
ORIGINAL ARTICLE

Leisure time physical activity and strenuousness of work as
predictors of physical functioning: a 28 year follow up of a
cohort of industrial employees
P Leino-Arjas, S Solovieva, H Riihimäki, J Kirjonen, R Telama
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Aims: To examine associations of leisure time physical activity and physical strenuousness of work with
physical functioning 28 years later.
Methods: A cohort (n = 902) of metal industry employees was studied for exercise and housework activity
in 1973 and 1978, and for BMI, current smoking, strenuousness of work, grip strength, and chronic
diseases in 1973. Of the 670 survivors in 2000, 529 (79%) responded to all studied items in a follow up
questionnaire including the SF-36 Physical Functioning (PF) scale. Belonging to the lower quartile of the PF
scale denoted poor functioning.
Results: Vigorous exercise and housework activity were inversely associated with poor PF 28 years later in
both white-collar and blue-collar workers. Engaging in activities of any intensity was similarly associated
among the blue-collar workers. In a multiple logistic regression model including as independent variables
age, sex, occupational class, the number of chronic diseases, vigorous leisure time physical activity, BMI,
physical work strenuousness, and smoking (all measured at baseline), the risk of poor PF at follow up was
decreased by vigorous leisure time physical activity and increased by high physical strenuousness of work,
high BMI, and smoking. The effect of work strenuousness was mainly due to that among the blue-collar
group. Allowing for baseline grip strength did not materially alter the results.
Conclusion: Vigorous leisure time physical activity decreased the risk of poor physical functioning as
perceived considerably later in life, while high work strenuousness, smoking, and overweight increased it.
Among blue-collar workers a beneficial association was observed with all leisure time activity, including
that of lower intensity.

A
dequate physical functioning is needed for the inde-
pendent management of basic daily activities, self-care,
and transportation, and is a prerequisite for the

attainment of many higher level goals. It is thus a core
component of good quality of life.
Leisure time physical activity has multifaceted effects on

health1–5 and contributes to maintaining normal muscle
strength, joint function, and physical functioning.1 5–7 The
required intensity and duration of activity to reach various
health benefits is debated, but current opinion underlines the
public health importance of moderate intensity activity.5

A demonstration of a relation of leisure time physical
activity with physical functioning over a longer time-span is
complicated by variation in possible intervening factors
influencing the possibilities or motivation to engage in
physical activity, as well as physical functioning, such as
socioeconomic status, other components of lifestyle, and
health. Physical activity also generally decreases with
ageing.8 9

It is customary in most societies for women to carry by far
the bigger burden of housework. Among women, on average,
domestic housework activities constitute a major part of
regular physical activity,10 and should be taken into account
when examining relations between physical activity and
health outcomes.
Occupationally active people are more or less physically

active at work. High physical strenuousness of work tasks is
mostly considered as increasing the risk of musculoskeletal
disorders11 12 that may lead to poor physical functioning.13

While physical activity at work, as well as during leisure, is
generally linked with better cardiovascular health, excessive

work demands, particularly when connected with low job
control, constitute a risk for cardiovascular disease.14

We studied the long term associations of leisure time
physical activity and strenuousness of work with self-
reported physical functioning in a cohort representative at
baseline of white-collar and blue-collar employees in an
engineering company. Regarding leisure time activities, both
the whole range of energy expenditure and specifically
vigorous activity in exercising and housework were studied.
As potential confounders we considered sociodemographic
variables, existing chronic diseases, smoking, relative body
mass, and grip strength as a proxy for fitness.

METHODS
Data collection
The present study is part of a research programme with the
general aim to examine work related exposures, fitness, and
lifestyle factors as determinants of the development in
health. The study sample was drawn from among the
employees of the Valmet engineering company in Jyväskylä,
Central Finland. The study population comprised those
employed by Valmet for at least 15 months in January 1973
(n=2653). A systematic sampling according to strata by sex
(two thirds were men), age group (born before 1925 (33%),
1926–45 (39%), and 1946 or later (28%)), and occupational
class (upper/lower white-collar (44%), skilled/semi-skilled
workers (56%)) was made. People who refused to participate
were replaced with the one next in order on a reserve list (155

Abbreviations: BMI, body mass index; LTPA, leisure time physical
activity; PF, Physical Functioning scale
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replacements were made). In the spring of 1973, 902 subjects
participated in an examination by questionnaire, interview of
physical activity, and clinical investigations.15

Figure 1 presents the design and participation activity in
three follow up examinations of the cohort. The present
analyses concern primarily the baseline and the last follow up
(n=546). A subanalysis was made among those who
participated in both the first and the last follow up
(n=457). As of 30 November 2000, 232 subjects belonging
to the cohort had died, 108 of these for cardiovascular causes.
Of the survivors, 546 (81.5%) took part in a re-examination
questionnaire survey in the turn of 2000 and 2001 (74.0% in
the oldest, 86.0% in the middle, and 80.9% in the youngest
age group).

Measurements at baseline
Leisure time physical activity (LTPA) was measured using a
two phase checklist and interview method following
Montoye and Epstein16 and Reiff and colleagues.17 First, the
subjects responded to a 51 item checklist including leisure
time physical activities and housework activities typical for
urban Finnish adults. Two categories of activity were
considered: (1) sports, exercise, and physical recreation;
and (2) household chores. The examinees were asked to
check all activities of any frequency or duration in which they
had participated during the past 12 months. Space for other
activities was reserved in the list. Second, the subjects were
interviewed for 15–20 minutes by trained research assistants.
The subjects reported the frequency, duration, and intensity
of each activity marked on their list. Intensity (three grades:
low=neither getting out of breath nor perspiring; moder-
ate= to some extent getting out of breath and perspiring;
high=getting severely out of breath and perspiring heavily)
was only asked about for activities in which it can vary (for
example, asked for walking, but not for dishwashing).
Seasonal variation, sick leaves, and other deviations from
routine practice were inquired about in order to obtain an
estimate of the total time spent on each activity during the
past year. The reported intensity as well as the average energy
expenditure (coefficients obtained from the literature) of
each activity were taken into account in the scoring.
Two indicators of LTPA were constructed:

N Total exercise and housework activity refers to the product sum
of the time spent on exercise and household chores, each
multiplied in turn by its energy consumption (coefficient
estimates)

N Vigorous exercise and housework activity refers to the product
sum of the time spent on those physical activities and
household chores in which the energy expenditure
exceeded 500 kcal/hour, each multiplied in turn by its
energy consumption (above that limit).

The reliability of the assessment was studied by comparing
the estimates of time spent in LTPA as based on the interview
and on a diary of time usage with an accuracy of 15 minutes
for two weekdays and one Saturday and Sunday. The two
methods gave highly similar results. The interviewers, though
different persons at different follow ups, were trained for the
interview by the same senior scientist on each occasion. The
assessment method of LTPA is discussed in more detail
elsewhere.18 All subjects at baseline (n=902) underwent the
assessment of LTPA. For the logistic regression analyses, total
exercise and housework activity was put to tertiles. Vigorous
exercise and housework activity was dichotomised (no/yes).
Current regular smoking was classified as yes/no. One

subject had missing information on smoking status.
Weight was measured to the accuracy of 0.1 kg in light

sportswear and without shoes. Height was self-reported. Body
mass index (BMI; kg/m2) was available for all subjects and
was put to tertiles for analysis.
The questionnaire inquired: ‘‘How physically strenuous do

you consider your work on average?’’ The respondent was
asked to tick a number on a Borg scale from 6 to 20 (from
very, very light to very, very strenuous) as appropriate with
the subject’s own physical capacity as reference. The response
was used as the indicator of the physical strenuousness of work.
In the total material the scale was trichotomised (as near to
tertiles as possible) as 6–10= low, 11–13=medium, and
14–19=high. In an analysis within a restricted sample

Main messages

N Vigorous leisure time physical activity was associated
with reduced risk of poor physical functioning later in
life among both white-collar and blue-collar employ-
ees.

N Leisure time physical activity of any intensity showed an
inverse relation with poor functioning among blue-
collar workers.

N High physical strenuousness of work, overweight, and
smoking were predictive of later poor physical
functioning.

Policy implications

N Leisure time physical activity as a component of a
healthy lifestyle should be encouraged among both
white-collar and blue-collar employees.

N Decreasing physical work strenuousness may enhance
later physical functioning.

Baseline: 1973
(n = 902)

Follow-up 1: 1978
(n = 748)

Follow-up 2: 1983
(n = 654)

Follow-up 3: 2000–2001
(n = 546)

Death
(n = 232)

Figure 1 Participation in the three follow ups among the cohort. Of the
232 deaths, 12 occurred during 1973–78, 29 during 1978–83, and
190 during 1983–2000. In 1973, 1978, and 1983 the figures refer to
those who both returned a questionnaire and took part in a clinical
examination and interview. In 2000, 546 subjects returned the
questionnaire. Of these, 439 also participated in a clinical examination,
including an interview of leisure time physical activity.
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without chronic diseases the scale was dichotomised as 6–
10= low, 11–19=other. In stratified analyses by occupa-
tional class the following class limits were used: 7–12, 13–14,
15–19 for the blue-collar and 6–9, 10–11, 12–16 for the white-
collar employees. There were four subjects with missing
information on work strenuousness.
Occupational class was dichotomised to white-collar and

blue-collar workers.
Information on the occurrence of chronic disorders was

available for all subjects. The questionnaire inquired: ‘‘Have
you any long standing or permanent disease or disability?’’
Additional questions inquired the kind of disease up to four
diseases. A physician classified the labels according to the
ICD-8 on a three digit level. The number of disorders was
recorded and classified as 0=none, 1=one, 2=2 or more.
Grip strength of all subjects was measured twice from each

hand with a hand dynamometer.15 The best result was used
in the analyses.

Follow up in 1978
The assessment of LTPA and physical strenuousness of work
were similar to those at baseline (see above). Vigorous
exercise and housework activity in 1978 was used in a sub-
analysis concerning the stability of LTPA. Six subjects of the
748 that participated in the follow up had missing informa-
tion on this variable.

Follow up in 2000
Physical functioning was assessed using the Medical
Outcomes Study Short Form Questionnaire (SF-36)
Physical Functioning Scale (PF). Information on it was
available for 532 subjects. The 10 items cover limitations in
strenuous and moderately strenuous activities in general and
more specifically in climbing stairs, walking, bending or
kneeling, and in daily activities such as carrying bags,
washing, or dressing. Each item is scored from 1 to 3 and
summed. A high score represents good physical functioning.
The scale has been shown to have good psychometric
properties.19 We dichotomised the sum scale with the low
25% of the distribution as the cut point.
Respondents under 65 years of age (the general pensioning

age in Finland) were asked about their current working
status using the alternatives: 1= full-day work, 2= shor-
tened work week, 3=part time job, 4= temporarily laid off,
5=unemployed, 6=part time pension, 7=early pension,

8=disability pension, 9= for other causes outside the
workforce. The categories 1–4 were considered to represent
those still in working life.

Statistical methods
The associations of the PF score with the year of birth were
described with Pearson correlation coefficients. Otherwise
categorised age with the class limits of the original strata was
used.
The means and standard errors of the two measures on

LTPA, strenuousness of work, and the covariates, by sex and
occupational class were calculated. The association between
physical work strenuousness and LTPA were described with
Pearson correlation coefficients.
Logistic regression analysis was used in the main analyses

that described the associations of variables measured at
baseline (LTPA, strenuousness of work, and the covariates
BMI, smoking, age, sex, occupational class, and the number
of chronic disorders) with the PF score in the 28 year follow
up. First, age adjusted analyses were made. Second, mutually
adjusted models were calculated, separately for the two
measures of LTPA. Third, the mutually adjusted models were
recalculated in the subgroup where subjects with chronic
diseases at baseline were excluded.
In addition, logistic regression models including grip

strength among the independent variables were examined.
We also studied the relations of the two measures of LTPA
with PF with models made separately for the white-collar
and blue-collar employees.
Information on all variables at baseline and at the 28 year

follow up was available for 529 subjects (79% of the 670
subjects alive in the cohort). Among the subjects who
participated in both the five year and the 28 year follow up
studies (n=457 or 68% of those alive in 2000), we examined
the five year stability of vigorous LTPA and work strenuous-
ness with Pearson correlation coefficients. The significance of
stability of vigorous LTPA and work strenuousness regarding
their associations with physical functioning was studied by
logistic regression.

RESULTS
The age of the 529 subjects included in the analyses was 17–
64 years (mean 34.6) at baseline (mean 62.6 at follow up).
The PF score measured at follow up ranged from 10 to 30,
with a mean of 23.4 (SD 5.2) in women and 25.5 (5.2) in men

Table 1 Leisure time physical activity scores, physical strenuousness of work, BMI, and
the proportion of current smokers and those with chronic disease at baseline, by sex and
occupational class

Women (n = 183) Men (n = 346)
Mean (SE) Mean (SE)

Total exercise and housework activity 2793.0 (92.1) 2025.2 (72.7)
Vigorous exercise and housework activity 135.7 (23.6) 262.8 (22.0)
Physical strenuousness of work 12.1 (0.19) 12.0 (0.16)
BMI 23.9 (0.27) 24.6 (0.16)
Current smokers (yes, %) 16.9 (0.03) 26.7 (0.02)
Chronic disease (yes, %) 33.9 (0.04) 32.5 (0.03)
Grip strength (Kp) 37.5 (0.34) 62.1 (0.49)

White-collar (n = 258) Blue-collar (n = 271)
Mean (SE) Mean (SE)

Total exercise and housework activity 2257.6 (80.3) 2316.2 (87.3)
Vigorous exercise and housework activity 264.5 (26.3) 176.2 (20.8)
Physical strenuousness of work 10.2 (0.14) 13.8 (0.13)
BMI 24.0 (0.19) 24.6 (0.21)
Current smokers (yes, %) 17.8 (0.02) 28.7 (0.03)
Chronic disease (yes, %) 26.7 (0.03) 37.6 (0.03)
Grip strength (Kp) 51.3 (0.84) 55.7 (0.87)

Results expressed as mean (SE).
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(p , 0.001), and 25.8 (4.9) in white-collar and 23.8 (5.5) in
blue-collar workers (p , 0.001). The age gradient in the
score was steep (r with the year of birth: 0.51 in women and
0.47 in men).
Of the subjects taking part in the follow up in 2000, 352

(66%) were under 65 years of age. Of these, 75% were still in
working life (11% unemployed), 21% were on some type of
early pension (7% on disability pension), and 4% were
outside the workforce for other reasons.
Table 1 presents the mean values of the LTPA variables,

strenuousness of work, and covariates by sex and occupa-
tional class. The association between physical work strenu-
ousness and LTPA was low (vigorous activity: r=20.08 in
the total material and 0.03 in the blue-collar workers; all
activity, respectively: r=0.07 and 0.07).

Strenuousness of work and LTPA at baseline in
relation to physical functioning in the 28 year
follow up
Table 2 presents age adjusted associations of baseline
vigorous exercise and housework activity and covariates with
poor PF at follow up, and a mutually adjusted model.
According to the model, vigorous exercise and housework
activity at baseline was protective of poor PF at follow up (OR
0.42; 95% CI 0.26 to 0.68), while physical strenuousness of
work at baseline was associated with poor functioning (high
v low strenuousness: 2.40, 95% CI 1.07 to 5.41). In addition,
increasing age, female sex, having several chronic disorders,
high BMI, and being a regular smoker increased the risk of
poor PF 28 years later.

Effect of chronic diseases
Of the 529 subjects included in the analyses, 171 reported
some chronic disease. The most common were those of the
low back, reported by 35 subjects (6.6%). Thirty persons
(5.7%) reported some cardiovascular disease, of which
hypertension was the most prevalent. Eleven subjects
(2.1%) had a chronic infection of the upper respiratory tract

or allergic rhinitis, and eight (1.5%) had asthma, chronic
bronchitis, or emphysema.
When the subjects with any chronic disorder at baseline

were excluded from analyses, the basic results were largely
retained. Vigorous exercise and housework activity at base-
line was inversely associated with poor PF at follow up (0.33,
95% CI 0.17 to 0.61), adjusted for age, sex, occupational class,
smoking, BMI, and physical strenuousness of work. In the
model, the odds ratio for the dichotomised work strenuous-
ness variable was 2.29 (95% CI 1.01 to 5.21).

Effect of grip strength
In all available subjects (n=529), the OR of a poor PF score
at follow up for the highest versus lowest tertile of baseline
grip strength was 2.89 (95% CI 0.98 to 8.51), adjusted for age
and gender. When grip strength was added among the
independent variables in the multivariate model (table 2) the
results remained largely the same: the OR for vigorous
exercise and housework activity was 0.44 (95% CI 0.27 to
0.71) and for the high versus low work strenuousness 2.36
(95% CI 1.05 to 5.29).

Stratified analyses by occupational class
The associations between vigorous activity and poor PF were
similar in both occupational classes (table 3) and sexes (data
not shown).
In the fully adjusted model (table 2) blue-collar occupa-

tional class was not associated with poor functioning. This
was mainly due to the effect of the work strenuousness
variable. Without the latter included, blue-collar occupational
class doubled the odds ratio of poor functioning (1.97; 95% CI
1.15 to 3.39). Stratified by occupational class and using class
specific categorisation, strenuousness of work at baseline
increased the risk of poor PF at follow up in the fully adjusted
model in the blue-collar group (medium strenuousness v low:
2.21, 95% CI 0.81 to 6.05; high v low: 3.08, 95% CI 1.18 to
8.09). Among the white-collar employees in the intermediate
and high categories of work strenuousness the risk of poor

Table 2 Determinants (at baseline) of poor physical functioning (SF-36) at follow up: age
adjusted associations and a logistic regression model*

n (cases)

Poor physical functioning

Adjusted for age Mutually adjusted*
OR (95% CI) OR (95% CI)

Vigorous exercise and housework
activity

No 222 (78) 1.00 1.00
Yes 307 (52) 0.34 (0.22 to 0.53) 0.42 (0.26 to 0.68)

Physical strenuousness of work
Low 154 (21) 1.00 1.00
Medium 210 (55) 2.50 (1.38 to 4.52) 1.96 (0.98 to 3.92)
High 165 (54) 3.50 (1.91 to 6.43) 2.40 (1.07 to 5.41)

Sex
Men 346 (67) 1.00 1.00
Women 183 (63) 1.95 (1.26 to 3.02) 2.38 (1.43 to 3.95)

Occupational class
White-collar 258 (47) 1.00 1.00
Blue-collar 271 (83) 2.58 (1.65 to 4.05) 1.36 (0.73 to 2.53)

Number of chronic disorders
None 358 (67) 1.00 1.00
One 121 (34) 1.31 (0.79 to 2.17) 0.95 (0.54 to 1.66)
>2 50 (29) 3.18 (1.62 to 6.26) 2.77 (1.30 to 5.89)

BMI�
Low 176 (20) 1.00 1.00
Medium 177 (38) 1.60 (0.86 to 2.96) 1.89 (0.98 to 3.66)
High 176 (72) 3.02 (1.66 to 5.48) 3.57 (1.84 to 6.90)

Smoking
No 405 (92) 1.00 1.00
Yes 124 (38) 1.87 (1.15 to 3.05) 2.16 (1.24 to 3.76)

*Model including all variables in the table and age; 22 log likelihood 442.82.
�Tertiles.
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functioning was also increased compared with those with
low strenuousness, but not statistically significantly (med-
ium v low: 2.06, 95% CI 0.87 to 4.90; high v low: 1.92, 0.77 to
4.81).
When total exercise and housework activity was studied,

the highest activity tertile had a decreased risk of poor PF at
the 28 year follow up compared with the lowest (0.44; 95% CI
0.23 to 0.84), adjusting for covariates as in table 2. The
association was mainly due to that among the blue-collar
workers (tables 3 and 4).

Effect of stability of work strenuousness and LTPA
The stability of physical strenuousness of work was high as
reflected by the correlation coefficient (r=0.69) of the scale
measured at baseline and in the five year follow up (n=457).
Those who belonged to the highest tertile of the score both at
baseline and at the five year follow up had a higher risk of
poor functioning (3.08; 95% CI 1.15 to 8.21, adjusting for age,
sex and occupational class) than those who belonged to the
lowest tertile on both occasions (the group with changes in
score tertile: 1.57; 95% CI 0.70 to 3.53).
Leisure time physical activity was less stable (vigorous

activity: r=0.32). However, it was observed that those who
engaged in vigorous exercise or housework both at baseline
and at the five year follow up had a clearly decreased risk of
poor PF at the 28 year follow up compared with those who
reported vigorous activity on neither occasion (OR 0.29; 95%
CI 0.16 to 0.55, adjusted for age, sex and occupational class),
while those who reported vigorous exercise either at baseline

or at the five year follow up were an intermediate category
(0.57; 95% CI 0.33 to 0.98).

DISCUSSION
In this study, physical functioning was assessed in terms of
related quality of life. The physical functioning scale of the
widely used Medical Outcomes Study SF-36 instrument
defines good quality of life as the absence of physical
limitation or disability. The scale reflects mostly variation in
physical health19 and is associated with established disease
risk factors.20 The SF-36 scale was not available at the study
start in 1973. We were not able to construct an indicator of
change in physical functioning over time, but looked at
associations of physical activity and work strenuousness, and
other predictor variables, with physical functioning 28 years
later. However, all subjects were occupationally active at
baseline, indicating minimal disability.
We found that high physical strenuousness of work

increased the risk of later poor functioning, while leisure
time physical activity was protective of it. The associations
were independent of each other. They were also robust and
not materially affected by adjustment for several covariates at
baseline. Of the studied covariates, high BMI, smoking, and
female sex, in addition to existing chronic diseases, increased
the risk of poor physical functioning. All observations are in
accordance with previous reports.20–22

The basic results were retained when existing chronic
diseases were allowed for in the multivariate analyses and
when these were repeated in the subgroup without chronic
diseases. Thus, the association of leisure time physical
activity with physical functioning did not seem to be due to
original health differences between those more versus less
active. With time, the health status among the subjects with
varying physical activity probably increasingly diverged, as
cardiovascular and other health differences developed.
Incident diseases might, of course, lead to a decline in
physical functioning.
Some previous findings support a long standing association

of physical activity with physical functioning. The lower self-
reported disability rate in the members of a runners’ club
aged 50 years and older as compared with controls was
sustained in a 13 year follow up.23 Among British men aged
40–59 years, physical inactivity was associated with locomo-
tor disability 12–14 years later, allowing for other lifestyle
characteristics and social class.24 When three levels of health
risks were defined based on smoking, body mass index, and
vigorous exercise patterns among former university alumni,
those with high risk had twice the cumulative disability of
those with low risk over 12 years.25 In a 10 year follow up of
elderly women and men from three US communities,

Table 3 Total and vigorous exercise and housework activity at baseline in relation to
poor physical functioning (SF-36) at follow up, by occupational class; logistic regression
analysis

White-collar Blue-collar

n (cases) OR (95% CI) n (cases) OR (95% CI)

Total exercise and housework
activity*

Low 86 (16) 1.00 90 (33) 1.00
Medium 86 (18) 0.97 (0.39 to 2.39) 91 (33) 0.67 (0.31 to 1.46)
High 86 (13) 0.86 (0.33 to 2.26) 90 (17) 0.27 (0.11 to 0.65)

Vigorous exercise and housework
activity

No 81 (24) 1.00 141 (54) 1.00
Yes 177 (23) 0.38 (0.19 to 0.76) 130 (29) 0.46 (0.25 to 0.85)

Odds ratios (OR) and 95% confidence intervals (CI) adjusted for age and sex.
*Tertiles based on distributions specific for occupational class.

Table 4 Associations of total exercise and housework
activity and strenuousness of work at baseline with poor
physical functioning (SF-36) at follow up among blue-
collar workers; multiple logistic regression model*

Poor physical functioning

n (cases) OR (95% CI)

Total exercise and housework
activity�

Low 90 (33) 1.00
Medium 91 (33) 0.70 (0.30 to 1.60)
High 90 (17) 0.24 (0.10 to 0.66)

Strenuousness of work`
Low 59 (9) 1.00
Medium 92 (31) 2.41 (0.87 to 6.69)
High 120 (43) 3.61 (1.35 to 9.51)

*Independent variables: total exercise and housework activity,
strenuousness of work, age, sex, number of chronic disorders, BMI, and
smoking at baseline.
�Tertiles among the blue-collar group.
`Borg scale categorised as 7–12= low, 13–14=medium, 15–19= high.
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physical activity was a key factor predicting non-disability
before death.26

During the long follow up, 232 subjects of the cohort died,
108 of them for cardiovascular causes. The material
represented the survivors well, due to the good response
rate. Those with high leisure time physical activity tend to
live longer.1 2 High leisure time physical activity was
protective of cardiovascular death among our cohort.27 This
means that survival in the cohort was selective, favouring
those initially more active. Increased selection of subjects
with low baseline activity out of the cohort through death
may have diluted associations of activity with physical
functioning. The higher non-response rate in the follow up
of older subjects may have a similar effect, although the
difference here was not large (among the survivors the
participation rate was 74% in the oldest, 86% in the middle,
and 81% in the youngest age group).
Could differences in original fitness between the physically

active and less active be an explanation for the observed
relations of activity and work strenuousness with physical
functioning? This was studied by using grip strength as a
proxy for fitness. Grip strength has been observed to be
inversely associated with mortality among initially healthy
men28 and to predict future functional ability.29 In our
analyses, taking the baseline value of grip strength into
account had little effect on the associations of physical
activity and physical functioning. It seems that confounding
by fitness differences at baseline does not account for the
results.
Several possible mechanisms might be suggested for an

association between leisure time physical activity and
physical functioning. First, the association may arise from
the fact that those who are fit and have good physical
functioning also tend to exercise more than the less fit.
Genetic constitutional factors have been implied as possibly
predisposing for both physical activity and physical function-
ing.30 On the other hand, the results may directly reflect the
effects of physical activity on the function of joints, muscles,
and other components of the musculoskeletal system.1

Another factor to take into account is that self-efficacy may
influence perceptions of functional ability independent of
actual physical abilities.31 It has been suggested that physical
activity favourably influences self-efficacy, self-esteem, and
confidence in physical functioning.7

Perceived physical strenuousness of work was associated
with poor functioning, showing an exposure-response
pattern. This association was also relatively insensitive to
adjustment for the covariates, including grip strength. Work
strenuousness was not predictive of mortality, and loss to
follow up through death was of little importance here
regarding the strength of the relation.
Although a considerable number of changes in work tasks

and working status had occurred among the respondents, a
clear pattern of associations with physical functioning
emerged. This implies considerable stability in the determi-
nant over time. There was a high correlation of work
strenuousness measured at baseline and at the five year
follow up. Later during the follow up this necessarily
decreased. At the Valmet company a relative stability of
employment ceased at the end of the 1980s, after which the
study subjects were widely dispersed in various workplaces in
the region. Only half of the sample belonged to the workforce
in 2000.
Why were associations of physical functioning with

physical strenuousness of work, on the one hand, and with
leisure time physical activity, on the other, of opposite
direction? Physical activity at work and during leisure differ
in many respects. The type, timing, duration, and intensity of
the latter may be chosen by the individual. Loading at work is

usually of a considerably longer duration, more repetitive and
monotonous, and less under the control of the performer
than exercise or housework. High subjective strenuousness of
work tasks increased the risk of poor functioning, particularly
in the blue-collar stratum of the cohort, in which very heavy
tasks occurred, particularly in the foundry. The workers
performed melting and casting of metal, kernel core setting,
forging, welding, powering and tooling, milling, turning,
drilling, and filing, as well as assembly and maintenance
work. In such jobs work demands may exceed the physical
capacity of the worker, leading to negative health effects in
the long term.32 Discrepancies between individual physical
capacity and physical demands of work are not infrequent,
even in today’s work life.33 34

White-collar employees engaged in vigorous leisure time
activities more often than blue-collar workers, in agreement
with other findings,35 while total physical activity did not
differ by occupational class. Vigorous activity was associated
with good functioning in both occupational groups, but the
overall score was protective of poor physical functioning only
among the blue-collar workers. Among them, an exposure-
response pattern was visible. Thus it seems that in those
doing physical work, even moderate activity during leisure is
enough, while among those in sedentary work, activity
should be more energy consuming for delaying a decrease of
functioning.
We observed that the association of occupational class with

physical functioning persisted when allowing for lifestyle
characteristics and chronic diseases. Similar findings have
been reported before.36 However, the association was con-
siderably reduced when physical strenuousness of work was
accounted for in the modelling. Then, in this cohort,
occupational class differences in physical functioning were
largely due to physical workload. The contribution of physical
work characteristics to social class differentials in health have
been little studied. However, in a large sample of the working
Dutch population it was observed that a substantial part of
the association between occupational class and poor per-
ceived general health could be attributed to a differential
distribution of hazardous physical working conditions and
low job control across occupational classes.37

In conclusion, it seems that engaging in exercise-like
activities and housework, particularly of higher intensity,
during midlife, is favourably reflected in physical functioning
decades later in older adulthood, while high strenuousness of
work is associated with later poor functioning. The exact
mechanisms of these associations remain to be elucidated.
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