Downloaded from www.sjweh.fi on October 18, 2019

Original article
Scand J Work Environ Health 2017;43(5):405-414
doi:10.5271/sjweh.3656
Work-related biomechanical exposure and job strain in midlife
separately and jointly predict disability after 28 years: a
Finnish longitudinal study
by Prakash KC, Neupane S, Leino-Arjas P, von Bonsdorff MB, Rantanen
T, von Bonsdorff ME, Seitsamo J, Ilmarinen J, Nygård C-H
Higher level of work-related biomechanical exposure and job strain in
midlife separately and jointly carried a higher risk for increase in
disability after 28 years. Mitigation of both of these co-occurring
exposures at work in midlife could reduce the risk of disability in later
life. Thus the workplace should be promoted as an arena for
preventive interventions regarding disability in old age.
Affiliation: School of Health Sciences, University of Tampere,
FI-33014, Tampere, Finland. Prakash.kc@uta.fi
Refers to the following texts of the Journal: 2009;35(2):96-112
2013;39(5):468-476 2014;40(4):335-342
Key terms: ADL; ageing; biomechanical exposure; disability;
exposure; Finland; Finland; IADL; interaction; job strain; longitudinal
study; occupation; occupational exposure; occupational exposure; old
age

This article in PubMed: www.ncbi.nlm.nih.gov/pubmed/28653077

Additional material
Please note that there is additional material available belonging to
this article on the Scandinavian Journal of Work, Environment & Health
-website.

This work is licensed under a Creative Commons Attribution 4.0 International License.

Print ISSN: 0355-3140 Electronic ISSN: 1795-990X Copyright (c) Scandinavian Journal of Work, Environment & Health

Original article
Scand J Work Environ Health. 2017;43(5):405–414. doi:10.5271/sjweh.3656

Work-related biomechanical exposure and job strain in midlife separately
and jointly predict disability after 28 years: a Finnish longitudinal study
by Prakash KC, MSc (Public Health),1, 2 Subas Neupane, PhD,1, 2 Päivi Leino-Arjas, PhD,3 Mikaela B von
Bonsdorff, PhD,4, 5 Taina Rantanen, PhD,4 Monika E von Bonsdorff, PhD,4, 5 Jorma Seitsamo, PhD,3 Juhani Ilmarinen, PhD,6 Clas-Håkan Nygård, PhD 1, 2
KC P, Neupane S, Leino-Arjas P, von Bonsdorff MB, Rantanen T, von Bonsdorff ME, Seitsamo J, Ilmarinen J,
Nygård C-H. Work-related biomechanical exposure and job strain in midlife separately and jointly predict disability
after 28 years: a Finnish longitudinal study. Scand J Work Environ Health. 2017;43(5):405–414. doi:10.5271/
sjweh.3656

Objectives We investigated whether the extent of biomechanical exposures and job strain in midlife separately
and jointly predict disability in old age.
Methods Participants of the Finnish Longitudinal Study on Aging Municipal Employees (FLAME) in 1981
(aged 44–58 years) responded to disability questionnaires in 2009 (1850 women and 1082 men). Difficulties in
performing five activities of daily living (ADL) and seven instrumental ADL (IADL) were used to assess severity
of disability (score range: 0–12, 0=no disability). Information on biomechanical exposures and job strain was
collected by questionnaire at baseline. Adjusted prevalence proportion ratios (PR) and 95% confidence intervals
(95% CI) were modelled using mixed negative binomial regression with robust variance. The joint effect of two
exposures was quantified using the concept of relative excessive risk due to interaction (RERI).
Results The overall prevalence of disability (score: 1–12) was 46.7% (women: 41%; men: 57%). Compared
to low-level exposures in an adjusted model, the PR of high baseline biomechanical exposures for each one
unit increase in the disability score was 1.31 (95% CI 1.10–1.55) and PR of high job strain was 1.71 (95% CI
1.26–2.32). Associations were rather similar in gender-stratified analyses. Furthermore, the joint effect (high
strain/high biomechanical) was multiplicative (women: PR 1.32, 95% CI 1.21–1.45; men: PR 1.27, 95% CI
1.13–1.44), but no additive effect was observed when fully adjusted.
Conclusion High biomechanical exposure and job strain in midlife were strongly associated with the severity
of disability in later life. The workplace could serve as arena for preventive interventions regarding disability
in old age.
Key terms ADL; ageing; Finland; IADL; interaction; occupation; occupational exposure; old age.

Adequate performance of activities of daily living
(ADL) is essential for independent living (1) and difficulty in performing ADL and instrumental ADL (IADL)
tasks is commonly used in assessing old age disability
(1–3). Physical frailties are known predictors of disability among older people (4, 5). The occupational class in
midlife also plays a vital role in the onset of later life
disability, with unskilled blue-collar workers being the
high-risk group compared to white-collar workers (6).
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However, work-related biomechanical and psychosocial
exposures are undeniably related to work disability
among all types of occupations (7), exposures such as
monotonous work, whole-body vibration, heavy physical work, prolonged standing, and low level of support
being the substantially associated ones.
High occupational physical loading activity in
midlife could likewise result in limitations in physical
functioning in later life (5, 8–11) which could, eventu-
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ally progress to disability. The work-related psychosocial exposure during midlife has persistent effects
into old age and substantially predicts disability pension in later life (12). There is variation in the type
of occupations of women and men, so the extent and
nature of work-related exposures and effects may vary
by gender (13). The joint effect of these exposures is
equally crucial to detect the probable health impact as
they are co-occurring exposures of midlife. A study of
the GAZEL cohort found an additive effect of the joint
biomechanical and psychosocial occupational exposures
on post-retirement disability (14) through the interaction
effect of the exposures. The same study reported genderspecific variations of the joint effects of the exposures.
The longitudinal evidence on individual associations
of biomechanical and psychosocial occupational hazards
with disabilities in later life, along with the evidence on
the prediction of disability by joint biomechanical and
psychosocial exposures is scarce. For the additional
examination of the rare joint effect along with the separate effect, we aimed to investigate whether work-related
biomechanical exposure and job strain (psychosocial
exposure) in midlife separately and jointly predict disability in later life in a cohort of Finnish public sector
employees followed up for 28 years.

Methods
Participants and design
This study is based on the Finnish Longitudinal Study on
Aging Municipal Employees (FLAME), a prospective
follow-up study which was conducted by the Finnish
Institute of Occupational Health. A baseline survey was
conducted in 1981 with the latest follow-up in 2009.
The baseline cohort consisted of 6257 of 7344 (85.2%
response rate) public sector employees aged 44–58 years
and was representative of the largest municipal occupational groups in Finland (15–17). The study population
of the present study comprised individuals who replied
at baseline and in 2009 on information about disability,
gathered by postal questionnaires (N=2932 complete data
on ADL and IADL tasks). According to the mortality data
(January 1981 to July 2009) obtained from the Finnish
National Population Register, 33.2% of the baseline
respondents died during the 28-year follow-up period.
The ethics committee of the Finnish Institute of Occupational Health, Helsinki, Finland approved the study.
Disability
The assessment of ADL and IADL tasks was done
by questionnaires distributed among the participants
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in 2009. Difficulty in performing ADL and IADL is
widely used as a measure of disability among the older
people (2, 18–20). Five ADL tasks (eating, going to
bed, dressing, bathing, and toileting) and seven IADL
tasks (preparing meals, doing laundry, shopping, doing
light domestic work, dosing/taking medicine, using the
phone, and management of personal finances) partly
adapted from Katz ADL (21) were used. The listed tasks
were assessed on a scale 0–4, (4=manage without difficulties, 3=manage with little difficulties, 2=manage with
lots of difficulties, 1=cannot manage without help from
others, and 0=cannot manage even with help of others).
In this analysis, responses were dichotomized (supplementary table A, www.sjweh.fi/index.php?page=datarepository). Then the dichotomized responses were
summed up to get a continuous score 0–12. Score 0 represented those who could perform all the tasks without
any difficulty (classified as non-disabled in this study)
and those who had at least some difficulty in performing
one or more of the 12 tasks scored 1–12 depending on
the number of tasks entailing difficulties (classified as
disabled in this study). The higher the score the more
severe the disability (3).
Biomechanical exposure
The assessment of work-related biomechanical exposure
was done using the self-reported responses to seven
questions related to exposures to biomechanical hazards.
The seven self-reported items were (i) continuous walking or movement, (ii) standing in one place, (iii) bent
or twisted postures, (iv) similar repeated movements,
(v) carrying objects by hand, (vi) sudden strenuous
efforts and (vii) other poor postures. All the items were
answered on a scale 0=not at all, 1=a little, 2=somewhat,
3=often, and 4=quite often, except item (vii) other poor
posture which was answered on 0=not at all, 1= a little,
2=somewhat or 3=often. The summary score (Cronbach’s α=0.84) ranging from 0–26 was dichotomized
into low (summary score=0–12) and high (summary
score=13–26) biomechanical exposure using the median
value 12 (22).
Job strain
Job control. Self-reported responses to ten questions
related to respondents’ possibilities for control, guidance,
and influence on the job were used to assess job control:
including (i) receiving guidance on the job, (ii) participating in planning the work, (iii) gaining promotion, (iv)
having chances for further training in professional skills,
(v) gaining recognition and respect, (vi) influencing the
work environment, (vii) having chances to use own abilities and talents, (viii) having the aptitude to learn new
things, (ix) communicating and working with co-workers,
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and (x) seeing the meaning of the work were answered
on a scale from 0=not at all, 1=a little, 2=somewhat, or
3=a lot. The summary score (Cronbach’s α=0.86) ranging from 0–30 was dichotomized into low (summary
score=0–16) and high (summary score=17–30) job control using the median value 16 (17, 22).
Job demands. The assessment of job demands was based
on the responses of the respondents to eight questions
about pressure and demands related to the job. The eight
self-reported items were namely: (i) tight time schedule,
(ii) hectic pace of work, (iii) taking responsibility, (iv)
pressure and interference from supervisor, (v) conflicting demands regarding work tasks and responsibility,
(vi) pressure of failure or making mistakes, (vii) isolation or loneliness, and (viii) monotonous work, which
were answered on a scale from 0=not at all, 1= a little,
2=somewhat, or 3=a lot. The summary score (Cronbach’s
α= 0.77) ranging from 0–24 was dichotomized into low
(summary score=0–6) and high (summary score=7–24)
job demands using the median value 6 (17, 22).
Job strain. Job demand–control concept from the
Karasek model was used to create job strain levels (23).
The dichotomized values of job demands and control
were used to construct the four levels of job strain:
namely low strain (high control and low demands), passive job (low control and low demands), active job (high
control and high demands), and high strain (low control
and high demands).
Covariates
The covariates used in this study were occupational class,
age, gender, alcohol intake, smoking status, body mass
index (BMI; kg/m2), physical activity, major chronic diseases and tenure period were assessed in baseline. Two
occupational groups namely white- and blue-collar workers were created being based on 13 job profiles, which
were a cluster of 133 different job titles (17). The tenure
period used in this study was occupationally active years
between the baseline of this study and retirement. Those
reporting smoking at least one cigarette per day were classified as current smokers. Information on alcohol intake
was classified into 0, ≤2 drinks a month, and ≥1 drink a
week being based on seven original categories. Physical
activity during leisure time in the previous year was classified in this study as active, moderately active, and inactive.
Information on major chronic diseases was related to the
diagnosis of chronic diseases of different body systems.
Statistical analysis
The descriptive characteristics of the subjects were first
cross tabulated as frequencies and percentages accord-

ing to biomechanical exposure and job strain, with significance level of P<0.05. An interaction term between
gender and exposures was tested and found statistically
significant (P<0.001) with respect to disability and
therefore the analyses were stratified by gender. Disability was over-dispersed so mixed negative binomial
regression with robust variances was used to calculate
prevalence proportion ratios (PR) and 95% confidence
intervals (95% CI). Negative binomial regression was
used in order to avoid errors related to overestimations.
The estimates for job strain are presented as pairwise
comparisons (Bonferroni adjusted). Tenure period from
the baseline survey until retirement was also used in
the model as an exposure item. Three models were fitted namely; model I was adjusted for age and tenure
period, model II was further adjusted for occupational
groups, and model III was further adjusted for smoking status, alcohol intake, physical activity, BMI, and
chronic diseases.
The potential interaction between biomechanical
exposure and job strain was quantified to check the
joint prediction of the exposures. PR and 95% CI of
multiplicative interaction and relative excessive PR
and 95% CI for additive interactions were estimated
using the advanced prefix known as “icp” from Stata,
which calculates the estimates of log relative risk to
use interaction contrast from the regression settings.
The setting uses the concepts of relative excessive risk
due to interaction (RERI= RR1, 1 – RR1, 0 – RR0, 1 + 1) to
calculate the estimates (24). In the given formula, RR1,
1 signifies the presence of high biomechanical and high
job strain (joint exposure), RR1, 0 signifies presence of
high biomechanical and absence of high job strain and
RR0, 1 signifies absence of high biomechanical and presence of high job strain. Additive interaction is meant to
be present if RERI >0 with statistical significance. Two
models were fitted, the first model was adjusted for age
and tenure period and the second model was further
adjusted for occupational groups, BMI, smoking status,
chronic diseases, alcohol intake and physical activity.
The overall test of the hypothesis and fit of the models
are presented in supplement table D (for pairwise comparisons of job strain) and supplement table E (RERI),
www.sjweh.fi/index.php?page=data-repository.
In order to account for potential bias of the study
due to dropout, we did a sensitivity analysis for which
we conducted a regression imputation. Information on
disability was imputed for those who were alive and who
failed to respond to the disability-related questionnaires
(N=1100) and for that we used the most recent responses
(follow-up of 1992 or 1997) from these respondents on
chronic conditions, sum score of mobility limitation
[squatting, bending, maintaining body position for 2
hours, lifting objects >10 kg, precise hand use, running
100 meters, walking 2 km and climbing three floors
Scand J Work Environ Health 2017, vol 43, no 5
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based on the International Classification of Functioning
(ICF)], workability, occupational class and age. We were
able to impute the information on disability for 521 out
of 1100 missing responses. The analysis for separate
and combined ADL and IADL disability were almost
identical, therefore only combined results are presented.
Likewise, there was no difference in the pattern of
associations in the results produced by the sensitivity
analyses with imputed data and those derived using the
original data. Therefore, the results are presented for the
original respondents only. In order to examine the effect
of mortality on the results, we made a secondary analysis where we included the deceased respondents in the
highest disability group. The results were comparable to
the original results (supplementary table F, www.sjweh.
fi/index.php?page=data-repository). Proportion/percentage calculation and cross-tabulation were conducted
in SPSS version 23.0 (IBM corporation, Armonk, New
York, USA) and all the other analyses and plotting were
done in STATA 14.0 (StataCorp LP, College Station,
Texas 77845, USA).

Tables 1 and 2 present the distribution of baseline characteristics according to biomechanical exposure and job
strain among 1850 women and 1082 men, respectively.
The overall prevalence of disability was 46.7% (severity
score: 1–12), which was 41% and 57% among women
and men, respectively. The baseline characteristics
according to biomechanical exposure and job strain
among non-respondent women (N=1542) and men
(N=1630) are presented in supplement tables B and C,
www.sjweh.fi/index.php?page=data-repository. PR
and 95% CI for biomechanical exposure and job strain
(pairwise comparisons) predicting disability are presented separately for all, men and women in table 3 in
three different models. In the age-adjusted model, high
baseline biomechanical exposure and high job strain was
significantly associated (model I) with a unit increase in
the severity of disability in later life compared to lowlevel exposures. The estimates were attenuated when

Table 1a. Baseline characteristics of women according to job strain and work-related biomechanical exposures, Finnish Longitudinal study
on Aging Municipal Employees (FLAME), 1981–2009.
Baseline
characteristics

Age (years)
Body mass index
Tenure period

N=1850

Biomechanical exposure
Low
(N=849)

Mean
49.6
25.0
9.3

SD
3.4
3.4
3.6

Mean
49.7
24.6
9.8

SD
3.4
3.4
3.6

Job strain

High
(N=1001)
Mean
49.5
25.3
9.0

Low
(N=615)

SD
3.3
3.3
3.6

Mean
49.7
24.7
9.3

Passive
(N=443)

SD
3.5
3.4
3.8

Mean
50.0
25.1
9.2

Active
(N=349)
SD
3.4
3.5
3.6

Mean
49.4
25.0
9.5

SD
3.2
3.4
3.2

High
(N=443)
Mean
49.5
25.4
9.3

SD
3.4
3.2
3.7

Table 1b. Baseline characteristics of women (continued).
Baseline
characteristics

Occupational class
White collar
Blue collar
Chronic diseases
No
Yes
Physical activity
Active
Moderately active
Inactive
Smoking status
Never
Former
Current
Alcohol intake
0
≤2 drinks/month
≥1drink/week

408

N=1850

Biomechanical exposure

Job strain

Low
(N=849)

High
(N=1001)

Low
(N=615)

Passive
(N=443)

Active
(N=349)

High
(N=443)

N

%

%

%

%

%

%

%

1256
594

68
32

87
13

52
48

84
16

53
47

77
23

53
47

637
1212

35
65

43
57

27
73

46
54

31
69

29
71

26
74

943
750
117

52
41
7

53
40
7

52
42
6

56
37
7

47
47
6

57
37
6

48
45
7

1473
229
148

80
12
8

76
15
9

83
10
7

79
13
8

80
12
8

79
13
8

80
11
9

1596
190
55

87
10
3

85
11
4

87
10
3

90
8
2

90
8
2

82
14
4

83
13
4
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further adjusted for occupational groups (model II).
When adjusted further for BMI, alcohol intake, chronic
diseases, smoking status, and physical activity during
previous years (model III), the estimates were mitigated,
but the direction of association remained unchanged.
High versus low biomechanical exposure had on average
49% and 37% higher likelihood, respectively for women
and men for a unit increase in severity of disability.
Likewise, high versus low strain carried significantly
higher likelihood for a unit increase in severity of disability among women (PR 1.47, 95% CI 1.08–2.01) and
men (PR 2.15, 95% CI 1.42–3.26), respectively.
The joint prediction of disability in old age by job
strain and biomechanical exposure in midlife are presented in figure 1 (all respondents) and figure 2 (gender
stratified) respectively in two different models. In the
model adjusted for age, the passive/high, active/high,
high/low, low/ high and high/high combinations of the
categories of jobs strain and biomechanical exposures
were on average highly associated with a unit increase
in severity of disability in old age compared to low/low

combination (model I) among all subjects and among
men. Among women only passive/high, active/high,
low/high, and high/high were highly associated (model
I). Further adjustment for chronic diseases, occupational
class, and other covariates in model II attenuated the
estimates, but did not change the direction of associations among all subjects, women and men. The estimates for joint (high/high) job strain and biomechanical
exposures described higher multiplicative interactions
among all (PR 1.28, 95% CI 1.19–1.38), women (1.32,
1.21–1.45), and men (1.27, 1.13–1.44) in the final model
compared to the low/low combination.
RERI estimates for the additive interaction of job
strain and biomechanical exposure are shown in table
4 in two models. The joint prediction of high strain
and high biomechanical exposure was additive among
women in model I (RERI 0.27, 95% CI 0.04–0.49) but
was attenuated and the direction was changed after further adjustment in model II.

Table 2a. Baseline characteristics of men according to job strain and work-related biomechanical exposures, Finnish Longitudinal study
on Aging Municipal Employees (FLAME), 1981–2009.
Baseline
characteristics

Age (years)
Body mass index
Tenure period

N=1082

Biomechanical exposure
Low
(N=743)

Mean
49.6
25.9
9.5

SD
3.4
2.8
3.8

Mean
49.6
25.9
9.8

SD
3.3
2.8
3.8

Job strain

High
(N=348)
Mean
49.7
25.8
8.9

Low
(N=355)

SD
3.4
2.9
3.7

Mean
49.7
25.7
10.2

Passive
(N=275)

SD
3.5
2.8
3.9

Mean
50.1
25.7
9.1

Active
(N=156)
SD
3.4
2.9
3.6

Mean
49.3
26.0
9.7

SD
3.3
2.9
3.9

High
(N=296)
Mean
49.3
26.2
8.8

SD
3.1
2.7
3.6

Table 2b. Baseline characteristics of men (continued).
Baseline
characteristics

Occupational class
White collar
Blue collar
Chronic diseases
No
Yes
Physical activity
Active
Moderately active
Inactive
Smoking status
Never
Former
Current
Alcohol intake
0
≤2 drinks/month
≥1drink/week

N=1082

Biomechanical exposure

Job strain

Low
(N=743)

High
(N=348)

Low
(N=355)

Passive
(N=275)

Active
(N=156)

High
(N=296)

N

%

%

%

%

%

%

%

422
660

39
61

53
47

10
90

56
44

21
79

58
42

25
75

391
691

36
64

42
58

24
76

46
54

33
67

36
64

28
72

570
442
53

53
42
5

56
40
4

48
44
8

58
36
5

48
45
6

53
45
2

52
42
6

412
489
181

38
45
17

39
45
16

35
46
19

38
47
15

38
47
15

38
35
27

39
46
15

554
356
164

52
33
15

52
32
16

50
35
15

52
31
17

57
30
13

45
36
19

50
36
14
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Table 3. Prevalence proportion ratios (PR) and 95% confidence
intervals (95% CI) for the association between work-related exposures (biomechanical and job strain) and later life disability, Finnish Longitudinal study on Aging Municipal Employees (FLAME),
1981–2009.
All
PR

Biomechanical a
High vs low
Job strain a, b
Passive vs low
Active vs low
High vs low
Active vs passive
High vs passive
High vs active
Biomechanical c
High vs low
Job strain b, c
Passive vs low
Active vs low
High vs low
Active vs passive
High vs passive
High vs active
Biomechanical d
High vs low
Job strain b, d
Passive vs low
Active vs low
High vs low
Active vs passive
High vs passive
High vs active

95 % CI

Women
PR

95 % CI

Active/Low

Men
PR

95 % CI

Active/High
Low/Low
(Referent)

1.62 1.38–1.91 1.98 1.59–2.47 1.75 1.36–2.24
1.72
1.50
2.31
0.87
1.34
1.54

1.27–2.32
1.09–2.07
1.70–3.14
0.63–1.21
0.99–1.82
1.10–2.16

1.40
1.25
2.15
0.90
1.54
1.72

0.95–2.06
0.82–1.92
1.40–3.32
0.58–1.38
1.02–2.34
1.08–2.75

2.16
2.12
2.55
0.98
1.18
1.21

1.40–3.35
1.31–3.43
1.67–3.90
0.61–1.58
0.77–1.80
0.75–1.93

1.35 1.14–1.60 1.69 1.33–2.14 1.47 1.13–1.92
1.44
1.49
1.94
1.03
1.35
1.30

1.07–1.95
1.08–2.05
1.42–2.65
0.74–1.43
0.99–1.83
0.93–1.83

1.22
1.22
1.86
0.99
1.52
1.53

0.82–1.80
0.80–1.86
1.20–2.87
0.65–1.54
1.00–2.30
0.95–2.44

1.88
2.15
2.24
1.14
1.19
1.04

1.20–2.94
1.34–3.45
1.44–3.48
0.69–1.88
0.78–1.82
0.63–1.71

1.31 e 1.10–1.55 1.49 1.17–1.89 1.37 1.06–1.78
1.43 e 1.06–1.93
1.37 e 0.99–1.90
1.71 e 1.26–2.32
0.96 e 0.68–1.35
1.19 e 0.89–1.61
1.24 e 0.88–1.75

1.13
1.08
1.48
0.95
1.30
1.37

0.76–1.69
0.70–1.67
0.97–2.24
0.61–1.49
0.87–1.96
0.86–2.17

1.99
2.08
2.15
1.05
1.08
1.03

1.26–3.13
1.30–3.34
1.39–3.34
0.62–1.76
0.71–1.64
0.62–1.71

Model I: adjusted for age, tenure period.
Bonferroni adjusted pairwise comparisons.
c
Model II: adjusted for age, tenure period and occupational group.
d Model III: adjusted for age, tenure period, occupational group, and other
covariates (chronic diseases, physical activity, alcohol intake, body
mass index and smoking status).
e Adjusted for items in model III including gender.
a

b

Discussion
The findings of this longitudinal study of a cohort of
Finnish public sector employees provides a strong evidence that high job strain and biomechanical exposure in
working life separately and jointly predict the severity of
disability in later life. The higher level of both exposures
was decidedly deleterious in both genders. The interactions of the high/high level of exposures compared to
low-level in midlife was highly associated with a unit
increase in severity of disability in later life among both
women and men.
Although occupational activity and exposures is
a crucial part of the daily lives of most adults, studies on occupational exposures as a potential source of
ADL and IADL disability later in life are scarce. Only
a limited number of earlier studies have acknowledged
work-related exposures as the long-term risk factors
of old age disability and impaired functioning (6, 14,
20, 25, 26). Heavy physical load and high job demands
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High/Low

Job strain/Biomechanical exposure

Work-related
exposures

Passive/Low

Low/High

High/High
0.8
1.0
Model: I

1.2

1.4

1.6

1.8 0.8
1.0
Model: II

1.2

1.4

1.6

1.8

Figure 1. Prevalence proportion ratios (PR) and 95% confidence intervals
(95% CI) for the association of later life disability and different combinations of joint work-related exposures (job strain and biomechanical
exposure) of midlife among all subjects; model I: adjusted for age
and tenure period; model II: further adjusted for gender, occupational
group, chronic diseases, body mass index, alcohol intake, smoking
status and physical activity; low/low category of exposures serve as
referent (ref); Finnish Longitudinal study on Aging Municipal Employees
(FLAME), 1981–2009.

were reported to be a risk factor for a decline in physical functioning (27) and functional limitations (28)
among the Dutch cohorts. Biomechanical exposure and
job strain in working life significantly predicted postretirement disability among the GAZEL cohort (14) and
work disability among Norwegian employees (6, 29).
Likewise, higher level of work-related exposures was
found to be long-term risk factors for musculoskeletal
disability (30), disability pensioning (12, 31–33), and
other chronic conditions (34). The findings of the present study corroborate these earlier findings, however, the
respondents of our study were older and the outcome of
interest was disability related to ADL.
Even though studies on the association between
work-related exposures in working life and disability are
limited, there is a lack of consistency in the findings. The
results of our study contradict the findings of a Swedish
study, which reported that occupational physical activity
had no significant association with ADL disability (35).
In our study, biomechanical exposure, which includes
frequent occupational physical activities, was associated
with high likelihood of higher disability. The risk of disability and disorders depends on the extent of exposures
and varies by occupational class (6, 16, 36). Physically
demanding work in midlife was found to be associated
with ADL disability among women in a study in Ireland
(26). Similarly, longest held manual occupations carried
high risk of ADL disability among a Taiwanese cohort
(6) and the risk of disability pensioning in Swedish
construction workers (37). Consequently, our findings
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Figure 2. Prevalence proportion ratios (PR) and 95% confidence intervals (95% CI) for the association of later life disability and different combinations of joint work-related exposures (job strain and biomechanical exposure) of midlife among women and men; model I: adjusted for age and
tenure period; model II: further adjusted for occupational group, chronic diseases, body mass index, alcohol intake, smoking status and physical
activity; low/low category of exposures serve as referent (ref); Finnish Longitudinal study on Aging Municipal Employees (FLAME), 1981–2009.

are parallel with these earlier studies because the high
risk of disability was attenuated but persisted after we
adjusted our results for occupational class (white- versus
blue-collar) in model II. Work-related exposures as risk
factors for future health outcomes may vary by gender
(14, 16, 25, 38). The gender specific variation was
clearly seen in our findings. The independent likelihood
of higher disability due to high biomechanical exposure
was higher among women and due to high strain was
higher among men, which are parallel to the findings
of (38).
An interaction effect is equally important along
with the independent effects of work-related exposure
on health functioning outcomes (33). Biomechanical
exposure and job strain in working life jointly predicted
post-retirement disability in the GAZEL cohort (14).
Likewise, elevated risk of musculoskeletal disability
was associated with combined high physical and psychosocial work exposures in a working population in
Sweden (38) and in the UK (39). Our findings are in
line with these earlier studies, although there were some
differences in the follow-up period, methodological

considerations, the age of the respondents, and type of
disability. The joint effect was biological with a significant RERI of 0.32 in the GAZEL cohort (14), and we
found a RERI of 0.27 among women for the high/high
combination of exposures in the age-adjusted model,
but it was not significant in the fully adjusted model.
Similarly, the statistical estimate of joint exposure (risk
ratio) was 3.6 for musculoskeletal disability among
women in a Swedish cohort (38) and 1.91 in a mixed
population in the GAZEL cohort (14) and the same
estimate was 1.28 (PR) in our study. These variations
could be explained by the differences in methods and
outcome of interest. The exposure of interest used in
(14, 38) was cumulative, but we used the exposures from
baseline only. Furthermore, the outcome in those studies were more related to musculoskeletal-pain-related
disabilities compared to ADL in our study. Our study
has added some epidemiological evidence to the current
body of literature regarding the risk of disability in old
age associated with the joint work-related exposures in
midlife. Prevention of high work-related exposures in
midlife could be significant not only for better physical
Scand J Work Environ Health 2017, vol 43, no 5
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Table 4. Estimates of excessive prevalence of higher disability
due to interaction between job strain and biomechanical exposure
expressed as relative excessive risk due to interaction (RERI) and
95% confidence interval (95% CI) for the association between
joint work-related exposures (biomechanical and job strain) and
later life disability, Finnish Longitudinal study on Aging Municipal
Employees (FLAME), 1981–2009.
Interactions

All

Job strain /
RERI
biomechanical
exposure
Passive /High
0.05
Model I a
0.05 c
Model II b
Active / High
0.22
Model I a
0.11 c
Model II b
High / High
0.09
Model I a
Model II b -0.06 c

95 % CI

Women
RERI

95 % CI

-0.09–0.19 0.07 -0.12–0.26
-0.19–0.09 -0.21 -0.41– -0.01
0.06–0.38 0.57
-0.05–0.28 0.38
-0.09–0.25 0.27
-0.22–0.10 -0.04

Men
RERI

95 % CI

0.07 -0.19–0.33
0.16 -0.07–0.39

0.38–0.77 -0.10 -0.42–0.21
0.18–0.58 -0.14 -0.44–0.16
0.04–0.49
-0.26–0.19

0.06 -0.22–0.34
0.05 -0.18–0.29

Adjusted for age and tenure period.
Adjusted for age, tenure period, occupational group, smoking status,
alcohol intake, body mass index, physical activity and chronic diseases.
c Adjusted for items in model II including gender.
a

b

functioning and good health in midlife, but also and
equally for better health outcomes in later life as well
(25). Thus midlife is the best phase of life to start prevention of health problems of old age (5). Most of our
findings highlight the significance of working conditions
and low work-related exposures in midlife not only for
proper physical functioning and good health in midlife
but also for better physical functioning and reduction of
the risk of disability in later life as well. Future studies
should shed more light on the interactive predictability
of these work-related exposures using different exposure
models.
Strengths and limitations
One of the strengths of this study is a long prospective
follow-up of almost three decades. Another strength is
that our study involved a large representative sample
of diverse occupations. Exploring the predictors of
old age disability, a public health indicator among the
rapidly growing elderly population is another potential
strength. The information on retirement and mortality
were taken from the national register rather than other
sources, which increases the reliability of the study. This
study contributes to the existing literature demanding
interaction studies of longitudinal design investigating
the interactions of work-related exposures in midlife to
predict functional limitations and disability in old age.
Among those who were alive, the response rate was
significantly higher in all waves and almost half of the
respondents from 1981 also responded in 2009 and the
non-respondents were older than the respondents.
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A potential limitation of the design was the availability of disability data from the last survey (2009)
only and its self-reported nature, which could have possibly been a subject of information and reporting bias.
Nonetheless, the assessment of ADL task and using the
severity of difficulty in performing the task are taken as
a valid and widely used measurement of old age health
and functional status (18). Although both exposure variables were self-reported and were subject to reporting
bias, we used the widely accepted Karasek model to create job strain. On the other hand, previous findings indicate at correlation between subjective and expert ratings
on work-related exposures (40). The measurement of the
exposure variable at a single time point at baseline could
be the subject of an underestimation of the association,
but we believe that the exposure level did not change
much during the follow-up because almost 3/4 of the
respondents did not change their jobs for >15 years (41).
Furthermore, no major changes in their work were seen
from the baseline survey until their retirement (41). The
other drawback could be the lack of data on items like
social support and supportive leadership at work, which
has been shown to be associated with disability (8). The
respondents in our study worked in the public sector,
but the findings are relevant to private sector employees
as well because in Finland the labor legislation applies
equally to all sectors and occupations. The results could
be generalized to countries with labor policies similar
to those in Finland.
Concluding remarks
Job strain and biomechanical exposure in working life
separately and jointly predicted disability in later life.
The higher the level of work-related biomechanical
exposures and job strain in midlife the higher was the
chance of increase in the severity of disability in later
life. These findings imply the need for mitigating both
of these exposures at work through proper workplace
interventions that could help in beginning to prevent old
age disability already in working age.

Acknowledgements
Monika E von Bonsdorff was funded by the Academy of Finland (grant number 294530; 307114;
303920); Mikaela B von Bonsdorff was funded by EU
H2020-PHC-2014-DynaHealth (grant number 633595).
Taina Rantanen was funded by Academy of Finland
(grant numbers 132597; 130285; 255403). Päivi LeinoArjas and Jorma Seitsamo were funded by a grant from
the Social Insurance Institution, Finland (grant number
53/26/2013).

Prakash et al

The contents of this article do not necessarily exemplify the views of the funding institutions and are exclusively the responsibility of the authors. The authors
declare no conflicts of interest.

References
1.

Tas U, Verhagen AP, Bierma-Zeinstra S MA, Odding E,
Koes BW. Prognostic factors of disability in older people: a
systematic review. Br J Gen Pract. 2007;57(537):319–23.

2.

Chan KS, Kasper JD, Brandt J, Pezzin LE. Measurement
Equivalence in ADL and IADL difficulty across international
surveys of aging: Findings from the HRS, SHARE, and ELSA.
J Gerontol B Psychol Sci Soc Sci. 2012;67B(1):121–32.
https://doi.org/10.1093/geronb/gbr133.

3.

4.

Prakash KC, Neupane S, Leion-Arjas P, von Bonsdorff MB,
Rantanen T, von Bonsdorff ME, et al. Midlife job profiles
and disabilities in later life: a 28-year follow-up of municipal
employees in Finland. Int Arch Occup Environ Health.
2016;89(6):997–1007. https://doi.org/10.1007/s00420-0161133-7.
den Ouden ME, Schuurmans MJ, Arts IE, van der Schouw YT.
Physical performance characteristics related to disability in
older persons: A systematic review. Maturitas. 2011;69(3):208–
19. https://doi.org/10.1016/j.maturitas.2011.04.008.

org/10.1016/j.archger.2012.12.005.
11. Hinirichs T, von Bonsdorff MB, Törmäkangas T, von
Bonsdorff ME, Kulmala J, Seitsamo J, et al. Inverse effects
of Midlife Occupational and leisure time physical activity on
mobility limitation in old age- A 28-Year prospective follow
up study. J Am Geriatr Soc. 2014;62(5):812–20. https://doi.
org/10.1111/jgs.12793.
12. Ropponen A, Samuelsson Å, Alexanderson K, Svedberg P.
Register- based data of psychosocial working conditions
and occupational groups as predictors of disability pension
due to musculoskeletal diagnoses: a prospective cohort
study of 24543 Swedish twins. BMC Musculoskelet Disord.
2013;14:268. https://doi.org/10.1186/1471-2474-14-268.
13. Messing K, Stock SR, Tissot F. Should studies of risk factors
for musculoskeletal disorders be stratified by gender? Lessons
from the 1998 Québec health and social survey. Scand J Work
Environ Health. 2009; 35(2):96–112. https://doi.org/10.5271/
sjweh.1310.
14. Sabbath EL, Glymour MM, Descatha A, Leclerc A, Zins
M, Goldberg M, et al. Biomechanical and psychosocial
occupational exposures: Joint predictors of post-retirement
functional health in the French GAZEL cohort. Advances
in Life Course Research. 2013;18:235–43. https://doi.
org/10.1016/j.alcr.2013.07.002.
15. Ilmarinen J, Suurnakki T, Nygård C-H, Landau K.
Classification of municipal occupations. Scand J Work Environ
Health. 1991;17(suppl 1):12–29.

5.

Vermeulen J, Neyens J CL, van Rossum E, Spreeuwenberg
MD, de Witte LP. Predicting ADL disability in communitydwelling elderly people using physical frailty indicators: a
systematic review. BMC Geriatrics. 2011;11:33. https://doi.
org/10.1186/1471-2318-11-33.

16. von Bonsdorff MB, Seitsamo J, Ilmarinen J, Nygård CH,
von Bonsdorff ME, Rantanen T. Work ability in midlife as
a predictor of mortality and disability in later life: a 28-year
prospective follow-up study. CMAJ. 2011;183(4):E235–42.
https://doi.org/10.1503/cmaj.100713.

6.

Li C, Wu SC, Wen SW. Longest held occupation in a lifetime
and risk of disability in activities of daily living. Occup
Environ Med. 2000;57(8):550–4. https://doi.org/10.1136/
oem.57.8.550.

7.

Sterud T. Work-related psychosocial and mechanical risk
factors for work disability: a 3-year follow-up study of
the general working population in Norway. Scand J Work
Environ Health. 2013;39(5):468–76. https://doi.org/10.5271/
sjweh.3359.

17. von Bonsdorff MB, Seitsamo J, von Bonsdorff ME,
Ilmarinen J, Nygård CH, Rantanen T. Job strain among
blue-collar and white-collar employees as a determinant
of total mortality: a 28-year population based follow-up.
BMJ Open. 2012;2(2):e000860. https://doi.org/10.1136/
bmjopen-2012-000860.

8.

9.

Guilley E and Lalive d’Epinay CJ. Social status and mortality
with activity of daily living disability in later life. J Gerontolol
B Psychol Sci Soc Sci. 2008; 63(3):S192–6. https://doi.
org/10.1093/geronb/63.3.S192.
Groffen D AI, Koster A, Bosma H, van den Akker M, Aspelund
T, Siggeirsdóttir K, et al. Socioeconomic factors from midlife
predict mobility limitation and depressed mood three decades
later; Findings from the AGES-Reykjavik Study. BMC Public
Health. 2013;13:101–6. https://doi.org/10.1186/1471-245813-101.

10. Idland G, Pettersen R, Avlund K, Bergland A. Physical
performance as long-term predictor of onset of activtities of
daily living (ADL) disability: A 9 year longitudinal study
among community-dwelling older women. Archives of
Gerontology and Geriatrics. 2013;56(3):501–6. https://doi.

18. Spector WD, Fleishman JA. Combining activities of
daily living with instrumental activities of daily living to
measure functional disability. J Gerontolol B Psychol Sci
Soc Sci. 1998;53B(1):S46–57. https://doi.org/10.1093/
geronb/53B.1.S46.
19. Jagger C, Matthews R, Matthews F, Robinson T, Robine
J-M, Brayne C. The burden of disease on disabilityfree life expectancy in later life. J Gerontol A Biol Sci
Med Sci. 2007;62(4):408–14. https://doi.org/10.1093/
gerona/62.4.408.
20. Kulmala J, von Bonsdorff MB, Stenholm S, Törmäkangas
T, von Bonsdorff ME, Nygård C-H, et al. Perceived stress
symptoms in midlife predict disability in old age: a 28-year
prospective cohort study. J Gerontol A Biol Sci Med Sci.
2013;68(8):984–91. https://doi.org/10.1093/gerona/gls339.
21. Katz S. Assessing self-maintenance: activities of daily
living, mobility, and instrumental activities of daily
Scand J Work Environ Health 2017, vol 43, no 5

413

Work-related exposures in midlife and disability in later life

living. J Am Geriatr Soc. 1983:31:721–7. https://doi.
org/10.1111/j.1532-5415.1983.tb03391.x.

Spain. European Journal of Public Health. 2015;25(4):673–7.
https://doi.org/10.1093/eurpub/cku204.

22. KC P, Neupane S, Leion-Arjas P, von Bonsdorff MB, Rantanen
T, von Bonsdorff ME, et al. Work-related biomechanical
exposure and job strain as separate and joint predictors of
musculoskeletal diseases: A 28-year prospective follow-up
study. Am J Epidemiol kwx189. https://doi.org/10.1093/aje/
kwx189.

33. Clausen T, Burr H, Borg V. Does affective organizational
commitment and experience of meaning at work predict risk of
disability pensioning? An analysis of register based outcomes
using pooled data on 40,554 observations in four occupational
group. Am J Ind Med. 2014;57(6):709–17. https://doi.
org/10.1002/ajim.22313.

23. Karasek RA. Job demands, job decision latitude, and
mental strain: implications for job redesign. Admin Sci Q.
1979;24(2):285–308. https://doi.org/10.2307/2392498.

34. Dembe AE, Yao X, Wickizer TM, Shoben AB, Dong X. Using
O*NET to estimate the association between work exposures
and chronic diseases. Am J Ind Med. 2014;57(9):1022–31.
https://doi.org/10.1002/ajim.22342.

24. van der Weele TJ, Knol MJ. A tutorial on Interaction.
Epidemiol. Methods. 2014;3(1):33–72.
25. Warhrendorf M, Sembajwe G, Zins M, Berkman L, Goldberg
M, Siegrist J. Long-term effects of psychosocial work stress in
midlife on health functioning after labor market exit – results
from the GAZEL study. J Gerontolol B Psychol Sci Soc Sci.
2012;67(4): 471–80. https://doi.org/10.1093/geronb/gbs045.

35. Rydwik E, Welmer A-K, Angleman S, Fratiglioni L, Wang
H-X. Is Midlife Occupational Physical Activity Related to
Disability in Old Age? The SNAC-Kungsholmen Study. PLoS
ONE. 2013;8(7):e70471. https://doi.org/10.1371/journal.
pone.0070471.

26. McCarthy VJC, Perry IJ, Greiner BA. Has your work worked
you too hard? Physically demanding work and disability
in a sample of the older Irish population. Ir J Med Sci.
2013;182:47–55. https://doi.org/10.1007/s11845-012-08247.

36. Arvidsson I, Gremark SJ, Dahlqvist, Axmon A, Karlson
Björn, Björk J, et al. Cross-sectional associations between
occupational factors and musculoskeletal pain in women
teachers, nurses and sonographers. BMC Musculoskelet
Disord. 2016;17:35. https://doi.org/10.1186/s12891-0160883-4.

27. Geuskens GA, Burdorf A, Barendregt PJ, Hazes JMW. A
high physical workload and high job demands hamper the
good prognosis in physical functioning in persons with early
inflammatory joint conditions. Rheumatology. 2011;50:789–
98. https://doi.org/10.1093/rheumatology/keq359.

37. Järvholm B, Stattin M, Robroek SJ, Janlert U, Karlsson B,
Burdorf A. Heavy work and disability pension – a long term
follow-up of Swedish construction workers. Scand J Work
Environ Health. 2014;40(4):335–42. https://doi.org/10.5271/
sjweh.3413.

28. Rijs KJ, van der pas S, Geuskens GA, Cozijnsen R, Koppes
LLJ, van der Beek AJ, et al. Development and validation of
physical and psychosocial job-exposure matrix in older and
retired workers. Ann Occup Hyg. 2013;58(2):152–70.

38. Vingård E, Alfredsson L, Hagberg M, Kilbom A, Theorell
T, Waldenström M, et al. To what extent do current and
past physical and psychosocial occupational factors explain
care-seeking for low back pain in a working population?
Results from the musculoskeletal intervention Norrälje study.
Spine (Phila Pa 1976). 2000;25(4):493-500. https://doi.
org/10.1097/00007632-200002150-00017.

29. Støver M, Pape K, Johnsen R, Fleten N, Sund ER, Ose
So, et al. Work environment and disability pension- an 18
year follow-up study in a Norwegian working population.
Scand J Public Health. 2013;41(6):587–96. https://doi.
org/10.1177/1403494813486965.
30. Grooten WJA, Mulder M, Josephson M, Alfredsson L, Wiktorin
C. The influence of work-related exposures on the prognosis of
neck/shoulder pain. Eur Spine J. 2007;16(2):2083–91. https://
doi.org/10.1007/s00586-007-0481-0.
31. Canivet C, Choi B, Karasek R, Moghaddassi M, StalandNyman C, Östergren P. Can high psycholodgical job demands,
low decision latitude, and high job strain predict disability
pensions? A 12-year follow-up of middle-aged Swedish
workers. Int Arch Occup Environ Health. 2013;86(3):307–19.
https://doi.org/10.1007/s00420-012-0766-4.
32. Benavides FG, Duran X, Gimeno D, Vanroelen, Martinez
JM. Labour market trajectories and early retirement due to
permanent disability: a study based on 14972 new cases in

39. Devereux JJ, Vlachonikolis IG, Buckle PW. Epidemiological
study to investigate potential interaction between physical
and psychosocial factors at work that may increase the risk of
symptoms of musculoskeletal disorder of the neck and upper
limb. Occup Environ Med. 2002;59(4):269–77. https://doi.
org/10.1136/oem.59.4.269.
40. Huuhtanen P, Nygård C-H, Tuomi K, Martikainen R. Changes
in stress symptoms and their relationship to changes at work in
1981-1992 among elderly workers in municipal occupations.
Scand J Work Environ Health. 1997;23(Suppl 1):36–48.
41. Nygård C-H, Huuhtanen P, Tuomi K, Martikainen R. Perceived
work changes between 1981 and 1992 among aging workers
in Finland. Scand J Work Environ Health. 1997;23(suppl
1):12–19.
Received for publication: 13 February 2017

414

Scand J Work Environ Health 2017, vol 43, no 5

