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Work strain in midlife and 28-year work ability trajectories
by Monika E von Bonsdorff, PhD,1, 2 Katja Kokko, PhD,3 Jorma Seitsamo, PhD,1 Mikaela B von Bonsdorff,
PhD,2 Clas-Håkan Nygård, PhD,4 Juhani Ilmarinen, PhD,1 Taina Rantanen, PhD 2
von Bonsdorff ME, Kokko K, Seitsamo J, von Bonsdorff MB, Nygård C-H, Ilmarinen J, Rantanen T. Work strain
in midlife and 28-year work ability trajectories. Scand J Work Environ Health. 2011;37(6):455–463. doi:10.5271/
sjweh.3177

Objectives We investigated the 28-year development trajectories of work ability among initially middle-aged
male and female municipal employees and the association of perceived mental and physical work strain in midlife
by work ability trajectory groups.

Methods The baseline data of the Finnish longitudinal study of municipal employees (FLAME) were collected
in 1981 (N=6257) with follow-ups in 1985, 1992, 1997, and 2009. Work ability was assessed in all the waves
as present perceived work ability relative to lifetime best. Altogether, N=2690 had work ability data in 1981
and 2009, and at least for one wave in between these years, and were included in group-based semi-parametric
mixture modeling trajectory analyses. Baseline differences in mental and physical work strain according to the
work ability trajectories were assessed with MANCOVA (multivariate analysis of covariance).

Results A five-group work ability trajectory model was identified for men and a four-group model for women.
For the majority, a linear decline from excellent to moderate or moderate to poor work ability was observed while
non-linear trajectories with sudden collapse and, in some cases, modest subsequent recovery of work ability were
also observed. Individuals who maintained their work ability on an excellent-to-moderate level throughout the
follow-up more often reported low mental and physical work strain in midlife.

Conclusions A substantial proportion of individuals seem to maintain their work ability on a moderate level
from midlife to old age. Work strain may have far-reaching negative effects on individuals’ work ability from
midlife to old age, warranting vigilance in maintaining and promoting work ability throughout the lifespan.
Key terms ageing; development trajectory; mental work strain; physical work strain.

Work is a central activity in adult life and a resource
for satisfying economic and social needs. Physical and
psychological job demands influence our health, wellbeing, and longevity in many ways (1, 2). Physical
job demands, such as repetitive movements, awkward
posture, and pace have been associated with morbidity (3–5), disability retirement (6), and even mortality
(7, 8). According to recent Finnish research, a fourth
of employees rate their work as physically demanding
(9). Psychological job strain has been linked to an early
exit from working life (10) and mortality (11, 12), and
jobs characterized by high demands and low control
and social support are significant predictors of coronary
heart disease (13, 14).
1
2
3
4

Work ability, a concept based on the stress–strain
model (15, 16) and developed by Finnish occupational
health specialists, can be defined as equilibrium between
employees’ perception of the demands of his or her job
and his or her ability and resources to cope with those
demands (17). Individual factors, health and fitness,
lifestyle, and work demands are the strongest predictors of work ability (18–20). Earlier analyses based
on a shorter follow-up of current data have shown that
work ability declines from midlife onwards (21) and
decreased work ability predicts work disability, spells of
sickness absence, and early retirement from employment
(22–24). Only little is known about the changes in work
ability during retirement. However, midlife work ability
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Figure 1. Study flow chart

was found to correlate with old age disability among
women and with mortality among men (25).
Studying age-related changes using development
trajectories requires prospective data on the same individuals with at least three follow-ups. This type of an
analytical approach brings about features such as attrition due to selective mortality and non-linear changes
that are typical for aging studies. In this study, we
used development trajectories to capture the possible
non-linear changes in work ability during the 28-year
follow-up. Only people who survived the entire followup were included in analyses. Development trajectories
group individuals into different latent groups based
on similarity of observed changes over time (26–28).
Our second aim was to investigate the association of
perceived mental and physical work strain in midlife
with subsequent work ability trajectories stretching
over 28 years.

Responded

1981

N=5971

1985

N=5015

Missing data
No response n=859
Died n=97

No response n=1368
Died n=207

1992

N=3440

N=3679

N=239

1997

N=2695
N=484

No response n=814
Died n=170

N=3179
No response n=481
Died n=665

N=2033
2009

N=759

N=2792

Note. The baseline respondents (N=5971) were targeted at all data collection waves.

Figure 1. Study flow chart. Note: the baseline respondents (N=5971)
were targeted at all data collection waves.

Work ability

Methods
The Finnish longitudinal study on municipal employees (FLAME) by the Finnish Institute of Occupational
Health (29) targeted 7344 municipal employees aged
44–58 years chosen randomly from all persons working
in municipal occupations in Finland at baseline in 1981.
The baseline cohort consisted of 6257 employees. Data
on work ability were available for 5971 respondents
(81.3% out of the target population, 45.4% men). Since
the first questionnaire on various work, health, and
lifestyle factors was sent out in 1981, four consecutive
follow-up data collections have taken place: in 1985,
1992, 1997, and 2009. The Ethical Committee of the
Finnish Institute of Occupational Health approved the
follow-up study among ageing municipal employees.
Data on mortality was obtained from the Population
Register Centre in 2009.
The study flow chart (figure 1) shows the work
ability data available for each follow-up from 1981–
2009. Work ability trajectory data were obtained for
2690 participants (women N=1700, men N= 990). To
be included in the analyses, participants needed to
have data in 1981, 2009, and for at least one wave in
between these years.
Analysis showed that those who had died during
the follow-up were younger, more often men and bluecollar, and less often upper white-collar employees
compared to the respondents with work ability trajectory
data. In addition, the deceased had smoked more often,
consumed alcohol, and suffered from chronic illnesses,
had poorer work ability, and experienced more physical
strain compared to the respondents with work ability
trajectory data.
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Work ability was investigated in all the data waves as
a subjective assessment of present work ability compared to lifetime best, with the question: “Assume that
your work ability at its best has a value of 10 points.
What score would you give your current work ability?” This question is part of the 7-item work ability
index (WAI) and it has been found to capture most
of the individual differences of the entire index (30).
The WAI was developed at the Finnish Institute of
Occupational Health in the 1980s, and expresses how
individual resources correspond to job demands. Work
ability measured in 2009 was included in the work
ability trajectories, in order to explore change in work
ability with ageing. To define the work ability trajectories, the scores, ranging from 0 (“unable to work”)
to 10 (“work ability at its best”), were categorized
into tertiles: excellent (scores 9–10, highest quartile),
moderate (scores 7–8, two middle quartiles) and poor
(scores 0–6, lowest quartile) work ability, modified
from Gould et al (31).
Mental and physical work strain
Data on perceived mental strain was measured with
motivational reactions; physical strain was measured
with strain on the cardiorespiratory system and in the
upper and lower limbs at baseline in 1981. These scales
were based on previous research on work strain conducted at the Finnish Institute of Occupational Health
over several decades (32). Mental work strain was
assessed with Likert-type items related to employees’
feelings of reluctance towards going to work, staying
at work, and their general feelings of apathy (33). The
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Table 1. Baseline characteristics, work ability, and work strain (percentages unless stated otherwise). [Superscripts (1, 2, 3) indicate groups
of post-hoc tests; SD=standard deviation.]
Variable

Participants with work
ability trajectory data
available (N=2690) 1

Men
Married

37
76

37
72

61
75

Occupational group
Blue-collar
Lower white-collar
Higher white-collar

35
39
26

50
35
15

60
24
16

64
36

60
40

39
61

31
61
8

36
57
7

25
58
17

6
41
53

9
43
48

12
45
43

36
17
10
9

39
18
11
9

41
31
15
12

%

Smoking status
Never smoked
Ever smoked
Alcohol intake
None
≤2 times per month
≥ 1 per week
Physical exercise
Inactive
Moderate activity
Vigorous activity
Musculoskeletal disease
Cardiovascular disease
Respiratory disease
Metabolic disease
Age
Work ability a
Mental strain at work b
Physical strain at work c

Mean

SD

Non-respondents / no
work ability data available
(N=1488) 2
%

Mean

SD

Deceased during
follow-up
(N=2079) 3
%

Mean

P-value
c-test

P-value
F-test, post
hoc

SD
<0.001
0.008
<0.001

<0.001

<0.001

50.1
7.7
3.6
13.2

3.4
1.7
2.2
9.4

50.8
7.4
3.7
15.3

3.6
1.8
2.4
9.7

<0.001

0.001
<0.001
<0.001
0.003
52.1
6.9
3.8
15.8

3.6
2.1
2.4
9.8

1,2; 1,3; 2,3 d
1,2; 1,3; 2,3 d
1,3 d
1,2; 1,3 d

Work ability score, scale 0–10.
Scale ranging from 0–12, with 12 indicating maximum strain.
c Scale ranging from 0–40, with 40 indicating maximum strain.
d Tukey test P<0.001.
a

b

values of the scale varied between 0–12, with 12 indicating the maximum amount of mental strain experienced
by the respondents. The reliability of the scale was high
(Cronbach alpha 0.780).
The measure of physical work strain was formed
from three scales and contained a total of ten items.
Strain on the cardiorespiratory system was measured
with questions on exposure at work to sweating,
shortness of breath, and palpitations. Strain in the
upper and lower limbs was measured with questions
on exposure at work to strain in the knees, ankles,
feet in general, neck, arms, wrists, and digits. A summary score for physical work strain was calculated.
The values of the scale varied between 0–40, with 40
indicating the maximum possible amount of physical
stain that could be experienced by the respondents.
These scales included missing data. For those missing at most one item out of three for cardiorespiratory
strain (2.2%), two items out of four for strain in the
upper limbs (13.1%), or one item out of three for
strain in the lower limbs (3.6%), missing values were

imputed by a median value calculated from the other
items included in the scale to avoid unnecessary loss
of data. The reliability of the scale was high (Cronbach alpha 0.927).
Baseline covariates
Demographic information consisted of factors such as
age, gender, and marital status (married or cohabiting
versus other). Based on objective assessments of job characteristics, respondents were classified into the following
occupational groups: blue-collar (eg, maintenance, home
care, cleaning, nursing assistant), lower white-collar (eg,
transport work, dental care, nursing), and upper whitecollar (administrator, physician, teacher) employees (34).
The respondents were asked whether they had any
illnesses or injuries that a physician had diagnosed or
treated with a structured list. Illnesses included musculoskeletal diseases (eg, arthritis, degenerative diseases
of the back and extremities), cardiovascular diseases (eg,
hypertension and angina pectoris), respiratory diseases
Scand J Work Environ Health 2011, vol 37, no 6
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(eg, chronic obstructive pulmonary disease and asthma),
and metabolic diseases (eg, diabetes and obesity). Lifestyle factors such as smoking (never smoked or ever
smoked), alcohol consumption (never, twice a month
at most, or at least once a week), and physical activity
during previous year (inactive, moderate activity once a
week at most, or vigorous activity at least once a week)
were also raised in the questionnaires. These variables
were considered as potential confounders when exploring differences in the work ability trajectories according
to work-related physical and mental strain.
Statistical analysis
Differences in descriptive statistics and work strain at
baseline according to study participation were tested
with χ2-test or, by two-tailed analysis of covariance
(ANOVA) using SPSS 18.0 (IBM Corporation, Somers,
NY, USA) with a significance level of P<0.05. Trajectories of work ability for the 28-year follow-up were
analyzed using group-based semi-parametric mixture
modeling (26, 27). This method of analysis allows
researchers to identify distinct subgroups of individuals following different latent development trajectories
among the study population. In addition, it enables
estimation of the proportion of the study population
following each trajectory, as well as the assessment of
which of the trajectory groups each individual is most
likely to belong. The trajectories could vary in level of
work ability, as well as in the shape of its development
course, which meant that we could identify development
trajectories (eg, with quadratic forms).
To be included in the trajectory analyses, participants
needed to have data in 1981, 2009, and for at least one
wave (1985, 1992 or 1997) in between (N=2690). The
Bayesian information criterion (BIC) was used to determine the optimal number of groups when estimating the
model for the work ability trajectories. In accordance
with Nagin’s suggestion (26–27), the model with the
lowest BIC value was selected out of the different trajectory models. According to the maximum likelihood
probability rule, individuals on a given trajectory should
have a higher mean probability of assignment to this
group than to any of the other groups. A mean value of
0.80 or higher is generally considered to indicate good
model fit to the data (27). In this study, all of the mean
values levels were satisfactory. Besides being selected
purely on the basis of statistical criteria, the model
should capture the unique features of the data in as parsimonious a way as possible (27). Hence, we selected the
final models based on the BIC value and the size and the
interpretability. The trajectory analysis was performed
with an SAS 9.1-based TRAJ procedure (SAS Institute,
Cary, NC, USA).
Baseline differences in mental and physical work
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strain according to the work ability trajectory groups
were determined by using multivariate analysis of covariance (MANCOVA, SPSS 18.0). This test allowed us to
explore whether statistically significant between-group
differences in work strain could be detected. The work
ability trajectory was set as a fixed factor. As we were
interested in baseline differences in the work ability trajectories according to work strain, the age, marital status,
occupational group, illnesses, and lifestyle factors acted
as covariates in the analysis (35, 36). Separate models
were estimated for men and women. In order to meet the
homogeneity of variance assumption in MANCOVA, a
square root transformation was performed for both the
mental and physical work strain variables. In accordance
with the MANCOVA assumptions, a sufficient correlation existed between the dependent variables (r=0.255).

Results
A five-group trajectory model on work ability was
selected for the men (figure 2). All of the trajectories
followed a quadratic shape. The first group consisted
of men with excellent work ability declining slightly
and reaching moderate work ability during the followup. Group 1 was named “work ability declining from
excellent to moderate” (44.9% of men). In the second
group, work ability declined slightly from moderate,
flattening out as poor. Group 2 was named “work ability
declining from moderate to poor” (38.2% of men). In
the third group work ability had started out as moderate
and then declined rapidly, ending up as poor even after a
slight improvement after the initial decline. Group 3 was
named “U-shaped decline in work ability from moderate to poor” (9.7% of men). In the fourth group, work
ability showed a dramatic drop from the starting level
of moderate to poor by the end of the follow-up. Group
4 was named “work ability collapsing from moderate
to poor” (5.1% of men). In the final group, we found a
rapid decline in work ability from the starting level of
poor and finally reaching a plateau. Group 5 was named
“poor work ability declining in an L-shaped curve”
(2.1% of men).
For women, a four-group trajectory model on work
ability was selected (figure 3). As with the men, the
women’s work ability trajectories also took quadratic
forms. In the first group, we found excellent work ability slightly declining to moderate during the follow-up.
Group 1 was named “work ability declining from excellent to moderate” (60.1% of women). In the second
group, we found a dramatic drop in work ability from
moderate to poor during the follow-up. Group 2 was
named “work ability collapsing from moderate to poor”
(4.3% of women). The third group showed a U-shaped
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10
9

G1, work ability declining from
excellent to moderate (44.9 %)

8
7

G2, work ability declining from
moderate to poor (38.2 %)

6
5

G3, U-shaped decline in work ability
from moderate to poor (9.7 %)

4
3

G4, work ability collapsing from
moderate to poor (5.1 %)

2
1

G5, poor work ability declining in an
L-shaped curve (2.1 %)

0
1981

1985

1992

1997

2009

Figure 2 Development trajectories of work ability for men from midlife to older age on a scale of 0–10.

10
9

G1, work ability declining from
excellent to moderate (60.1 %)

8
7

G2, work ability collapsing from
moderate to poor (4.3 %)

6
5
4

G3, U-shaped decline in work
ability from moderate to poor
(28.1 %)

3
2

G4, U-shaped decline in poor
work ability (7.5 %)

1
0
1981

1985

1992

1997

2009

Figure 3 Development trajectories of work ability for women from midlife to older age on a scale of 0–10.

curve with work ability first declining from moderate
to poor and then slightly improving but still remaining
poor. Group 3 was named “U-shaped decline in work
ability from moderate to poor” (28.1% of women). The
last group started out with the lowest work ability score,
followed by a sharp drop and a slight improvement.
Group 4 was named “U-shaped decline in poor work
ability” (7.5% of women).
After identifying the work ability trajectories, differences in work strain according to the baseline work
ability groups were explored. The analyses were carried

out with MANCOVA. Models testing the between-group
variances in mental and physical work strain at baseline
were formed separately for men and women (table 2).
Age, marital status, occupational group, chronic illnesses,
and lifestyle factors were set as covariates in all models.
Differences in mental (F=14.769, df=4, P=0.001)
and physical strain (F=10.420, df=4, P=0.001) by the
work ability groups were detected for men (table 2).
The lowest amounts of mental and physical strain were
found for those whose work ability had declined only
slightly from excellent to moderate over the follow-up
Scand J Work Environ Health 2011, vol 37, no 6
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Table 2.Work strain by work ability trajectory groups, between-group variation tested with MANCOVA a. [95% CI=confidence interval.]
Trajectory group

Mental work
strain b

P-value

Mean

95% CI

1.4
1.8

U-shaped decline in work ability from moderate to poor
Work ability collapsing from moderate to poor

F test

Physical work
strain c
Mean

95% CI

1.5–1.3
1.9–1.7

2.7
3.6

2.9–2.5
3.8–3.5

1.8
1.6

2.0–1.6
1.7–1.4

3.9
3.4

4.2–3.6
3.8–2.9

Poor work ability declining in an L-shaped curve

2.3

2.6–2.1

4.3

4.8–3.8

Women
Work ability declining from excellent to moderate

Men
Work ability declining from excellent to moderate
Work ability declining from moderate to poor

>0.001

>0.001

14.769

1.7

1.7–1.6

3.0

3.1–2.9

Work ability collapsing from moderate to poor

1.9

2.0–1.7

20.243

3.8

4.2–3.4

U-shaped decline in work ability from moderate to poor

2.0

2.1–2.0

3.8

4.0–3.7

U-shaped decline in poor work ability

2.0

2.2–1.9

4.2

4.4–3.9

P-value

F test

>0.001

10.420

>0.001

13.376

Models were adjusted for age, marital status, occupational class, musculoskeletal diseases, cardiovascular disease, respiratory disease, metabolic
disease, smoking, alcohol consumption, and physical activity.
b Mental work strain, scale of the square root transformation ranging from 0–3.46, with 3.46 indicating maximum strain.
c
Physical work strain, scale of the square root transformation ranging from 0–6.32, with 6.32 indicating maximum strain.
a

(group 1). The highest amount of mental and physical
strain was found for those whose work ability was poor
at baseline and declined in an L-shape curve (group 5).
Differences in mental (F=20.243, df=3, P=0.001) and
physical strain (F=13.376, df=3, P=0.001) by the work
ability groups were also detected for women (table 2).
The lowest amount of mental and physical strain were
found for those whose work ability had declined only
slightly from excellent to moderate over the follow-up
(group 1). The highest amount of mental and physical
strain was found for those whose work ability started on
a poor level and ended up at an even poorer level after
a U-shaped decline (group 4).

Discussion
This prospective 28-year study was able to capture nonlinear changes in municipal employees’ work ability
from midlife to old age with trajectory analysis (27).
A five-group work ability trajectory model was identified for men and a four-group for women. Work ability
declined in all groups during the follow-up and we
detected several patterns of decline. Nevertheless, work
ability remained on a moderate level throughout the
follow-up for more than half of the women and nearly
half of the men. For the other half, work ability declined
more dramatically over time. Some patterns of decline
followed a U-shape, which meant that after a period of
decline, work ability increased after the follow-up in
1992 and 1997. During this time, most of the employees
transitioned into old age, disability, or individual early
retirement. The results of this study are in line with
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a recent study on work ability development trajectories among managers over ten years, which found that
despite the overall trend towards decline, the majority of
the respondents were located within the favorable work
ability trajectory (28).
The present analyses make a unique contribution
to this rather neglected area of research by combining
the quality of working life with older age perceptions
of work ability among a broad range of municipal
occupations. The results showed that mental and physical work strain in midlife differed according to the work
ability trajectories identified, spanning midlife to old
age. For men and women, those who maintained their
work ability on an excellent-to-moderate level throughout the follow-up also reported less mental and physical
strain in midlife. In turn, individuals whose work ability
was poor at baseline or who reported a marked drop in
their work ability during the early stages of the followup had also reported higher work strain at baseline.
Factors typically related to the development of older
employee work ability, such as age, health, and lifestyle
factors (35, 36) were controlled for in this study.
Possible work strain and discomfort experienced
during the work career tends to be reflected in work
ability (37) and other health-related outcomes (1–2)
in the long run. Work ability declines as employees
age (21, 38) especially among women. This is partly
explained by the diminishing mental and physical capacity of older employees. This in turn may lead older
employees to rate their workload as more stressful and
threatening than younger employees (39). Furthermore,
there is reason to believe that poor quality of working
life predicts mortality (7, 8, 11, 12) and disability in old
age (25).

von Bonsdorff et al

Baseline differences in work strain according to
work ability in this study may indicate that employees
in low-strain work are likely to report better subsequent
work ability and that those experiencing high work
strain in midlife are likely to report poor work ability in
later life. This interpretation would hold true especially
for those individuals whose work ability remained
excellent or moderate from midlife to old age and for
those whose work ability improved after retirement at
the follow-ups in 1992 and 1997. Previous studies have
found that work demands and physical condition are
some of the strongest predictors of work ability (18–20)
and that work-related musculoskeletal and mental strain
predict poor work ability, especially in the presence of
disease and high workload among middle-aged employees (37). The alternative explanation of the current
findings would be that consistently good work ability
in midlife protects individuals from experiencing mental or physical work-related strain in midlife. However,
the latter explanation is not the most likely one, since
the effects of ageing on work ability argue against it. In
addition, in the previous phases of the follow-up, the
present participants have reported increasing levels of
mental and physical work strain (40).

those who exit employment (41). The attrition analysis
showed that respondents who were included in the
trajectory analysis were slightly younger, more often
upper white-collar employees, had slightly better work
ability, and experienced less work-related physical
strain at baseline compared to those who died during
the follow-up or did not respond to the questionnaire.
As a result of this selection in the data, our results may
be an underestimation of the individuals with declining
work ability trajectories over time as well as those who
at baseline experienced physical work strain.
Caution must be taken when generalizing the results
to the population level, as occupational groups tend to
be healthier than the general population, which includes
persons outside the workforce. Hence, our findings are
applicable to municipal settings in Western countries.
This study did not explore the potential effect transitioning into retirement may have on the development of
work ability. Pre- and post-retirement work ability data,
combined with register-based retirement data could help
us understand the effect retirement has on individuals
work ability and their capacity to function in old age.

Evaluation of the study

Our study showed that work ability remained on a moderate level throughout the follow-up for more than half
of the women and nearly half of the men. This number
equaled more than 16% of the men and 31% of the women
out of the baseline cohort. Perceived mental and physical work strain in midlife differed according to the work
ability trajectories identified. Those who maintained their
work ability on an excellent-to-moderate level throughout
the follow-up had reported less mental and physical workrelated strain in midlife. It is plausible that employees
in low-stress occupations experience better subsequent
work ability and that those reporting high work strain in
midlife are more likely to suffer from poor work ability
in later life. Work strain may have far-reaching negative
effects on individuals’ work ability from midlife to old
age, warranting vigilance in maintaining and promoting
work ability throughout the lifespan.

The strengths of this study include the long prospective
follow-up in a large population-based dataset consisting
of a wide variety of municipal occupations. Men and
women were both represented in the study. In addition,
work ability is a validated measure, which has been
described as activity that is the result of the balance
achieved between work demands and strain and the
individual’s resources and ability to cope with these factors (17). As the data were reported by the employees
themselves, some self-report bias might have influenced
the results. Furthermore, it can be argued that work ability measured in old age is not a valid measure for the
resource-demand equilibrium. However, the participants
were asked to evaluate their current work ability against
their lifetime best. All of the respondents have been in
working life for many years and can be assumed to be
familiar with what paid employment entails. However,
we do not know whether the person would consider being
able to work in the same profession as before. Our conclusion is that a substantial proportion of the retired participants considered their work ability to be moderate. This
evaluation corresponds to a situation where middle-aged
people generally are capable to perform their work tasks.
Another potential limitation in the analyses is the
selective dropout from the study, which is inevitable
in long-term prospective designs. The “healthy worker
survivor effect” is an ongoing process where those who
stay in a specific occupation tend to be healthier than

Concluding remarks
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