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Background

Throughout the Organisation for Economic Co- 
operation and Development (OECD) countries, 
work disability is a major social and economic prob-
lem [1]. Many psychosocial and physical characteris-
tics of work as well as shift work have been linked to 
an increased risk of work disability, namely, sickness 
absence (SA) [2-5]. In addition to the work-related 
factors, mental disorders are a major cause of work 
disability [1,6,7]. Even the less severe forms of men-
tal disorders such as common mental disorders 

(CMD), have been associated with a higher risk of 
SA [8,9]. To date, there are few studies on the com-
bined associations of work exposures and CMD, and 
these have focused on the associations for psychoso-
cial work exposures and mental health with interme-
diate or long-term SA [10,11]. However, we are not 
aware of studies that have examined how associations 
between different physical working conditions or 
shift work and risk of SA vary by an individual’s state 
of mental health, and whether these associations vary 
by the severity of disability. It is important to know 
whether people with CMD are more vulnerable to 
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different stressors in working life than those without 
CMD, as targeted support for work ability and work 
modifications can then be planned.

To fill these gaps in evidence we examined whether 
associations between physical work exposures and 
SA vary according to mental health status. We 
assessed associations for four combinations of physi-
cal work exposures (including shift work) and CMD 
with short-term, intermediate, and long-term SA. 
The physical work exposures included hazardous 
exposure (chemicals, dust and noise), physical work-
load (e.g. repetitive trunk rotation, lifting and carry-
ing), computer work (working with computer and 
mouse, and sitting), and shift work. Shift work was 
included as it is an indicator of the strenuousness of 
work and can affect circadian rhythm, tiredness and 
consequently, work ability [12,13]. These analyses 
increase the level of our understanding regarding the 
roles of mental health and physical work in SA. We 
hypothesised that the physical work exposures are 
more strongly associated with SA among those who 
also experienced CMD when compared with those 
not reporting these stressors. Furthermore, we 
hypothesised that the associations for the combina-
tions of physical work exposures and CMD vary by 
the length of SA.

Methods

We used data from the Helsinki Health Study, which 
is a longitudinal cohort study on health and well-
being of ageing municipal employees covering a large 

scale of different occupations (e.g. healthcare, social 
welfare, education, culture, public transport). All the 
employees of the City of Helsinki, Finland, aged 40, 
45, 50, 55, and 60 years in 2000, 2001 and 2002 
were asked to participate in a mail survey, which 
included questions on their health, health behaviours 
and working conditions. A total of 8960 employees 
responded (response rate 67%) at phase 1 between 
2000 and 2002. First follow-up, i.e. phase 2 (response 
rate 83%), was collected in 2007, and phase 3 in 
2012 (response rate 78%). The survey data have been 
prospectively linked with employers’ personnel regis-
ter data on SA for all those who gave written informed 
consent (78%). non-response analyses have sug-
gested the data to be broadly representative of the 
target population [14,15]; for example, many occu-
pations are female dominated, including teachers, 
nurses and healthcare assistants. However, men, 
manual workers, and those with long SA were some-
what overrepresented among the non-respondents.

For this study, we included participants who 
responded to the mailed surveys including items 
regarding four physical work exposures, CMD and 
covariates in each phase. After excluding those with 
any missing data we included 6159 observations 
from the phase 1, 3818 observations from phase 2, 
and 2481 observations from phase 3. Thus, the 
pooled data from the three surveys resulted in 12,458 
observations from 6159 individuals (Figure 1). For 
all observations, the follow-up period for SA started 
from the date when the survey was filled in and lasted 
for 1 year. Ethics approval was provided by the Ethics 

Figure 1. Flow chart of the sample selection.
Dp: Disability pension.
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Committees of the Department of public Health, 
university of Helsinki and the health authorities of 
the City of Helsinki, Finland.

Exposures

All exposure variables, i.e. four physical work expo-
sures and CMD, were identically requested in the 
three surveys (2000–2002, 2007 and 2012).

Physical work exposures. The surveys included an 
18-item inventory regarding different physical work 
exposures [16]. Of the 18 four-category items 
(response options: not at all; yes, but does not affect 
work; yes and affects work negatively to some degree; 
yes and affects work negatively a lot), three broad fac-
tors were obtained using a factor analysis with poly-
choric correlation matrix [3]. The first factor 
comprised items related to hazardous exposure in the 
work environments such as hazardous chemicals, 
dust and noise; the second items related to physical 
workload, such as repetitive trunk rotation, lifting and 
carrying; and the third factor, computer work, com-
prised working with computer and mouse, and sit-
ting. loadings for all three factors were divided into 
quartiles and the highest quartile indicated exposure 
to each factor [17]. Shift work was investigated in all 
surveys with six response alternatives, and it was 
dichotomised into ‘normal day work’ vs. ‘shift work’. 
Shift work included working in day shifts without 
night work, three-shift work including night work, 
and night work only. The proportion of participants 
with night work only was very low (1.3%).

Common mental disorders. CMD were measured with 
the General Health Questionnaire (GHQ-12) often 
used in occupational studies, which has shown com-
parable results to the original 60-item questionnaire 
[18]. It has also shown high reliability and good 
validity in relation to diagnosed affective disorders 
[18-20]. CMD includes information on general and 
context-free affective and non-psychotic problems in 
the past few weeks, such as symptoms of depression, 
anxiety and poor self-esteem. The GHQ-12 scores 
range from 0 to 12. To identify employees with CMD 
we used a cut-off point 3 that has shown to be a valid 
threshold for this scale [20].

Outcomes

Many employers in Finland, like the City of Helsinki, 
allow SA of 1–3 days based on self-certification, i.e. 
without a medical certificate. The employer will con-
tinue to pay full salary – depending on the length of 
employment – up to 2 months. The Social Insurance 

Institution (SII) will pay sickness allowance after 10 
work days of absence up to 300 work days, if neces-
sary. SA data for this study were obtained from the 
employer’s personnel register. We used prevalence of 
SA of any length as well as SA by length: self-certified 
short-term (1–3 days), and medically certified inter-
mediate (4–14 days) and long-term (⩾15 days) SA 
spells during a 1-year follow-up from the date of sur-
vey response. This means that after each survey, there 
was a new follow-up period for SA. The causes of the 
SA spells were not available from the employers’ 
register.

Covariates

Age, gender, marital status, education, body mass 
index (BMI, based on weight and height), smoking, 
binge drinking, and physical chronic diseases were 
self-reported in each survey. These were considered 
as covariates as they have shown associations with 
mental health and work disability [11,21]. Education 
was treated as three-class variable: low = vocational 
school or less; intermediate = high school or college; 
high = university degree. Marital status was also cat-
egorised into three classes: single, married/cohabiting 
and divorced/widowed. BMI was calculated from 
self-reported weight and height, as weight in kilo-
grams divided by height in metres squared and cate-
gorised as: non-obese = BMI <30 kg/m2, and obese 
BMI ⩾30 kg/m2. Smoking was treated as a dichoto-
mous variable: non-smoker vs. current smoker. Binge 
drinking was asked as the frequency of having con-
sumed more than six units of alcohol at one occasion, 
and it was dichotomised as: no bingeing = less than 
once a month for women and less than once a week 
for men, and bingeing = more than once a month for 
women and once a week for men. Different cut-offs 
were used due to a large gender difference in drink-
ing habits in this study population [22]. Self-reported 
physician-diagnosed chronic diseases included car-
diovascular diseases (angina pectoris, heart attack, 
cerebral haemorrhage), diabetes and cancer. Chronic 
diseases were categorised as: 0, 1 or ⩾2 [23].

Exposure to heavy physical workload may lead to 
changes in leisure-time physical activity [24], and 
poorer mental health has been associated with 
greater physical inactivity [25]. As vigorous physi-
cal activity has further been linked to decreased 
risk of SA [26], physical activity can act as a media-
tor between physical work exposures and SA. Thus, 
we did not include physical inactivity as a covariate 
into the main analyses, but ran additional analyses 
adjusting for it. Average weekly hours of physical 
activity during leisure time or commuting within 
the previous 12 months was requested at four levels 
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of intensity: walking, brisk walking, jogging and 
running, or their equivalent activities. For each 
level of intensity, five response alternatives were 
available from 0 to 4 or more hours/week. We calcu-
lated metabolic equivalent of task (MET) hours per 
week by multiplying the time spent in physical 
activity with the MET value of each intensity level 
and adding these up [27]. participants with weekly 
MET hours <14 were classified as physically inac-
tive [26].

Statistical analyses

For the analyses, we formed four exposure variables 
combining the different work exposures and CMD. 
Each of the four variables included dichotomised work 
exposure and dichotomised CMD that were catego-
rised into four classes: ‘neither’, ‘work exposure only’, 
‘CMD only’ and ‘both’. The variables were named as: 
‘hazardous exposures/CMD’, ‘physical workload/CMD’, 
‘computer work/CMD’ and ‘shift work/CMD’.

The associations between the exposure combi-
nations and the number of total SA spells, spells 
lasting 1–3 days, 4–14 days and ⩾15 days during a 
1-year follow-up were separately assessed using 
generalised estimating equations. This method 
accounts for within-person correlation from those 
participants who contributed observations to the 
pooled data from more than one survey phase (proc 

genmod in SAS). We used negative binomial distri-
bution in the regression models that were first 
adjusted for age at phase 1 and gender. Data for 
further adjustments; marital status, education, 
smoking, binge drinking, obesity and chronic dis-
ease were from the survey where the exposure was 
reported. We conducted all analyses as complete 
case analyses where all participants with missing 
data on exposures or covariates were excluded. 
results are presented as rate ratios (rrs) with 95% 
confidence intervals (CI). As sensitivity analyses we 
ran the models with additional adjustment for 
physical inactivity. All statistical analyses were per-
formed using SAS version 9.4 (SAS Institute, Inc., 
Cary, north Carolina).

Results

Of the study population 80% were women, and the 
mean age at the start of the follow-up was 51.8 (SD 
= 6.3) years. Other descriptive statistics for all par-
ticipants and by CMD at phase 1 are presented in 
Table I. Of the total analysis sample 21% were physi-
cally inactive, and the corresponding percentages 
were 28% for those with CMD, and 19% for those 
without CMD. prevalence of the SA spells per 100 
person-years by the four exposure variables is shown 
in Table II. Mean follow-up time for any SA spell was 
350 (SD = 54) days.

Table I. Study population characteristics by common mental disorders (CMD) at phase 1.

variable All
(n=6159)

CMD
(n=1504)

no CMD
(n=4655)

Difference CMD 
vs. no CMD

n % n % n % p-value

Women 4826 78 1193 79 3633 78 0.296
Marital status 0.012
 Single 766 12 197 13 569 12  
 Married/cohabiting 4355 71 1020 68 3335 72  
 Divorced/widowed 1038 17 287 19 751 16  
Education 0.479
 low 2424 39 572 38 1852 40  
 Intermediate 2016 33 502 33 1514 32  
 High 1719 28 430 29 1289 28  
Smoker 1416 23 396 26 1020 22 0.0004
Binge drinker 2924 47 774 51 2150 46 0.0004
Obese 896 15 247 16 659 14 0.018
Chronic disease 0.017
 0 5416 88 1292 86 4124 88  
 1 687 11 194 13 493 11  
 ⩾2 56 1 18 1 38 1  
physically inactive 1316 21 418 28 898 19 <0.0001
Hazardous exposure 1508 25 461 31 1047 22 <0.0001
physical workload 1499 24 487 32 1012 22 <0.0001
Computer work 1543 25 511 34 1032 22 <0.0001
Shift work 1404 23 357 24 1047 22 0.317
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Table III shows the age and gender adjusted 
rrs for SA spells of varying length by the four 
exposure variables. Adjustment for the covariates 
slightly attenuated the effect estimates. The fully 
adjusted rrs are presented in Figure 2 and the 
corresponding numerical values are provided in 
Supplemental Table 1. Of the work exposures 
alone, computer work was associated with self-cer-
tified SA spells of 1–3 days (rr 1.13, 95% CI 
1.06–1.22) in the fully adjusted model, but it was 
not associated with the longer medically certified 
SA spells. Hazardous exposures were also weakly 
associated with the shortest SA spells, but stronger 
associations were observed for the SA spells lasting 
4–14 days (rr 1.30, 95% CI 1.18–1.42) and ⩾15 
days (rr 1.26, 95% CI 1.09–1.46). An increasing 
pattern was observed for heavy physical workload: 
rr was 1.40 (95% CI 1.28–1.53) for SA spells 
4–14 days, and 1.86 (95% CI 1.63–2.13) for SA 
spells ⩾15 days. reporting shift work alone was 
not associated with SA spells. In general, effect 
estimates for CMD alone were larger than those 
for the work exposures alone.

The combination of hazardous exposures and 
CMD as well as physical workload and CMD 
together resulted in the highest rrs, particularly 
regarding the longer, medically certified SA spells. 
Hazardous exposures and CMD resulted in a rr of 
1.78 (95% CI 1.60–1.99) for the 4–14-day SA, and 
rr of 2.63 (95% CI 2.27–3.05) for SA spells of ⩾15 

days. The corresponding rrs for physical workload 
and CMD were 2.03 (95% CI 1.82–2.27) and 3.37 
(95% CI 2.93–3.88). The findings suggest joint con-
tribution of these physical work exposures and CMD 
on the long-term SA as indicated by the non-overlap-
ping confidence intervals when compared with those 
of the individual exposures. Additional adjustment 
for physical inactivity had a minor effect on the esti-
mates in the fully adjusted models (Supplemental 
Table 2).

Discussion

Of the four examined work exposures, heavy physical 
workload and hazardous exposure alone had the 
strongest associations with all-cause SA, particularly 
the medically certified SA spells lasting 4 days or 
more. Combined exposure to heavy physical work-
load or hazardous exposure and self-reported CMD 
resulted in even stronger associations with SA spells, 
the associations being the stronger the longer term 
the absence spell was. Computer work alone pre-
dicted weakly the self-certified short-term SA spells 
(1–3 days) and having CMD did not strengthen this 
association significantly. Shift work was not associ-
ated with SA.

We observed associations for physical workload 
and hazardous exposures with SA that are in line 
with the existing literature [2-4], although in the 
earlier studies the role of CMD was not considered. 

Table II. Sickness absence spells/100 person-years by length of absence and exposure.

Exposure Sickness absence (SA)

n observations All SA 1-3 days 4-14 days ≥15 days

Hazardous exposure / CMD
 neither 7353 190 131 43 13
 work exposure only 2142 218 134 61 23
 CMD only 2051 243 150 62 31
 both 911 312 177 89 46
physical workload / CMD
 neither 7442 185 130 41 14
 work exposure only 2053 238 137 69 32
 CMD only 2010 227 148 52 27
 both 952 343 181 108 54
Computer work / CMD
 neither 7378 201 133 49 19
 work exposure only 2117 179 124 39 16
 CMD only 1941 276 161 76 39
 both 1021 243 154 59 30
Shift work / CMD
 neither 7536 197 135 44 18
 work exposure only 1959 194 119 56 18
 CMD only 2294 259 157 68 35
 both 668 282 164 79 39
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Joint associations, i.e. reporting combination of 
physical workload and CMD, or hazardous expo-
sure and CMD, were considerably stronger for the 
medically certified SA spells than either of the 
exposures alone. This suggests that those with 
CMD and work tasks including working in uncom-
fortable postures, repetitive trunk rotation and 
movements, standing, lifting and carrying form a 
particularly vulnerable group of employees. It may 
be, however, that jobs including physical tasks are 
such where any work disability entails SA. nurses, 
for example, may have physical strain in their work 
and they are advised to take sick leave even for mild 
flu to not to expose the patients. Construction 
workers, then, may be advised to recover longer 
periods from somatic diseases than those with sed-
entary work.

Our findings also suggest that work including use 
of computer as well as sitting is associated mainly 
with the less severe health problems requiring SA 
lasting only for 1–3 days. A prior study examining dif-
ferent lengths of SA neither reported an association 
between computer work and SA exceeding 4 days [3]. 
The association for combined exposure to computer 
work and CMD with short-term SA was only slightly 
stronger than that for CMD alone. regarding the 
longer SA spells, the associations for CMD alone 
were even stronger than those for the combined expo-
sure. This suggests that computer work alone or with 
CMD contribute little to SA in these data. However, 

computer work may also be such that people are 
working even if they have some degree of work disa-
bility, as for example remote work from home may be 
possible, and this may have masked some associa-
tions. In line with prior findings [5], shift work alone 
was not associated with the longer term SA, and the 
associations for short-term SA were also weak. As the 
associations between CMD alone and SA were nearly 
as strong as the associations for the combined expo-
sure to shift work and CMD, it is likely that the joint 
associations were mostly due to the CMD.

One of the strengths of this study is the longitudi-
nal design, a large employee cohort including a 
broad range of different occupations and employers’ 
register data on employees’ SA spells. Though cause-
specific data were not available, these data included 
the scarcely examined short-term SA spells for 
which the absence benefits are covered by the 
employer and that are not available from national 
registers. The cut-off for short SA was based on the 
length of self-certification period, whereas the cut-
off differentiating intermediate and long absence 
spells, while used in prior studies [8,26], was more 
arbitrary. Two weeks, indicated by the intermediate 
absence, can be thought to catch, for example, pro-
longed flu, and it is also in line with the lower limit 
of absence spells covered by the SII (i.e. 10 week-
days). The longer absence spells would include more 
severe health conditions and injuries. We used self-
administered measures for the work exposures and 

Table III. rate ratios (rr, 95% confidence intervals) for sickness absence of varying length by the combined exposures.

Exposure All 1–3 days 4–14 days ⩾15 days

rr* 95% CI rr* 95% CI rr* 95% CI rr* 95% CI

Hazardous exposure / CMD
 neither 1 1 1 1  
 work exposure only 1.22 1.15 1.29 1.13 1.05 1.21 1.40 1.28 1.53 1.39 1.21 1.61
 CMD only 1.33 1.25 1.42 1.24 1.15 1.33 1.39 1.27 1.52 1.94 1.72 2.20
 both 1.71 1.58 1.84 1.45 1.32 1.59 1.97 1.77 2.21 3.04 2.62 3.54
physical workload / CMD
 neither 1 1 1 1  
 work exposure only 1.34 1.27 1.43 1.16 1.08 1.25 1.62 1.49 1.77 2.18 1.91 2.48
 CMD only 1.30 1.22 1.38 1.24 1.15 1.33 1.29 1.18 1.41 1.96 1.72 2.23
 both 1.88 1.74 2.02 1.48 1.35 1.62 2.37 2.12 2.65 4.05 3.52 4.65
Computer work / CMD
 neither 1 1 1 1  
 work exposure only 1.02 0.96 1.09 1.08 1.01 1.16 0.87 0.79 0.95 1.00 0.87 1.16
 CMD only 1.42 1.34 1.51 1.29 1.20 1.38 1.48 1.35 1.61 2.31 2.05 2.61
 both 1.31 1.22 1.41 1.30 1.19 1.42 1.22 1.08 1.37 1.68 1.42 1.98
Shift work / CMD
 neither 1 1 1 1  
 work exposure only 1.10 1.03 1.18 1.02 0.94 1.11 1.28 1.16 1.41 1.29 1.12 1.50
 CMD only 1.37 1.29 1.45 1.25 1.17 1.34 1.44 1.32 1.57 2.11 1.88 2.37
 both 1.54 1.41 1.69 1.34 1.20 1.50 1.77 1.55 2.02 2.59 2.16 3.11

*Models adjusted for gender and age.



Physical work/CMD and sickness absence  147

CMD, and thus reporting bias may have led to 
under- or overestimation of the actual exposures. To 
define CMD, we used GHQ-12 questionnaire that 
covers symptoms of minor mental health problems. 
It has been shown to be a reliable and well-validated 
measure suitable for use in general and employee 
populations [28], although it does not distinguish 
between more severe conditions such as depression 
or anxiety. We cannot rule out non-response and 
healthy worker effect that might lead to underesti-
mation of the findings, although previous non-
response analysis on these data has shown that these 
data represent well the target population [14,15]. 
However, the generalisability of our findings to 
employment sectors other than public sector and to 
general populations may be limited, as we used data 
only from the Finnish public sector. Finally, although 
this is a longitudinal study, we cannot interpret cau-
sality regarding the observed associations as the par-
ticipants are likely to have had physical work 
exposures and SA spells already before the survey 
measurements used for these analyses [29].

In summary, our findings suggest that heavy 
physical workload and hazardous exposures had 
the stronger associations with SA the longer the SA 

spell was. Importantly, if there was combined expo-
sure to hazardous exposures and CMD, or heavy 
physical workload and CMD, the likelihood of 
longer term medically certified SA increased sub-
stantially. Thus, it would be important to recognise 
and support those employees who have high physi-
cal workload and suffer from CMD, and to plan 
strategies on preventing their SA in the most effi-
cient way. These strategies could include possibili-
ties to make targeted work modifications that ease 
the workload, or work rotation, for example.

Acknowledgements

The authors thank the City of Helsinki and all mem-
bers of the Helsinki Health Study group.

Details of contributors

JIH, Tl, Tk and MM conceived and designed the 
experiments, JIH analysed the data, Tl, Op, Or and 
El contributed materials and/or analysis tools. MM, 
Tl and Or contributed to the funding of the study. 
Tl is the guarantor of the study. All authors were 
involved in writing the paper and approved the sub-
mitted and published versions.

Figure 2. rate ratios (95% confidence intervals) for sickness absence of varying length by physical work exposures and common mental 
disorders (CMD).
note: Models adjusted for gender, age, marital status, education, smoking, binge drinking, obesity, and chronic disease. CMD: common 
mental disorders.



148  J I. Halonen et al.

Declaration of conflicting interests

The authors declare that there is no conflict of 
interest.

Funding

The authors disclosed receipt of the following finan-
cial support for the research, authorship, and/or pub-
lication of this article: This study was supported by 
the Juho vainio Foundation (for MM and Or), The 
Finnish Work Environment Fund (grant #117308 
for Tl) and Academy of Finland (grant numbers 
#287488 and #319200 for Tl and JIH, and 
#1294514 for Or). The funders had no role in the 
data collection, analysis or writing of the paper.

ORCID iDs

Jaana I. Halonen  https://orcid.org/0000-0003 
-1142-0388
Tea lallukka  https://orcid.org/0000-0003-3841 
-3129

Supplemental material

Supplemental material for this article is available 
online.

References
 [1] OECD. Sickness, Disability and Work: Breaking the Barriers. A 

Synthesis of Findings across OECD Countries. OECD publish-
ing: paris, 2010.

 [2] lund T, labriola M, Christensen kB, et al. physical work 
environment risk factors for long term sickness absence: 
prospective findings among a cohort of 5357 employees in 
Denmark. BMJ 2006;332:449–52.

 [3] laaksonen M, pitkaniemi J, rahkonen O, et  al. Work 
arrangements, physical working conditions, and psychoso-
cial working conditions as risk factors for sickness absence: 
Bayesian analysis of prospective data. Ann Epidemiol 
2010;20:332–8.

 [4] Saastamoinen p, laaksonen M, lahelma E, et al. Changes 
in working conditions and subsequent sickness absence. 
Scand J Work Environ Health 2014;40:82–8.

 [5] van Drongelen A, Boot Cr, Hlobil H, van der Beek AJ, et al. 
Cumulative exposure to shift work and sickness absence: 
Associations in a five-year historic cohort. BMC Public 
Health 2017;17:67.

 [6] Theis kA, roblin DW, Helmick CG, et al. prevalence and 
causes of work disability among working-age u.S. adults, 
2011–2013, nHIS. Disabil Health J 2018;11:108–15.

 [7] Statistics Finland. recipients of disability pension 2018.
 [8] Mauramo E, lallukka T, lahelma E, et al. Common mental 

disorders and sickness absence: A register-linkage follow-up 
study among Finnish municipal employees. J Occup Environ 
Med 2018;60:569–75.

 [9] nicholson pJ. Common mental disorders and work. Br Med 
Bull 2018;126:113–21.

 [10] virtanen M, vahtera J, pentti J, et al. Job strain and psycho-
logic distress influence on sickness absence among Finnish 
employees. Am J Prev Med 2007;33:182–7.

 [11] de vries H, Fishta A, Weikert B, et al. Determinants of sick-
ness absence and return to work among employees with 
common mental disorders: A scoping review. J Occup Reha-
bil 2018;28:393–417.

 [12] vetter C, Fischer D, Matera Jl, et  al. Aligning work and 
circadian time in shift workers improves sleep and reduces 
circadian disruption. Curr Biol 2015;25:907–11.

 [13] krystal AD, roth T and Simon rD, Jr. Shift work disorder 
case studies: Applying management principles in clinical 
practice. J Clin Psychiatry 2012;73:e25.

 [14] lahelma E, Aittomaki A, laaksonen M, et al. Cohort profile: 
The Helsinki Health Study. Int J Epidemiol 2013;42:722–30.

 [15] laaksonen M, Aittomaki A, lallukka T, et  al. register-
based study among employees showed small nonparticipa-
tion bias in health surveys and check-ups. J Clin Epidemiol 
2008;61:900–6.

 [16] piirainen H, Hirvonen M and Elo Al. The Work and Health 
interview study 2003. Basic report. Helsinki: Finnish Insti-
tute of Occupational Health, 2003.

 [17] lallukka T, rahkonen O, lahelma E, et  al. Sleep com-
plaints in middle-aged women and men: The contribution 
of working conditions and work-family conflicts. J Sleep Res 
2010;19:466–77.

 [18] Goldberg Dp, Gater r, Sartorius n, et al. The validity of two 
versions of the GHQ in the WHO study of mental illness in 
general health care. Psychol Med 1997;27:191–7.

 [19] Cano A, Sprafkin rp, Scaturo DJ, et  al. Mental health 
screening in primary care: A comparison of 3 brief measures 
of psychological distress. Prim Care Companion J Clin Psy-
chiatry 2001;3:206–10.

 [20] Holi MM, Marttunen M and Aalberg v. Comparison of 
the GHQ-36, the GHQ-12 and the SCl-90 as psychiatric 
screening instruments in the Finnish population. Nord J 
Psychiatry 2003;57:233–8.

 [21] van rijn rM, robroek SJ, Brouwer S, et  al. Influence of 
poor health on exit from paid employment: A systematic 
review. Occup Environ Med 2014;71:295–301.

 [22] Salonsalmi A, laaksonen M, lahelma E, et  al. Drinking 
habits and sickness absence: The contribution of working 
conditions. Scand J Public Health 2009;37:846–54.

 [23] Mänty M, kouvonen A, lallukka T, et al. Changes in physi-
cal and mental health functioning during retirement transi-
tion: A register-linkage follow-up study. Eur J Public Health 
2018;28:805–9.

 [24] nooijen CFJ, Del pozo-Cruz B, nyberg G, et  al. Are 
changes in occupational physical activity level compen-
sated by changes in exercise behavior? Eur J Public Health 
2018;28:940–43.

 [25] Stubbs B, vancampfort D, Manty M, et al. Bidirectional lon-
gitudinal relationship between leisure-time physical activity 
and psychotropic medication usage: A register linked follow-
up study. Psychiatry Res 2017;247:208–13.

 [26] lahti J, laaksonen M, lahelma E, et  al. The impact of 
physical activity on sickness absence. Scand J Med Sci Sports 
2010;20:191–9.

 [27] Ainsworth BE, Haskell Wl, Whitt MC, et al. Compendium 
of physical activities: An update of activity codes and MET 
intensities. Med Sci Sports Exerc 2000;32:S498–504.

 [28] Makowska Z, Merecz D, Moscicka A, et al. The validity of 
general health questionnaires, GHQ-12 and GHQ-28, in 
mental health studies of working people. Int J Occup Med 
Environ Health 2002;15:353–62.

 [29] Ervasti J, pietilainen O, rahkonen O, et  al. long-term 
exposure to heavy physical work, disability pension due to 
musculoskeletal disorders and all-cause mortality: 20-year 
follow-up-introducing Helsinki Health Study job exposure 
matrix. Int Arch Occup Environ Health 2019;92:337–45.

https://orcid.org/0000-0003-1142-0388
https://orcid.org/0000-0003-1142-0388
https://orcid.org/0000-0003-3841-3129
https://orcid.org/0000-0003-3841-3129

