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ABSTRACT
Objectives The aim of this study is to assess (1) whether
lifestyle risk factors are related to work ability and sick
leave in a general working population over time, and (2)
these associations within specific disease groups (ie,
respiratory diseases, cardiovascular disease and diabetes,
and mental illness).
Setting Telemark county, in the south-eastern part of
Norway.
Design Longitudinal study with 5 years follow-up.
Participants The Telemark study is a longitudinal study
of the general working population in Telemark county,
Norway, aged 16 to 50 years at baseline in 2013 (n=7952)
and after 5-year follow-up.
Outcome measure Self-reported information on work
ability (moderate and poor) and sick leave (short-term and
long-term) was assessed at baseline, and during a 5-year
follow-up.
Results Obesity (OR=1.64, 95% CI: 1.32 to 2.05) and
smoking (OR=1.62, 95% CI: 1.35 to 1.96) were associated
with long-term sick leave and, less strongly, with short-
term sick leave. An unhealthy diet (OR=1.57, 95% CI: 1.01
to 2.43), and smoking (OR=1.67, 95% CI: 1.24 to 2.25)
were associated with poor work ability and, to a smaller
extent, with moderate work ability. A higher lifestyle risk
score was associated with both sick leave and reduced
work ability. Only few associations were found between
unhealthy lifestyle factors and sick leave or reduced work
ability within disease groups.
Conclusion Lifestyle risk factors were associated with
sick leave and reduced work ability. To evaluate these
associations further, studies assessing the effect of
lifestyle interventions on sick leave and work ability are
needed.

BACKGROUND
As in most European countries, the old-age
dependency ratio is expected to increase in
Norway. It is projected that by 2030 every
person of working age will have to support
almost 0.4 persons aged over 65 years.1 The
Norwegian authorities are therefore seeking
to increase the duration of participation in
paid employment.2 The Norwegian welfare

Strengths and limitations of this study
►► The study included 6267 subjects from the general

working population in Telemark, Norway, with information on work ability and sick leave at baseline and
5-year follow-up.
►► Inclusion of several lifestyle-
related factors (diet,
physical activity, body mass index and smoking) allowed to explore the association between both the
exposure to a single lifestyle risk factor as well as
to multiple lifestyle risk factors and work ability and
sick leave.
►► The study reflects the general working population,
and thus included participants both from a broad
spectre of adults with different sociodemographic
backgrounds.
►► The study relies on self-reports which can introduce
information bias in the study.

state is known for its generous insurance
coverage. At the same time, Norway has a
high level of sick leave compared with other
northern European countries (2.4% of gross
domestic product allocated to sick leave).3
Low work ability, defined as the degree to
which a worker is physically and mentally able
to cope with the demands at work,4 has also
been related to long-term sickness absence
and disability benefits.5 Unhealthy lifestyle
behaviours are potentially modifiable risk
factors. Hence, promoting a healthy lifestyle
among workers may enhance work ability
and the potential to stay in work, and thereby
promote longer work participation.6
Several longitudinal studies have explored
the association between lifestyle-related risk
factors and sick leave. Concerning sick leave,
there is convincing evidence of an association
between high body mass index (BMI) and
sick leave.7 8 Further, prospective studies have
indicated an association between low physical activity and sick leave9–11 and between
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smoking and sick leave.12–14 Few longitudinal studies have
assessed the association between lifestyle risk factors and
work ability. The available studies have shown associations between high BMI and low work ability.15–17 Moreover, a systematic review of six longitudinal studies (all
Finnish) found that overweight, obesity, physical activity
and smoking were associated with low work ability in a
wide range of occupational groups.6 Lastly, a systematic
evaluation of interventions aimed at improving physical
activity among workers reported increased work ability
compared with control groups.18
Despite evidence that lifestyle risk factors tend to
cluster,19 20 only a limited number of studies have explored
the association between exposure to several lifestyle
risk factors and sick leave and work ability in a general
working population. We have previously reported on an
association between multiple lifestyle risk factors and low
work ability in a cross-sectional study.21 Moreover, few
studies have explored the relationship between lifestyle
risk factors and work ability or sick leave within specific
chronic disease groups.22 23 Non-communicable disease
such as mental illness, respiratory diseases and cardiovascular diseases are among the leading causes of sickness
absence in Norway.24 Insight into the associations between
an unhealthy lifestyle, sick leave and reduced work ability
both within the general population and within specific
common chronic disease groups is needed in order to
design effective interventions to increase work ability and
reduce sick leave.
The aim of this longitudinal study is (1) to assess
whether lifestyle risk factors are related to work ability
and sick leave in a general working population over time,
and (2) to study these associations within specific disease
groups (ie, respiratory diseases, cardiovascular disease
and diabetes, and mental illness).

METHODS
Study design and population
The study is based on data from the longitudinal, general
population based, Telemark study conducted in south-
eastern Norway in 2013 (baseline). A random sample of
50 000 residents aged 16 to 50 years in Telemark received
a postal questionnaire in 2013 (baseline). In total, 16 099
persons responded (33% response), and 7952 (49%) also
completed the questionnaire at 5-year follow-up (2018).
Of these, 7510 respondents answered the questions
regarding sick leave and work ability score (WAS) and
were included in the study. Persons who were not engaged
in paid work at baseline or follow-up were excluded. This
resulted in a study sample of 6267 subjects.
Dependent variables
Sick leave: Sick leave was defined at baseline and
follow-up as one or more days of sick leave in the previous
12 months (‘Have you been on sick leave during the past
12 months?’). A follow-up question was also asked: ‘If
yes, for how many days?’(1–7 days, 8–14 days, 15 days–12
2

weeks, more than 12 weeks). A dichotomous variable was
constructed to assess the presence of sick leave (at least
1 day of sick leave in the past 12 months vs no sick leave).
Finally, the duration of sick leave was categorised as
‘none’ (0 days), ‘short-term’ (1–14 days) and ‘long-term’
(≥15 days).
Work ability: The first item of the work ability index, the
work ability score,25 was used to assess self-rated current
work ability at baseline and follow-up. The participants
answered the question: ‘How do you rate your current
work ability compared with your lifetime best’, where
a score of 0 represents complete work disability and a
score of 10 represents work ability at its best.25 First, the
outcome was dichotomised, defining a WAS of 7 or lower
as low work ability and a WAS of 8 or higher as good work
ability.25 Second, the level of work ability was categorised
as ‘poor’ (WAS 0–5), ‘moderate’ (WAS 6–7) or ‘good’
(WAS 8–10).26
Independent variables
Lifestyle risk factors
Self-
reported information on lifestyle risk factors was
collected at baseline.
Diet
Dietary information was collected using validated food
frequency questions previously used in the Norwegian population-
based Nord-
Trøndelag Health Study
(HUNT3) (2006–2008).27 28 To reflect adherence to
general dietary advice, a dietary sum score was calculated
for each participant based on the recommended intake
of fruit and vegetables, fat fish, sausages/hamburgers and
chocolate/candies.21 The total score for each participant
(scale 0–4) was calculated by summarising their scores
on the four indicators, reflecting the number of dietary
recommendations met.29 The responses were coded 0
(not meeting the recommendations) and 1 (meeting the
recommendations). The diet score was further divided
into three categories: ‘unhealthy diet’ (0–1), ‘average
diet’ (2) and ‘healthy diet’ (3–4).
Physical activity
Moderate to vigorous leisure-
time physical activity
(MVPA) was determined using questions and cut-
off
points covering frequency, intensity and duration of exercise, previously validated and used in the HUNT1 (1984–
1986) and HUNT3 (2006–2008) studies.30 To reflect
recommendations on adult MVPA (≥150 min/week),31
the responses regarding frequency, intensity and duration were combined into a total MVPA score, according
to which ‘low MVPA’ was defined as less than 60 min per
week, ‘moderate MVPA’ as between 60 min and 150 min
per week and ‘high MVPA’ as 150 min or more weekly.
Body mass index
Body mass index was calculated based on self-reported
height and weight and divided into BMI categories in
accordance with the WHO’s cut-offs for adults:32 ‘underweight’ (<18.5 kg/m2), ‘normal weight’ (18.5–24.9 kg/
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m2), ‘overweight’ (25–29.9 kg/m2) and ‘obese’ (≥30 kg/
m2). Due to the low prevalence of underweight persons
(1%), these participants were combined with the participants in the normal weight group.
Smoking
Smoking habits were divided into three categories,
denoted ‘current smoker’ (every day and occasional
smoking combined), ‘former smoker’ and ‘never
smoked’.
Lifestyle risk index
An overall lifestyle risk index was constructed combining
multiple lifestyle risk factors (including BMI). The individual lifestyle factors were given weighted risk scores:
0 (low health risk; healthy diet, ≥150 min/week physical activity, normal weight and never smoked), 0.5
(intermediate health risk; average diet, overweight,
between 60 and 150 min physical activity per week and
former smoker) and 1 (high health risk; unhealthy
diet,<1 hour/weekly physical activity, obesity and
current smoker). The sum of these scores provided a
total index ranging from 0 to 4. This lifestyle risk index
was divided into four categories: ‘low risk score’ (total
score 0–0.5), ‘medium risk score’ (total score 1–1.5),
‘high risk score’ (total score 2–2.5) and ‘very high risk
score’ (total score 3–4).
Disease groups
Information on specific diseases was collected by self-
reporting at baseline.
Respiratory disease
Participants were defined as having respiratory disease if
they responded affirmatively to any of the following questions: ‘Has a physician ever diagnosed you with asthma?’;
‘Has a physician told you that you have chronic obstructive pulmonary disease?’; ‘Do you have, or have you ever
had, any of disease/complaints: other chronic respiratory
disease other than asthma or chronic obstructive pulmonary disease?’.
Cardiovascular disease and diabetes
Participants were defined as having cardiovascular disease
(CVD) if they answered yes to the following question: ‘Do
you have, or have you ever had, any of disease/complaints:
heart attack/angina pectoris, congestive heart failure,
stroke/brain haemorrhage or heart arrhythmia atrial
fibrillation?’. Participants were defined as having diabetes
if they responded affirmatively to the question, ‘Has a
physician ever diagnosed you with diabetes?’. Further,
diabetes and cardiovascular disease were combined due
to the close links between the two diseases.33
Mental illness
Participants were categorised as having had a mental
illness if they responded affirmatively to the question,
‘Have you ever had mental problems that you have sought
help for?’.
De Bortoli MM, et al. BMJ Open 2021;11:e045678. doi:10.1136/bmjopen-2020-045678

Covariates
At baseline, information was obtained on sex, age and
educational level. Age was treated as a continuous variable. Educational level was categorised as ‘low’ (primary
school or lower secondary education), ‘intermediate’
(upper secondary and certificate) and ‘high’ (university
or university college).
Statistical analysis
Descriptive statistics were presented as frequencies, with
a proportion for categorical data and a mean with SD for
continuous variables. Missing values for independent variables (diet, physical activity, BMI and smoking) and education were dealt with by a multiple imputation procedure
which generated five imputed data sets. The percentage
of missing values ranged from 0.5% for smoking to 17%
for BMI. The imputation model included the covariates
(age; sex), disease groups and dependent variables (sick
leave and WAS at baseline) as predictors for independent
variables to improve the imputation.
χ2 tests were used to assess whether there were statistically significant associations between the independent
variables. χ2 tests were also used to explore whether sickness absence and work ability were associated.
To explore the association between lifestyle-
related
factors at baseline and duration of sick leave and level
of WAS at follow-
up, multinomial logistic regression
analyses were performed. No sick leave and a WAS of
8 to 10 were used as reference categories, respectively.
Separate models were used for each of the five lifestyle
risk factors (diet, physical activity, BMI, smoking and
lifestyle risk index score). All models were adjusted for
age, sex, educational level and the dependent variable
at baseline.
Similar analyses were performed to study the associations among participants in the disease groups. Due to
lack of statistical power, sick leave and WAS were dichotomised as presence of (vs no) sick leave and low (vs good)
work ability, respectively. Binary logistic regression analyses were performed to assess the association between
lifestyle-related factors and, separately, presence of sick
leave or a low WAS within each disease group. All analyses were adjusted for age, sex, educational level and the
dependent variables at baseline. Results of multinomial
and binary logistic regression analyses were presented as
ORs with 95% CIs.
Population attributable fractions (PAF) were calculated
to estimate the contribution of lifestyle risk factors to sick
leave and low work ability.34
As a sensitivity analysis, the analyses were repeated for
individuals with complete information on all the independent variables, dependent variables and employment
status (n=5206).
In all analyses, statistical significance was defined as
p<0.05. The statistical analyses were carried out using
IBM SPSS Statistics for Windows, V.26.
3
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Patient and public involvement
The Telemark study includes user-representatives in the
study planning, design and transfer of knowledge. Also an
user-representative is member of the steering committee
and has yielded valuable insights in development of
questionnaires. All the results from the Telemark study
is distributed to both study participants and the wider
public (newspapers, radio, television and Internet).

RESULTS
The majority of the 6267 included participants was
women (57%), and the mean age was 39 years (SD 8.7)
(table 1). In total, 15% had a mental illness, 11% a respiratory disease and 6% CVD or diabetes. Persons having
one of the chronic diseases had a higher prevalence of
sick leave and poor work ability (table 1).
Individual lifestyle risk factors were inter-
related.
Persons who reported an unhealthy diet were more likely
to have low physical activity (χ2=83.86, p<0.05) than
persons with a healthy diet. Further, persons who did
not engage in physical activity were more likely to smoke
(χ2=70.91, p<0.05) than persons who engaged in physical
activity.
Persons who reported sick leave were more likely to
have poor work ability than persons having a good work
ability (χ2=463, p<0.05).
Unhealthy lifestyle and sick leave: general population
In the general population, overweight and obesity and
former and current smoking at baseline were associated
with duration of sick leave at follow-up, after adjusting
for demographics and sick leave at baseline (table 2).
These associations were strongest for long-term sick leave.
Persons with obesity were 1.64 (95% CI: 1.32 to 2.05)
times more likely to have long-term sick leave than individuals with a healthy body weight. In addition, former
and current smoking was statistically significantly associated with both moderate sick leave and long-term sick
leave. Further, exposure to multiple unhealthy risk factors
was associated with a higher likelihood of sick leave. A
higher score on the unhealthy lifestyle risk score was associated with a higher risk of long-term sickness absence
compared with individuals with a low lifestyle risk score.
Unhealthy diet and low physical activity were not associated with a higher risk of sick leave.
As regards to individual lifestyle risk factors, the
highest PAF for long-term sick leave was found in relation to current smoking (11%). The other PAFs were
8% for obesity, 2% for unhealthy diet and 0.2% for low
physical activity. The combined PAF for long-term sick
leave showed that 20% of long-term sick leave could be
attributed to unhealthy lifestyle risk factors.
Unhealthy lifestyle and reduced work ability: general
population
Persons with an unhealthy diet, who do not achieve the
recommended level of physical activity, or who smoke or
4

smoked were more likely to have a low WAS than those
who have a healthy diet, achieve physical activity recommendations or have never smoked. Further, a statistically significant association was found between a high or
very high lifestyle risk score and moderate or poor WAS
(table 3).
In the case of poor WAS, current smoking yielded the
highest PAF (12%). The PAFs for unhealthy diet and
obesity, and low physical activity were 4%, 4% and 3%,
respectively. The combined PAF showed that 21% of poor
WAS could be attributed to unhealthy lifestyle risk factors.
Unhealthy lifestyle, sick leave and reduced work ability within
disease groups
As regards to persons with specific diseases, those who
smoke or persons being overweight or obese, and persons
with a higher lifestyle risk index were more likely to have
one or more days off work due to sick leave. However,
only a few of these associations were statistically significant (table 4).
Among workers with specific diseases, the associations
between moderate MVPA, current smoking and low WAS
had ORs above 1. However, only the association between
former smoking and low WAS was statistically significant
among persons with a mental illness (n=322 with low
WAS) (table 5).
A sensitivity analysis on the complete data set without
any missing values (n=5206) yielded similar results to the
analyses with imputed data (online supplemental file).

DISCUSSION
This longitudinal study of a general working population
found associations between unhealthy lifestyle factors on
one hand and sick leave and reduced work ability on the
other hand. Unhealthy diet, moderate and low physical
activity, and current smoking were consistently associated
with low work ability. Sick leave, and long-term sick leave
in particular, was associated with smoking and BMI. Exposure to multiple unhealthy lifestyle factors increased the
risk of sick leave and poor work ability. The combined PAFs
for long-term sick leave (20%) and poor WAS (21%) indicate that an unhealthy lifestyle contributes substantially
to sick leave and low work ability. Moreover, unhealthy
lifestyle factors—in particular overweight, smoking and
exposure to multiple lifestyle risk factors—were found
to be associated with sick leave in groups with a specific
disease. However, no consistent associations were found
between lifestyle risk factors and low WAS in the specific
disease groups.
We have previously reported an additive association
between multiple lifestyle risk factors and low work ability
in a cross-sectional study of a general working population
in Norway.21 A small Polish cross-sectional study indicated
a similar additive association between unhealthy lifestyle
risk factors and low work ability.35 To the best of our
knowledge, no other studies have explored the association between a multiple lifestyle risk index and sick leave
De Bortoli MM, et al. BMJ Open 2021;11:e045678. doi:10.1136/bmjopen-2020-045678
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Table 1 Baseline characteristics of the total study population (n=6267) and workers with respiratory disease (n=688), CVD or
diabetes (n=348) and mental illness (n=948)
Total
n=6267
Age in years (m, SD)
Sex

39 (SD 8.7)

Respiratory
disease
n=688
38 (SD 8.8)

CVD or diabetes
n=348
42 (SD 7.9)

Mental illness
n=948
39 (SD 8.7)

 Female

3583 (57)

412 (60)

174 (50)

671 (71)

 Male

2684 (43)

276 (40)

174 (50)

277 (29)

 Low

683 (11)

66 (10)

46 (13)

95 (10)

 Intermediate

2244 (36)

244 (36)

150 (43)

312 (33)

 High

3340 (53)

378 (54)

152 (44)

541 (57)

 Healthy

3708 (59)

395 (57)

205 (59)

525 (55)

 Average

2128 (34)

254 (37)

122 (35)

341 (36)

431 (7)

39 (6)

21 (6)

82 (9)

 High MVPA

3358 (54)

387 (56)

174 (50)

515 (54)

 Moderate MVPA

1709 (27)

177 (26)

102 (29)

249 (26)

 Low MVPA

1200 (19)

124 (18)

72 (21)

184 (20)

 Under and normal weight

3086 (49)

289 (42)

127 (36)

492 (52)

 Overweight

2294 (37)

268 (39)

134 (39)

328 (34)

887 (14)

131 (19)

87 (25)

128 (14)

 Never

3535 (57)

389 (57)

153 (44)

427 (45)

 Past

1453 (23)

167 (24)

105 (30)

261 (28)

 Current

1279 (20)

132 (19)

90 (26)

260 (27)

 Low risk score (0–0.5)

2001 (32)

213 (31)

68 (20)

246 (26)

 Medium risk score (1–1.5)

2739 (44)

297 (43)

166 (47)

447 (47)

 High risk score (2–2.5)

1268 (20)

146 (21)

87 (25)

206 (22)

259 (4)

32 (5)

27 (8)

49 (5)

4387 (70)

419 (61)

219 (63)

559 (59)

 Short-term sick leave (1–14 days)

960 (15)

118 (17)

51 (15)

165 (17)

 Long-term sick leave (15+days)

920 (15)

151 (22)

78 (22)

224 (24)

5362 (85)

559 (81)

255 (73)

716 (75)

554 (9)
351 (6)

76 (11)
53 (8)

52 (15)
41 (12)

131 (14)
101 (11)

Education

Diet

 Unhealthy
Physical activity

Body mass index

 Obese
Smoking

Lifestyle risk index

 Very high risk score (3–4)
Sick leave duration (follow-up)
 No sick leave (0 days)

Work ability score (follow-up)
 Good (8–10)
 Moderate (6–7)
 Poor (0–5)

Numbers are frequencies and proportions unless otherwise specified. Missing: smoking (0.5%), education (2%), diet (3%), physical activity
(3%), BMI (17%).
CVD, cardiovascular disease; MVPA, moderate to vigorous leisure-time physical activity.

or work ability over time. Data from four European cohort
studies indicate that co-occurrence of lifestyle risk factors
such as physical inactivity, high BMI and smoking leads
De Bortoli MM, et al. BMJ Open 2021;11:e045678. doi:10.1136/bmjopen-2020-045678
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years lived in good health.20 Although
limited literature is available on the effectiveness of
health promotion activities with regard to work ability
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Table 2 Associations between lifestyle-related factors at
baseline and short-term and long-term sick leave in the
general population (n=6267)

Table 3 Associations between unhealthy lifestyle-related
factors at baseline and the level of WAS at follow-up in the
general population (n=6267)
Moderate WAS
(6–7)*
(n=554)
OR (95% CI)

Short-term sick
leave*
1–14 days (n=960)
OR (95% CI)

Long-term sick
leave*
15+ days (n=920)
OR (95% CI)

 Average

1.05 (0.90 to 1.23)

1.00 (0.85 to 1.18)

Diet
 Average

1.15 (0.94 to 1.41) 1.18 (0.91 to 1.54)

 Unhealthy

1.09 (0.82 to 1.46)

1.32 (0.99 to 1.74)

 Unhealthy

1.42 (1.01 to 2.00) 1.57 (1.01 to 2.43)

 Moderate MVPA

1.02 (0.86 to 1.21)

1.15 (0.97 to 1.37)

 Moderate MVPA

1.35 (1.09 to 1.69) 1.29 (0.98 to 1.71)

 Low MVPA

1.14 (0.94 to 1.38)

1.01 (0.82 to 1.24)

 Low MVPA

1.41 (1.11 to 1.79) 1.17 (0.85 to 1.61)

Diet

Physical activity

Physical activity

Body mass index
 Overweight

1.24 (1.04 to 1.47)

1.27 (1.06 to 1.52)

 Obese

1.25 (0.99 to 1.56)

1.64 (1.32 to 2.05)

Smoking
 Former

1.31 (1.10 to 1.57)

1.28 (1.06 to 1.54)

 Current

1.50 (1.25 to 1.80)

1.62 (1.35 to 1.96)

 Medium risk score

1.09 (0.91 to 1.30)

1.31 (1.08 to 1.59)

 High risk score

1.26 (1.02 to 1.56)

1.59 (1.28 to 1.99)

 Very high risk score

1.89 (1.32 to 2.71)

1.89 (1.27 to 2.81)

Lifestyle risk index

Adjusted for age, sex, education and sick leave at baseline.
*Reference category is 0 sick leave days.
MVPA, moderate to vigorous leisure-time physical activity.

and sick leave,36 our study provides support for focussing
on multiple lifestyle risk factors as a means of reducing
sick leave and enhancing work ability. Our finding that
persons with multiple lifestyle risk factors are more likely
to have a lower work ability and higher sickness absence
may imply that an unhealthy lifestyle will incur costs for
the employer. A recent Finnish cohort study following
sick leave over a 14-year long period (2002–2016) found
that individuals having ≥3 lifestyle risk factors (high
alcohol consumption, low fruit or vegetable intake, being
physical inactive, currently smoker or having sleep disruption) resulted in an additional expense for the employer
of 3266 €, compared with those with no risk factors.37
In this study, we found that some 20% of long-term sick
leave could be attributed to unhealthy lifestyle factors.
This is consistent with Virtanen et al (2018), who found
that 15% to 30% of sick leave could be attributed to lifestyle risk factors.38 Our study also shows that obesity and
smoking are associated with sick leave, and long-term
sick leave particularly. This is in line with the results of
the Virtanen study.14 Moreover, recent systematic reviews
have found BMI and smoking to be associated with sick
leave.7 12 13 Amiri have shown that workers who are overweight or obese have a 1.2 to 1.3 times higher risk of sick
leave than workers with a healthy body weight.7 Troelstra
et al have reported that smoking is associated with a 31%
increase in risk of sick leave.13 Obesity and smoking are risk
6

Poor WAS (0–5)*
(n=351)
OR (95% CI)

Body mass index
 Overweight

1.16 (0.93 to 1.44) 1.17 (0.86 to 1.58)

 Obese

1.12 (0.83 to 1.50) 1.30 (0.92 to 1.84)

Smoking
 Former

1.03 (0.82 to 1.30) 1.36 (1.01 to 1.83)

 Current

1.36 (1.09 to 1.71) 1.67 (1.24 to 2.25)

Lifestyle risk index
 Medium risk
score

1.18 (0.92 to 1.50) 1.32 (0.94 to 1.85)

 High risk score
 Very high risk
score

1.52 (1.16 to 1.99) 1.58 (1.11 to 2.62)
1.93 (1.25 to 2.98) 2.54 (1.49 to 4.31)

Adjusted for age, sex, education and WAS at baseline.
*Reference category is 8–10 WAS.
MVPA, moderate to vigorous leisure-time physical activity; WAS,
work ability score.

factors with respect to several diseases, including mental
illness and cardiovascular disease, which are themselves
risk factors for sick leave.7 12 13 Moreover, smokers are
more susceptible to respiratory problems and a reduced
immune system, which could increase the risk of short-
term sick leave due to, for example, the common cold/
influenza.13 Importantly, encouraging results have been
reported regarding workplace intervention of smoke
cessation.13
Our study could not confirm associations between an
unhealthy diet or insufficient physical activity and sick
leave. In a systematic review, Kerner et al11 have shown
that 11 out of 15 included studies reported an association between lower leisure-time physical activity and sick
leave. It is important to note, however, that comparison of
results in this area is challenging because different studies
employ different measures of leisure-time physical activity
and different cut-offs for sick leave days.
Concerning work ability, we did find an association
between unhealthy diet, moderate and low MVPA and
former and current smoking at baseline and low work
ability after 5 years. Unfavourable baseline levels of physical activity were also associated with moderate and poor
WAS at follow-up. This is consistent with a scoping review
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Table 4 Associations between unhealthy lifestyle-related
factors at baseline and the presence of sick leave at follow-
up among workers with respiratory diseases (n=688),
cardiovascular diseases or diabetes (n=348) or mental
illness (n=948)

Table 5 Associations between unhealthy lifestyle-related
factors at baseline and the presence of a low WAS at
follow-up among workers with respiratory diseases (n=688),
cardiovascular diseases or diabetes (n=348) or mental
illness (n=948)
WAS (0–7 vs ≥8)

Sick leave (yes vs no)
Respiratory
disease
n=269/688
OR (95% CI)

CVD or
diabetes
n=129/438
OR (95% CI)

Mental
illness
n=389/948
OR (95% CI)

 Average

1.04 (0.74 to
1.48)

0.87 (0.52 to
1.46)

1.10 (0.82 to
1.47)

 Unhealthy

1.16 (0.57 to
2.34)

1.30 (0.49 to
3.41)

1.28 (0.78 to
2.09)

 Moderate
MVPA

1.17 (0.80 to
1.71)

0.89 (0.51 to
1.53)

0.76 (0.55 to
1.06)

 Low MVPA

0.74 (0.47 to
1.17)

1.06 (0.58 to
1.94)

0.99 (0.69 to
1.42)

 Overweight

1.31 (0.87 to
1.95)

0.99 (0.52 to
1.89)

1.45 (0.98 to
2.16)

 Obese

1.45 (0.87 to
2.43)

1.25 (0.60 to
2.60)

1.34 (0.81 to
2.21)

 Former

1.33 (0.89 to
1.98)

1.58 (0.91 to
2.75)

1.10 (0.79 to
1.53)

 Current

1.31 (0.85 to
2.00)

1.81 (1.01 to 1.42 (1.02 to
3.25)
1.98)

Diet

Physical activity

Body mass index

Smoking

 
Diet
 Average
 Unhealthy

1.51 (1.01 to
2.24)

1.24 (0.63 to
2.45)

1.40 (0.99 to
1.99)

High risk score

1.24 (0.77 to
1.99)

1.48 (0.67 to
3.31)

1.46 (0.95 to
2.24)

Very high risk
score

1.25 (0.54 to
2.91)

1.52 (0.56 to
4.18)

1.42 (0.71 to
2.84)

Adjusted for age, sex, education and sick leave at baseline. No
sick leave is the reference category.
CVD, cardiovascular disease; MVPA, moderate to vigorous
leisure-time physical activity.

focussing on worksite physical activity interventions.18
Further, a recent randomised controlled trial among
workers at the Volkswagen factory in Germany found
that participants with metabolic syndrome benefited
from activity-monitored and supported exercise (face-to-
face meetings and a smartphone application). Not only
did the participants improve on metabolic syndrome
parameters, but the intervention group also increased
its work ability compared with the control group after
the 6 month intervention.39 Although the intervention
period was limited, the results are promising in terms of
reducing disease risk and improving work ability. Many
workers spend most of their working lives in sitting or
De Bortoli MM, et al. BMJ Open 2021;11:e045678. doi:10.1136/bmjopen-2020-045678

CVD or
diabetes
n=93/348
OR (95% CI)

Mental
illness
n=332/948
OR (95% CI)

0.91 (0.57 to
1.44)

1.01 (0.56 to
1.81)

1.06 (0.74 to
1.51)

0.85 (0.32 to
2.27)

0.67 (0.19 to
2.40)

0.96 (0.52 to
1.76)

Physical activity
 Moderate
MVPA

1.21 (0.73 to
2.01)

1.11 (0.57 to
2.15)

1.35 (0.90 to
2.03)

 Low MVPA

0.87 (0.47 to
1.51)

0.97 (0.47 to
2.03)

1.15 (0.73 to
1.80)

Body mass index
 Overweight

1.29 (0.78 to
2.16)

0.93 (0.47 to
1.82)

0.95 (0.64 to
1.41)

 Obese

1.20 (0.60 to
2.40)

1.00 (0.47 to
2.14)

0.97 (0.50 to
1.88)

 Former

1.04 (0.62 to
1.74)

1.10 (0.57 to
2.11)

0.57 (0.37 to
0.88)

 Current

1.17 (0.67 to
2.05)

1.08 (0.55 to
2.15)

0.95 (0.64 to
1.41)

 Medium risk 1.21 (0.67 to
score
2.18)

1.49 (0.65 to
3.41)

0.82 (0.54 to
1.25)

 High risk
score
 Very high
risk score

1.08 (0.42 to
2.80)
0.87 (0.25 to
3.03)

0.87 (0.53 to
1.45)
1.41 (0.67 to
2.96)

Smoking

Lifestyle risk index
Medium risk
score

Respiratory
disease
n=129/688
OR (95% CI)

Lifestyle risk index

1.03 (0.53 to
2.00)
0.72 (0.22 to
2.35)

Adjusted for age, sex, education and WAS at baseline. WAS of
8–10 is the reference.
CVD, cardiovascular disease; MVPA, moderate to vigorous leisure-
time physical activity; WAS, work ability score.

other sedentary positions.40 Increasing efforts to enhance
leisure-time physical activity therefore seems warranted.
The PAFs of 20% and 21% observed in our study,
indicate that interventions focussed on lifestyle risk
factors could in theory work ability and reduce sickness
absence. However, further evidence is needed on health-
promotion programmes to prevent low work ability.41 It
could be hypothesised that healthy behaviours would
improve physical and mental health42 and decrease BMI,
and thereby increase work ability and reduce sick leave in
a general working population.
To the best of our knowledge, few studies have explored
these relationships among persons with chronic diseases.
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Although not statistically significant, our results show ORs
above 1 for the associations between obesity and smoking
and sick leave within the specific disease groups. A Dutch
cross-
sectional study of 8364 healthcare employees22
found statistically significant associations between
smoking, obesity and low work ability among persons
with respiratory diseases. The same study also found
smoking to be associated with sick leave among persons
with a mental illness.22 Partly due to low numbers in each
disease category and a resulting lack of statistical power,
our hypothesis regarding an increased risk of sick leave
and work ability among persons with common chronic
diseases and an unhealthy lifestyle was not confirmed.
Although few statistically significant associations were
found in the specific disease groups, our results did show
ORs above 1 for the associations between overweight,
obesity, smoking, the lifestyle risk index and sick leave in
these groups. As regards the chronic disease groups, we
cannot exclude a healthy worker effect entailing exclusion of workers with more severe chronic diseases and
unhealthy lifestyles from the workforce.
Strengths and limitations
The 5-year follow-up period is a strength of this study.
Most available studies have a cross-sectional design or a
shorter follow-up period. Another strength is that this
study was performed on the general working population,
and thus included participants both from a broad spectre
of adults with different sociodemographic backgrounds.
Further, this study used validated questions to assess the
independent variables. These questions have previously
been used in the HUNT1 and HUNT 3 studies.28 30 This
allows comparison in the Norwegian context.
An important limitations of the study is the low number
of persons in each disease group. The lack of statistical
power makes it difficult to draw conclusions regarding
these groups. Furthermore, due to the low response (33%)
generalisation is challenging. Nevertheless, analyses of
non-responders indicate comparable results to those of
responders.43 Due to the high number of missing values,
missing values were imputed. As mentioned, the results
are comparable with complete case analyses. However,
we cannot rule out the possibility of selection bias in this
study. Moreover, this study relies on self-
reporting by
participants. This may entail underestimation or overestimation of unhealthy behaviours. Nevertheless, the questions on both diet and physical activity have previously
proven to be valid and reliable measures when compared
with objective measures.30 44
Given that this study only included persons engaged in
paid work during the past 12 months or below the age of
50 years at baseline, the results cannot be generalised to
persons who are not engaged in paid work, or to older
age groups. Prior research indicates that employment
status and high age could both be indicators of poor work
ability.6 However, other factors which may be important
were not available in our study, such as family income,
productivity or reasons for sickness absence. Moreover,
8

we do not have detailed information on remission or
severity of disease which might have altered our results.
Due to the different follow-up periods reported in the
different longitudinal studies, cross-study comparison is
difficult. A 5-year follow-up period may also be too short
to detect changes in work ability and sick leave due to
lifestyle changes. As a result, our findings could underestimate the relationship between lifestyle risk factors and
work ability and sick leave.

CONCLUSION
In this longitudinal study, statistically significant associations were found between lifestyle risk factors and
long-term sick leave and poor work ability. Further, exposure to multiple lifestyle risk factors was associated with
subsequent more sick leave and reduced work ability.
The findings related to specific disease groups were less
consistent. However, based on the results of our work, we
would encourage employers to facilitate—in addition to a
healthy work environment—healthy lifestyles. The results
indicate that studies assessing lifestyle interventions are
needed to investigate the effect on sick leave and work
ability.
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