measured only once, at
baseline. However, the subjects studied were in their 50s at base-
line, indicating that they were probably relatively stable in their
occupations. One further limitation is that the study consisted
only of men, which limits the external validity. In the study, the
risk associated with high strain was analysed in relation to all
other subjects. In previous analysis, all job demand-control
quadrants were studied.14 However, in the present study, due to
fewer cases, there was insufficient power to use all four quad-
rants in the analyses.

The mechanisms behind atrial fibrillation include inflamma-
tion, structural remodelling of the atrium and atrial fibrosis.21

Such processes will be clinically silent for a number of years.
The subjects in the present study were followed until 75 years
of age with one subanalysis censored at age 65. The risk esti-
mates were similar in both approaches, indicating that the
increased risk is also present after the subjects have stopped
working. Some subjects may have retired before 65 years of age,
but we do not have access to that information.

The results from the present study indicate that work-related
psychosocial stress defined as high strain may be associated with
increased risk for atrial fibrillation. However, the risks are small
and residual confounding may be present. Hence, this finding
should be confirmed in further studies, as we have not identified
any general population-based study reporting this observation.
There is probably a publication bias as studies with no or weak
associations may have not be published, as has been shown for
job strain and coronary heart disease.22 This study reflects
exposure conditions in the last 30 years, but is probably also
relevant for current conditions. The most common occupations
in our study classified as having high strain were lorry drivers,
bus drivers, freight handlers, bakers and teachers. Professional
driving has long been linked to cardiovascular diseases such as
stroke and coronary heart disease.23

Some studies have shown an increased risk for atrial fibrilla-
tion associated with long-term practice of endurance sports, and
it has been speculated that this is related to a chronic volume
and pressure overload caused by increased physical activity.24–26

One may speculate that long-term psychosocial stress (high
strain) may cause similar effects. However, the present finding
has to be confirmed in future longitudinal studies.

CONCLUSIONS
Exposure to occupational psychosocial stress defined as high
strain may be associated with increased risk for atrial fibrillation.
The observed increase in risk is small and residual confounding
may be present.
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