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ABSTRACT
Objectives: The aim of this study was to examine
whether leisure time physical activity contributes to
subsequent physical and mental health functioning
among midlife employees. The associations were
tested in three occupational cohorts from Finland,
Britain and Japan.
Design: Cohort study.
Setting: Finland, Britain and Japan.
Participants: Prospective employee cohorts from the
Finnish Helsinki Health Study (2000–2002 and 2007,
n=5958), British Whitehall II study (1997–1999 and
2003–2004, n=4142) and Japanese Civil Servants
Study (1998–1999 and 2003, n=1768) were used.
Leisure time physical activity was classified into three
groups: inactive, moderately active and vigorously
active.
Primary outcome measure: Mean scores of
physical and mental health functioning (SF-36) at
follow-up were examined.
Results: Physical activity was associated with better
subsequent physical health functioning in all three
cohorts, however, with varying magnitude and some
gender differences. Differences were the clearest
among Finnish women (inactive: 46.0, vigorously
active: 49.5) and men (inactive: 47.8, active vigorous:
51.1) and British women (inactive: 47.3, active
vigorous: 50.4). In mental health functioning, the
differences were generally smaller and not that
clearly related to the intensity of physical activity.
Emerging differences in health functioning were
relatively small.
Conclusions: Vigorous physical activity was
associated with better subsequent physical health
functioning in all three cohorts with varying
magnitude. For mental health functioning, the intensity
of physical activity was less important. Promoting
leisure time physical activity may prove useful for the
maintenance of health functioning among midlife
employees.

INTRODUCTION
Physical inactivity is a major public health
problem worldwide.1 Physical inactivity is
associated with poor physical as well as
mental health functioning; however, the evi-
dence comes mainly from cross-sectional
studies.2 3 Previous prospective studies,
including the Nurses’ Health Study among
US women,4 the Australian Longitudinal
Study on Women’s Health,5 the British
Whitehall II (WHII) study6 and the Finnish
Helsinki Health Study (HHS),7 have also
shown that physical activity contributes to
subsequent physical functioning already in
midlife. There is evidence from the HHS
that higher intensity physical activity is asso-
ciated with better physical health function-
ing.7 Physical activity also contributes to
mental health functioning; however, the asso-
ciation is less clear as for physical health
functioning.4 5 In addition, a previous HHS
study suggests that, for mental health mea-
sured by psychotropic medication, the inten-
sity of physical activity is not that important

Strengths and limitations of this study

▪ We used data from three occupational cohorts
from Finland, Britain and Japan including
women and men.

▪ A strength was also similarly measured, namely
validated outcome of physical and mental health
functioning.

▪ In addition, we used follow-up data considering
key covariates in the analyses.

▪ Limitations include self-reported measures and
differences in the measurement of leisure time
physical activity.
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but increasing volume shows further benefits.8 A review
concluded that avoiding inactivity is important for
mental health.9

Finland, Britain and Japan are high-income countries
that apart from similarities also share dissimilarities.10

From a public health perspective, these affluent societies
differ.11 Leisure time physical activity patterns12–14 vary
between these countries. In Scandinavia and in particular
in Finland, participation in leisure time physical activity is
relatively high, and in Britain somewhat lower.12 A recent
study among 27 European countries13 also showed that
the prevalence of physical inactivity during leisure time
was the lowest in Finland (20%) and fairly high in the
UK (40%). Also in Japan, leisure time physical activity is
estimated to be low; only about one-fifth of midlife adults
engage in 30 min or more of exercise two or more times
per week.14 However, in Japan, the prevalence of over-
weight is very low15 compared with Britain and Finland
where overweight among adults is relatively common.16

Furthermore, health behaviours such as smoking and
alcohol use as well as socioeconomic patterns in health
behaviours are different between these countries.17

It may well be that the association between physical
activity and health vary between countries and cultures
with different health behaviour and physical activity pat-
terns. However, cross-cultural studies examining the asso-
ciation between physical activity and health in different
countries are rare. The aim of this study was to examine
whether leisure time physical activity contributes to sub-
sequent physical and mental health functioning among
midlife employees considering key covariates. The asso-
ciations were tested in three occupational cohorts from
Finland, Britain and Japan to show common and unique
patterns.

METHODS
Prospective employee cohorts from the Finnish HHS
(2000–2002 and 2007), British WHII I study (1997–1999
and 2003–2004) and Japanese Civil Servants Study
( JACS) (1998–1999 and 2003) were used.
The baseline questionnaire surveys of the HHS were

conducted in 2000, 2001 and 2002 among 40-year to
60-year-old employees of the City of Helsinki (n=8960,
response rate 67%) (http://www.hjelt.helsinki.fi/hhs).18

The follow-up survey was conducted in 2007 among all
the respondents of the baseline surveys (n=7332,
response rate 83%). We included only white-collar
employees excluding manual workers from the analyses
to improve comparability to the WHII cohort. The ana-
lyses included 4986 women and 972 men from the HHS.
The WHII is a cohort of white-collar civil servants

from 20 London-based civil service departments. At
baseline (1985–1988), all participants were aged 35–
55 years (n=10 308, response rate 73%) (http://www.ucl.
ac.uk/whitehallII).19 The follow-up surveys have been
conducted at 2.5-year intervals. We used phase 5 of data
collection (1997–1999, response rate 76%) as the

baseline and phase 7 (2003–2004, response rate 68%) as
the follow-up. We included the participants who were in
employment at wave 5 (65%) to improve the compar-
ability with the other two cohorts, in which all were
employed at the baseline. The analyses included 1064
women and 3078 men from the WHII study.
The baseline survey of the JACS was conducted in

1998–1999 among 20-year to 60-year-old local govern-
ment employees working in a west coast province of
Japan (n=4933, response rate 81%) (http://www.med.
u-toyama.ac.jp/healpro).20 The follow-up survey (2003)
included all those working at the time of the survey,
whether or not they had participated in the baseline
survey (n=4272, response rate 79%). We included only
white-collar employees excluding manual workers in the
analyses who were aged 35 years or over at baseline and
had responded to both surveys. The analyses included
514 women and 1254 men from the JACS.

Leisure time physical activity
In the HHS, the respondents were asked about their
average weekly hours of physical activity or exercise
during leisure time (commuting included) within the
previous 12 months in four grades of intensity: walking,
brisk walking, jogging and running, or their equivalent
activities.7 In the WHII, a detailed questionnaire on
leisure time different intensity physical activity/exercise
was used to describe typical weekly physical activity.21 In
the JACS, information on weekly hours of leisure time
physical activity/exercise was asked in three intensity
grades: light, moderate and vigorous. MET-hours per
week were calculated for the respondents in all three
cohorts using standardised MET values.22

Respondents in each cohort were classified into three
ordinal groups taking into account the volume and
intensity of physical activity: (1) inactive, (2) active
moderate (meeting the moderate-intensity recommen-
dation, eg, 2.5 h of brisk walking or equivalent activity
per week) and (3) active vigorous (meeting the recom-
mendation including vigorous physical activity, eg,
jogging or equivalent activity for 45 min per week and
brisk walking or equivalent activity for 1.5 h per week).8

Physical and mental health functioning
Physical (PCS) and mental (MCS) component summary
scores of the SF-36 health questionnaire were used as
measures of physical and mental health functioning in
this study. PCS and MCS are generic measures of phys-
ical and mental health functioning. The eight subscales
of the SF-36 include physical functioning, role limita-
tions due to physical problems, bodily pain, general
health perceptions, mental health, role limitations due
to emotional problems, social functioning and vitality.
Each of these subscales positively or negatively contri-
butes to both PCS and MCS. The PCS and MCS scores
are continuous variables ranging from zero to 100 with a
mean of 50 (SD=10) observed in the general US popula-
tion. Low scores imply poor health functioning, while
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high scores imply good health functioning. The SF-36
has good construct validity and high test-retest reliability
and internal consistency.23 24

Confounders
Confounders included age at the time of the baseline
survey. Socioeconomic position (SEP) was measured by
three occupational social classes for HHS and WHII:
managers, professionals and clerical. For JACS, man-
agers and professionals were combined.17 25 Body mass
index (BMI) was calculated by dividing the weight (kg)
by the height (m) squared. Heavy drinking was dichoto-
mised into heavy drinkers and those drinking less or
abstainers. The cut-off point for heavy drinking was over
16 and over 24 units of alcohol per week among men
and women, respectively.26 Smoking was dichotomised
into non-smokers (including ex-smokers) and
smokers following previous procedures.10 In addition,
employment status at the follow-up was dichotomised
into those working and those outside working life (eg,
retirees and unemployed).

Missing values
Those with missing values in the outcome, that is, PCS
and MCS at the follow-up surveys or baseline leisure
time physical activity, were excluded from the data. We
used multiple imputation analyses for replacement of
missing covariate values. In the HHS, the proportion of
missing covariate values was low, with about 3% (n=200)
of the participants having some missing values, whereas
in the WHII the proportion of participants with some
missing values was about 25% (n=996) and in the JACS
it was even higher at 30% (n=525).

Statistical analyses
The imputation analysis was conducted using the SPSS
V.20. Ten imputed data sets were created and assumption
of data missing at random was confirmed by the multiple
imputation procedure. The estimates are obtained by
averaging across the results from each of these 10
imputed data sets. We used a general linear model to cal-
culate adjusted means and 95% CIs for PCS and MCS at
follow-up by baseline physical activity groups. Statistically
significant (p<0.05) differences between physical activity
groups were indicated using the inactive as the reference
group. All analyses were carried out separately for
women and men in each cohort. In model 1, age was
adjusted for. In model 2, age and SEP, BMI, heavy drink-
ing, smoking and employment status at follow-up were
adjusted for. In model 3, covariates in model 2 and base-
line health functioning scores (PCS/MCS) were adjusted
for after which the differences in mean scores reflect the
emerging differences over the follow-up periods.

RESULTS
Description of baseline study variables are presented in
table 1. Among the Finnish employees, one-fourth of

women and men were considered inactive during their
leisure time (table 1). Men were vigorously active more
often than women. At baseline, the inactive had a phys-
ical health functioning mean score that was about four
points lower than that of the vigorously active. The
inactive also had lower scores of mental health function-
ing. Among the British employees, two-thirds of women
and half of the men were considered inactive. Also
among the British, men were vigorously active more
often than women. The inactive women had an over
three points lower physical health functioning score
than did the vigorously active, whereas among the men
the differences were smaller. In mental health function-
ing, the mean score differences were about two points,
similar to the Finnish employees. Among the Japanese
employees, a third of women and nearly half of the men
were considered inactive during leisure time. Also
among the Japanese, men were vigorously active more
often than women. In physical health functioning, there
were two point differences between physical activity
groups among men and no differences among women.
In mental health functioning, there were nearly three
point differences between physical activity groups
among women and men.

Leisure time physical activity and subsequent physical
health functioning
Women
Among Finnish women, the vigorously active (49.5
points) had significantly higher mean scores of physical
health functioning several years later than the inactive
(46.0 points), whereas the moderately active (47.0
points) had only a somewhat higher score than the
inactive in the age-adjusted model (table 2). After adjust-
ing for other confounders, differences between physical
activity groups attenuated but remained for the vigorous
group. After adjusting for baseline physical health func-
tioning statistical significance was lost; however, the pat-
terns between physical activity groups remained,
suggesting that some differences emerged during the
follow-up between the inactive and vigorously active.
Among the British women, the age-adjusted mean scores
showed clear differences similar to the Finnish women.
The vigorously active had significantly higher scores
(50.4 points) than the inactive (47.3 points), whereas
the moderately active (48.9 points) were in between.
Adjusting for confounders attenuated the associations
found but not to the same extent as among the Finnish
women. After adjusting for baseline physical health func-
tioning, no significant differences remained; however,
the emerging differences in mean scores remained
larger for the British than for the Finnish women.
Among the Japanese women, the association was differ-
ent; the inactive (47.1 points) and moderately active
(47.0 points) tended to have higher scores of physical
health functioning than the vigorously active (46.6
points), although the differences were not significant.
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Further adjustments for confounders and baseline
physical health functioning had no effects.

Men
Among the Finnish men, the vigorously active (51.1
points) and the moderately active (49.7 points) had sig-
nificantly higher mean scores than the inactive (47.8
points) in the age-adjusted model. After adjusting for
confounders, differences between physical activity groups
attenuated but remained significant. Adjusting for base-
line physical health functioning further attenuated the
differences and no significant differences emerged;

however, the patterns remained. Among the British men,
the age-adjusted mean scores showed relatively small dif-
ferences compared with the Finnish men, although the
vigorously active (51.2 points) had significantly higher
mean scores than the inactive (50.3 points). After adjust-
ing for confounders, no significant differences remained
and adjusting for baseline physical health functioning
further attenuated the differences and no clear patterns
remained. Among the Japanese men, the vigorously active
(50.8 points) had significantly higher mean scores than
the inactive (49.3 points). Adjusting for confounders
slightly attenuated the associations, but significant

Table 1 Description of baseline study variables by physical activity groups

Women Men

HHS Inactive

Active

moderate

Active

vigorous Inactive

Active

moderate

Active

vigorous

n (%) 1212 (24) 2258 (45) 1516 (30) 243 (25) 267 (27) 462 (48)

Age, M (SD) 50.0 (6.7) 49.7 (6.5) 47.7 (6.3) 51.5 (6.5) 52.4 (6.3) 49.6 (6.7)

SEP (%)

Managers 32.2 27.3 36.1 54.7 57.7 65.2

Professional 18.9 21.4 25.1 29.6 25.5 24.2

Clerical 48.9 51.3 38.9 15.6 16.9 10.6

Alcohol (%)* 3.0 3.1 2.2 7.8 9.0 3.9

Smokers (%) 23.6 19.7 16.2 26.7 29.6 17.1

BMI, M (SD) 26.6 (5.0) 25.4 (4.2) 23.7 (3.4) 27.6 (4.9) 26.3 (3.6) 25.2 (3.0)

PCS, M (SD) 47.3 (9.1) 48.6 (8.5) 51.5 (7.1) 48.9 (7.8) 51.0 (6.9) 52.7 (5.8)

MCS, M (SD) 50.4 (10.8) 51.8 (9.7) 52.1 (8.9) 49.8 (11.4) 52.5 (8.8) 51.8 (9.5)

Working (%)† 64.6 67.5 79.6 63.4 57.7 72.7

WHII Women Men

n (%) 748 (70) 134 (13) 182 (17) 1524 (50) 456 (15) 1098 (36)

Age, M (SD) 53.3 (4.9) 52.7 (4.9) 53.2 (4.8) 53.0 (4.7) 53.3 (4.9) 53.5 (5.2)

SEP

Managers 25.0 29.1 28.0 36.0 36.9 37.4

Professional 42.0 50.0 54.9 58.5 60.0 59.3

Clerical 33.0 20.9 17.0 5.5 3.1 1.3

Alcohol (%)* 11.0 15.7 17.0 20.1 25.0 24.3

Smokers (%) 13.6 9.7 7.7 9.6 8.6 6.3

BMI, M (SD) 26.4 (4.8) 25.9 (4.9) 25.9 (4.8) 26.5 (3.8) 25.9 (3.6) 25.8 (3.3)

PCS, M (SD) 49.7 (8.6) 50.9 (6.8) 52.9 (6.5) 52.0 (6.5) 52.7 (6.3) 53.3 (5.7)

MCS, M (SD) 48.3 (10.4) 50.2 (8.9) 50.5 (8.8) 49.9 (9.0) 50.8 (9.5) 51.9 (8.2)

Working (%)† 68.0 71.6 62.1 72.0 75.7 73.2

JACS Women Men

n (%) 181 (35) 288 (56) 45 (9) 571 (46) 407 (32) 276 (22)

Age, M (SD) 43.4 (7.5) 42.5 (6.9) 43.6 (6.3) 43.1 (7.1) 44.6 (7.4) 41.9 (7.2)

SEP

Mana. and Prof 30.1 30.7 28.4 43.3 36.2 33.0

Clerical 69.9 69.3 71.6 56.7 63.8 67.0

Alcohol (%)* 5.0 6.9 13.3 15.1 22.9 20.3

Smokers (%) 5.5 4.9 4.4 46.4 46.4 32.2

BMI, M (SD) 21.8 (2.8) 21.9 (3.0) 22.1 (3.2) 23.4 (2.5) 23.6 (2.7) 23.3 (2.7)

PCS, M (SD) 48.6 (7.5) 49.2 (6.7) 49.1 (5.9) 50.0 (6.2) 50.9 (5.8) 51.2 (6.2)

MCS, M (SD) 44.8 (8.7) 45.6 (9.2) 47.0 (8.5) 46.0 (9.3) 46.9 (9.7) 47.3 (8.8)

Working (%)† 100.0 100.0 100.0 100.0 100.0 100.0

*Over 16 drinks/week for women and over 24 drinks/week for men.
†Working at the follow-up, in JACS, only those continuously employed were contacted at follow-up.
BMI, body mass index; HHS, Helsinki Health Study; JACS, Japanese Civil Servants Study; MCS, mental component summary SF-36; PCS,
physical component summary SF-36; SEP, socioeconomic position; WHII, Whitehall II study.
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differences remained. After adjusting for baseline phys-
ical health functioning, significant differences were lost;
however, the emerging differences remained clearer than
for the Finnish and British men.

Leisure time physical activity and subsequent mental
health functioning
Women
In mental health functioning, among the Finnish
women, the moderately (52.3 points) and vigorously
active (52.4 points) had significantly higher mean scores
than the inactive (51.0 points) in the age-adjusted
model (table 3). Adjusting for confounders had no
effects. Adjusting for baseline mental health functioning
attenuated the associations found; however, the patterns
between physical activity groups and some significant dif-
ferences remained, suggesting that differences in mental
health functioning emerged during the follow-up.
Among the British women, the associations were clearer
than among the Finnish women in the age-adjusted
model, although only the vigorously active (52.6 points)
had significantly higher mean scores than the inactive
(50.4 points). Adjusting for confounders had no effect
on the associations found. Adjusting for baseline mental
health functioning attenuated the associations further,

however, the emerging differences were larger than for
the Finnish women. Among the Japanese women, the
age-adjusted mean scores were notably lower than for
the Finnish and British women. The vigorously active
women (46.7 points) had higher scores than the moder-
ately active (44.5 points) and inactive (43.5 points),
although they were statistically non-significant. Adjusting
for confounders had no effect on the differences.
Adjusting for baseline mental health functioning attenu-
ated the associations further; however, the emerging dif-
ferences were larger than for the Finnish and British
women.

Men
Among the Finnish men, there were no significant differ-
ences in mental health functioning between physical
activity groups (table 3), whereas, among the British
men, age-adjusted mean scores showed significant differ-
ences between the inactive (51.5 points) and the vigor-
ously active (52.9 points). Adjusting for confounders had
no effect on the associations found. Adjusting for base-
line mental health functioning attenuated the associa-
tions and no significant differences emerged, although
the patterns remained. Also among the Japanese men,
the age-adjusted mean scores of mental health

Table 2 Physical health functioning mean scores (95% CI) at follow-up by baseline leisure time physical activity among

women and men

Physical activity N Model 1 Model 2 Model 3

HHS women 4986

Inactive 1212 46.0 (45.5 to 46.6) 46.8 (46.3 to 47.3) 47.4 (46.9 to 47.8)

Moderately active 2258 47.0 (46.6 to 47.3)* 47.2 (46.8 to 47.5) 47.3 (47.0 to 47.6)

Vigorously active 1516 49.5 (49.1 to 50.0)* 48.6 (48.2 to 49.1)* 47.9 (47.5 to 48.3)

WHII women 1064

Inactive 748 47.3 (46.6 to 47.9) 47.4 (46.8 to 48.1) 47.7 (47.2 to 48.3)

Moderately active 134 48.9 (47.3 to 50.5) 48.6 (47.0 to 50.1) 48.5 (47.2 to 49.9)

Vigorously active 182 50.4 (49.0 to 51.7)* 50.0 (48.7 to 51.4)* 48.8 (47.6 to 50.0)

JACS women 514

Inactive 181 47.1 (45.9 to 48.2) 47.0 (45.9 to 48.2) 47.2 (46.1 to 48.2)

Moderately active 288 47.0 (46.1 to 48.0) 47.0 (46.1 to 48.0) 47.0 (46.1 to 47.8)

Vigorously active 45 46.6 (44.2 to 49.0) 46.6 (44.3 to 49.0) 46.6 (44.4 to 48.8)

HHS men 972

Inactive 243 47.8 (46.8 to 48.7) 48.6 (47.7 to 49.6) 49.5 (48.7 to 50.4)

Moderately active 267 49.7 (48.7 to 50.6)* 50.0 (49.1 to 50.8)* 50.0 (49.1 to 50.7)

Vigorously active 462 51.1 (50.4 to 51.8)* 50.5 (49.8 to 51.2)* 50.1 (49.5 to 50.7)

WHII men 3078

Inactive 1524 50.3 (49.9 to 50.7) 50.5 (50.2 to 50.9) 50.8 (50.5 to 51.1)

Moderately active 456 50.5 (49.8 to 51.2) 50.3 (49.6 to 51.0) 50.3 (49.7 to 50.9)

Vigorously active 1098 51.2 (50.7 to 51.6)* 50.9 (50.5 to 51.4) 50.6 (50.2 to 51.0)

JACS men 1254

Inactive 571 49.4 (48.8 to 49.9) 49.3 (48.8 to 49.9) 49.6 (49.1 to 50.1)

Moderately active 407 49.5 (48.9 to 50.2) 49.6 (48.9 to 50.2) 49.4 (48.7 to 50.0)

Vigorously active 276 50.8 (50.0 to 51.6)* 50.7 (49.9 to 51.5)* 50.5 (49.7 to 51.2)

Model 1: adjusted for age.
Model 2: adjusted for age, socioeconomic position, body mass index, smoking and alcohol use and employment status at follow-up.
Model 3: adjusted for age, socioeconomic position, body mass index, smoking and alcohol use, employment status at follow-up and baseline
physical health functioning.
*Significantly (p<0.05) different from the inactive.
HHS, Helsinki Health Study; JACS, Japanese Civil Servants Study; WHII, Whitehall II study.
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functioning were clearly lower than for the Finnish and
British men. The vigorously active (47.8 points) and
moderately active (47.6 points) had higher mean scores
than the inactive (46.6 points), although they were statis-
tically non-significant. Adjusting for confounders had no
effect on the differences. Adjusting for baseline mental
health functioning further attenuated the associations.

DISCUSSION
Leisure time physical activity was associated with better
subsequent physical health functioning in all three
examined cohorts; however, the magnitude of the asso-
ciations varied and some gender differences were found.
The clearest differences were found in subsequent phys-
ical health functioning among the Finnish women and
men and British women, suggesting that the vigorously
active have better physical health functioning. In mental
health functioning, the differences by physical activity
were generally smaller than for physical health function-
ing. The emerging differences in physical and mental
health functioning during the follow-up were of similar
magnitude and relatively small.
The benefits of vigorous activity on physical health

functioning were evident in all three cohorts, although

clinically meaningful differences (>3 points)27 were
observed only among the Finnish women and men as
well as the British women. However, for the general
population, there is no consensus on the magnitude of a
clinically meaningful difference.3 A previous study, with
the Finnish data, suggested that those vigorously active
have better physical health functioning than those mod-
erately active with the same total amount of leisure time
physical activity.7 The benefits of vigorous activity on
physical health functioning are also supported by
another earlier prospective study that followed a cohort
of Finnish industrial employees for 28 years.28 Some
studies have shown the importance of physical fitness on
functioning.29 Our findings relating to the benefits of
vigorous activity compared to moderate activity may also
reflect increased fitness. Muscle strength training, espe-
cially, is considered a particularly important part of exer-
cise in intervention studies.30 However, in these data, it
is not possible to examine muscle strengthening exer-
cises separately as the questionnaires do not allow it.
Previous prospective studies have suggested weaker

associations between physical activity and mental health
functioning than for physical aspects of health function-
ing,5 6 which is partly in line with our study. Those vigor-
ously active had better mental health functioning,

Table 3 Mental health functioning mean scores (95% CI) at follow-up by baseline leisure time physical activity among

women and men

Physical activity N Model 1 Model 2 Model 3

HHS women 4986

Inactive 1212 51.0 (50.4 to 51.6) 51.0 (50.5 to 51.6) 51.6 (51.1 to 52.1)

Moderately active 2258 52.3 (51.8 to 52.7)* 52.3 (52.0 to 52.5)* 52.2 (51.8 to 52.6)*

Vigorously active 1516 52.4 (51.9 to 52.9)* 52.3 (51.8 to 52.9)* 52.1 (51.6 to 52.5)

WHII women 1064

Inactive 748 50.4 (49.7 to 51.0) 50.4 (49.7 to 51.0) 50.6 (50.0 to 51.2)

Moderately active 134 52.0 (50.4 to 53.6) 52.0 (50.4 to 53.6) 51.5 (50.0 to 53.0)

Vigorously active 182 52.6 (51.2 to 54.0)* 52.6 (51.2 to 53.9)* 52.0 (50.7 to 53.2)

JACS women 514

Inactive 181 43.5 (42.0 to 45.0) 43.5 (42.0 to 45.0) 43.8 (42.3 to 45.2)

Moderately active 288 44.5 (43.3 to 45.7) 44.5 (43.3 to 45.7) 44.4 (43.3 to 45.6)

Vigorously active 45 46.7 (43.6 to 49.7) 46.7 (43.6 to 49.8) 46.2 (43.3 to 49.1)

HHS men 972

Inactive 243 52.1 (50.9 to 53.3) 52.1 (50.9 to 53.3) 53.0 (51.9 to 54.1)

Moderately active 267 51.9 (50.7 to 53.1) 52.2 (51.5 to 52.8) 51.8 (50.7 to 52.8)

Vigorously active 462 52.5 (51.6 to 53.3) 52.3 (51.4 to 53.2) 52.1 (51.3 to 52.9)

WHII men 3078

Inactive 1524 51.5 (51.1 to 51.9) 51.5 (51.1 to 51.9) 51.9 (51.5 to 52.2)

Moderately active 456 52.0 (51.2 to 52.8) 52.0 (51.2 to 52.8) 52.0 (51.3 to 52.7)

Vigorously active 1098 52.9 (52.4 to 53.4)* 52.9 (52.4 to 53.4)* 52.4 (52.0 to 52.8)

JACS men 1254

Inactive 571 46.6 (45.8 to 47.4) 46.6 (45.8 to 47.4) 46.9 (46.1 to 47.6)

Moderately active 407 47.6 (46.7 to 48.6) 47.6 (46.7 to 48.5) 47.6 (46.7 to 48.4)

Vigorously active 276 47.8 (46.7 to 48.9) 47.7 (46.6 to 48.9) 47.4 (46.3 to 48.4)

Model 1: adjusted for age.
Model 2: adjusted for age, socioeconomic position, body mass index, smoking and alcohol use, and employment status at follow-up.
Model 3: adjusted for age, socioeconomic position, body mass index, smoking and alcohol use, employment status at follow-up and baseline
mental health functioning.
*Significantly (p<0.05) different from the inactive.
HHS, Helsinki Health Study; JACS, Japanese Civil Servants Study; WHII, Whitehall II study.
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although the differences were not as clear as for physical
health functioning and, in addition, moderate-intensity
physical activity also had beneficial effects on mental
health functioning. The results of our study are in
accordance with previous studies, suggesting that the
intensity of physical activity is not that important for
mental health.8 9 An intervention study from Australia
showed that a combined aerobic and weight-training
exercise improves the mental health functioning of
employees.31

Good physical and mental health functioning is vital
for work ability and participation in everyday life. Poor
physical as well as mental health functioning (SF-36) has
been shown to predict longer sickness absence in the
Finnish cohort32 and even mortality.33 These self-
reported general measures of physical and mental
health functioning capture a wide range of health pro-
blems that affect health functioning in everyday life and
are thus important markers of health. In midlife, limita-
tions in functioning are usually related to chronic dis-
eases and conditions34 such as musculoskeletal diseases
and mental disorders. Physical activity is associated with
reduced risk of various musculoskeletal diseases such as
neck and low back disorders and arthrosis,35 which dir-
ectly influence physical functioning. Regular physical
activity is also associated with a reduced risk of mental
disorders such as depression and anxiety.36

Although there were similarities across countries, one
important contribution of this paper was to point out
that the associations also differed somewhat between the
three cohorts. One previous study suggests that physical
activity has similar associations with mortality in the
French GAZEL and British WHII cohorts.37 In our study,
the associations were quite similar for the Finnish and
British women, whereas among the Japanese women the
associations were found only for mental health function-
ing. Among men, there were more notable differences
between the cohorts as in contrast to the British and
Japanese men, among the Finnish men no differences
in mental health functioning were found between phys-
ical activity groups. In a previous study within the same
Finnish cohort, higher physical activity was, however,
associated with lower subsequent psychotropic medica-
tion purchases, suggesting an association with better
mental health.8 In addition, it should be noted that the
adjustment made for key covariates attenuated the
found associations more clearly among the Finnish
women and men than among the British and Japanese
employees. Differences in the distribution of covariates
between the cohorts might have contributed to this as,
for example, BMI differences by physical activity groups
tended to be clearer among the Finnish employees.
Since there are clear differences in the prevalence of
health behaviours and BMI between these countries as
well as among women and men, it would be intriguing
to examine, for example, whether there are differences
in the joint associations of BMI and physical activity with
health in these cohorts.

There were notable differences in physical activity pat-
terns between countries in this study. About a quarter of
the Finnish women and men were considered inactive,
whereas among the British physical inactivity was clearly
higher as half of the men and even more women were
considered inactive. This largely follows the physical
activity patterns reported in previous studies.12 13

Among the Japanese, a third of the women and nearly
half of the men were considered inactive. Vigorous activ-
ity was most common among the Finnish and least
common among the Japanese. Some similarities were
also observed in all three study cohorts as men were vig-
orously active more often than women, which is in
accordance with previous studies.38

Adjusting for the baseline health functioning score in
follow-up studies has been criticised as it may be prob-
lematic methodologically and lead to biased results if
the baseline score is associated with the exposure.39 40

In our study, physical activity was associated with physical
and mental health functioning scores at the baseline
measurement. We adjusted for PCS and MCS baseline
scores in the last model in which the mean score differ-
ences between physical activity groups should be inter-
preted as emerging differences over the follow-up
period. The baseline score adjusted differences between
physical activity groups were relatively small; in other
words, the differences between physical activity groups
remained largely the same over the follow-up. However,
some differences emerged over the follow-up, suggesting
that physical activity has a positive effect on physical as
well as mental health functioning.

Strength and limitations
We examined three occupational cohorts from high-
income countries: Finland, Britain and Japan. The data
collecting procedure was harmonised to a large extent
including similarly measured outcome and covariates.
The SF-36 is a well-known health measure used and vali-
dated in different countries,41 42 offering a self-reported
general measure of physical and mental health that has
also been used in previous studies.24 We were also able
to take key confounders into account in all three
cohorts. Absence of data on non-communicable condi-
tions is a potential limitation and could lead to con-
founding in the associations. However, we considered
baseline health status by adjusting for the baseline
health functioning. Furthermore, according to our sensi-
tivity analyses, adjusting for any limiting long-standing
illness at baseline produced similar results (data not
shown). There are also other limitations such as the use
of somewhat different physical activity questionnaire bat-
teries for measuring leisure time physical activity.
Although no physical activity questionnaire has proven
superior,43 the use of the same validated questionnaire
in each cohort would have strengthened the comparabi-
lity between cohorts. Slightly different MET values were
applied in each cohort; however, it was considered in
the classification, that is, in each cohort, MET-hours per
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week comparable to 2.5 h of brisk walking or equivalent
moderate-intensity activity were used as the cut-point for
being active. In general, these measures are to capture
the same phenomena, that is, leisure time physical activ-
ity, but direct comparisons between levels of physical
activity are not warranted. Since our focus was on the
association between leisure time physical activity and
subsequent health functioning, differences in the meas-
urement of physical activity are less crucial. Nonetheless,
caution should be applied when comparing the results.
Further studies examining the association between phys-
ical activity and health in different cohorts should use
objective physical activity measurements to improve com-
parability. When the outcome is also self-reported, same
source bias may exist. However, physical activity has
shown similar associations with register-based general
health measures such as disability retirement44 and mor-
tality21 45 in these data. In addition, there was some
missing information on study variables which might
cause bias to the examined associations. Therefore, we
used multiple imputation to correct for the possible bias
due to missing values of the covariates. We also made
complete case analyses (data not shown) and the asso-
ciations were broadly similar, suggesting only a minor
bias due to missing values. In addition, it should be
noted that the data sets are not the most recent;
however, using similar time frames from each study is
important for the comparability between the cohorts.
Furthermore, while, for example, working conditions
have changed during the past decades,46 possibly con-
tributing to this association, it is unlikely that the associ-
ation between physical activity and health functioning
has changed within the past decade.

CONCLUSIONS
We examined whether leisure time physical activity con-
tributes to subsequent physical and mental health func-
tioning among midlife employees from Finland, Britain
and Japan. Vigorous physical activity was associated with
better physical health functioning several years later
among the Finnish, British and Japanese employees,
however, with varying magnitude and some gender dif-
ferences. For mental health functioning, the intensity of
physical activity appeared less important. Nonetheless,
when motivating people to participate in regular phys-
ical activity, a focus on functioning is likely to prove
useful as it relates to people’s everyday lives and covers a
large number of midlife people. Promoting leisure time
physical activity among midlife employees may prove
useful for maintaining health functioning and work
ability.

Author affiliations
1Department of Public Health, University of Helsinki, Helsinki, Finland
2Department of Epidemiology and Public Health, University College London,
London, UK
3Finnish Institute of Occupational Health, Helsinki, Finland

4Department of Epidemiology and Health Policy, University of Toyama,
Toyama, Japan

Acknowledgements The authors thank all participating employees, and all
members of the Helsinki Health Study, Whitehall II Study and Japanese Civil
Servant Study groups.

Contributors All authors meet the criteria for authorship. JL performed
statistical analyses, interpreted the results and drafted the manuscript. JL, SS,
AS-M, MK, TT, MY, MS and TL contributed to the design of the study,
interpretation of results and drafting of the manuscript. All authors critically
reviewed the manuscript and approved the final version.

Funding The Helsinki Health Study has been supported by the Academy of
Finland (#1129225, #1257362), the Ministry of Education and Culture
(#6303383) and the University of Helsinki. TL is supported by the Academy
of Finland grant #287488. The Whitehall II study has been supported by the
US National Institutes of Health, the UK Medical Research Council (K013351)
and the Economic and Social Research Council. The Japanese Civil Servants
Study was supported by grants from the Ministry of Health, Labour and
Welfare, the Japanese Society for the Promotion of Science (24590787),
the Occupational Health Promotion Foundation, the Univers Foundation
(98.04.017), the Daiwa Anglo-Japanese Foundation (03/2059) and the Great
Britain Sasakawa Foundation (2551).

Competing interests None declared.

Ethics approval Appropriate ethical approvals have been received for the HHS
from the Department of Public Health, University of Helsinki and the City of
Helsinki health authorities, for the WHII from the University College London
ethics committee, and for the JACS, a committee of civil servants checked the
contents and ethical aspects of the study.

Provenance and peer review Not commissioned; externally peer reviewed.

Data sharing statement No additional data are available.

Open Access This is an Open Access article distributed in accordance with
the terms of the Creative Commons Attribution (CC BY 4.0) license, which
permits others to distribute, remix, adapt and build upon this work, for
commercial use, provided the original work is properly cited. See: http://
creativecommons.org/licenses/by/4.0/

REFERENCES
1. Beaglehole R, Bonita R, Horton R, et al. Priority actions for the

non-communicable disease crisis. Lancet 2011;377:1438–47.
2. Physical Activity Guidelines Advisory Committee. Physical activity

guidelines advisory committee report. Washington DC: US.
Department of Health and Human Services, 2008.

3. Bize R, Johnson JA, Plotnikoff RC. Physical activity level and
health-related quality of life in the general adult population:
a systematic review. Prev Med 2007;45:401–15.

4. Wolin KY, Glynn RJ, Colditz GA, et al. Long-term physical activity
patterns and health-related quality of life in U.S. women. Am J Prev
Med 2007;32:490–9.

5. Heesch KC, van Uffelen JG, van Gellecum YR, et al.
Dose-response relationships between physical activity, walking and
health-related quality of life in mid-age and older women.
J Epidemiol Community Health 2012;66:670–7.

6. Hillsdon MM, Brunner EJ, Guralnik JM, et al. Prospective study of
physical activity and physical function in early old age. Am J Prev
Med 2005;28:245–50.

7. Lahti J, Laaksonen M, Lahelma E, et al. The impact of physical
activity on physical health functioning--a prospective study among
middle-aged employees. Prev Med 2010;50:246–50.

8. Lahti J, Lallukka T, Lahelma E, et al. Leisure-time physical activity
and psychotropic medication: a prospective cohort study. Prev Med
2013;57:173–7.

9. Teychenne M, Ball K, Salmon J. Physical activity and likelihood of
depression in adults: a review. Prev Med 2008;46:397–411.

10. Lallukka T, Chandola T, Roos E, et al. Work-family conflicts and
health behaviors among British, Finnish, and Japanese employees.
Int J Behav Med 2010;17:134–42.

11. Silventoinen K, Tatsuse T, Martikainen P, et al. Occupational class
differences in body mass index and weight gain in Japan and
Finland. J Epidemiol 2013;23:443–50.

8 Lahti J, et al. BMJ Open 2016;6:e009788. doi:10.1136/bmjopen-2015-009788

Open Access

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.1016/S0140-6736(11)60393-0
http://dx.doi.org/10.1016/j.ypmed.2007.07.017
http://dx.doi.org/10.1016/j.amepre.2007.02.014
http://dx.doi.org/10.1016/j.amepre.2007.02.014
http://dx.doi.org/10.1136/jech-2011-200850
http://dx.doi.org/10.1016/j.amepre.2004.12.008
http://dx.doi.org/10.1016/j.amepre.2004.12.008
http://dx.doi.org/10.1016/j.ypmed.2010.02.007
http://dx.doi.org/10.1016/j.ypmed.2013.05.019
http://dx.doi.org/10.1016/j.ypmed.2008.01.009
http://dx.doi.org/10.1007/s12529-009-9050-8
http://dx.doi.org/10.2188/jea.JE20130023


12. Martinez-Gonzalez MA, Varo JJ, Santos JL, et al. Prevalence of
physical activity during leisure time in the European union. Med Sci
Sports Exerc 2001;33:1142–6.

13. Van Tuyckom C, Van de Velde S, Bracke P. Does country-context
matter? A cross-national analysis of gender and leisure time physical
inactivity in Europe. Eur J Public Health 2013;23:452–7.

14. Ministry of Health, Labour and Welfare of Japan, 2010. Health
Service Bureau, MHLW. 25.3.2013. http://www.mhlw.go.jp/english/
wp/wp-hw6/dl/02e.pdf

15. Funatogawa I, Funatogawa T, Nakao M, et al. Changes in body
mass index by birth cohort in Japanese adults: results from the
National Nutrition Survey of Japan 1956–2005. Int J Epidemiol
2009;38:83–92.

16. Kelly T, Yang W, Chen CS, et al. Global burden of obesity in 2005
and projections to 2030. Int J Obes (Lond) 2008;32:1431–7.

17. Lahelma E, Lallukka T, Laaksonen M, et al. Social class differences
in health behaviours among employees from Britain, Finland and
Japan: the influence of psychosocial factors. Health Place
2010;16:61–70.

18. Lahelma E, Aittomäki A, Laaksonen M, et al. Cohort profile: the
Helsinki Health Study. Int J Epidemiol 2013;42:722–30.

19. Marmot M, Brunner E. Cohort profile: the Whitehall II study. Int J
Epidemiol 2005;34:251–6.

20. Kagamimori S, Sekine M, Nasermoaddeli A, et al. Report on stress
and health survey in the Japanese civil servants. Toyama: University
of Toyama, 2002 (in Japanese).

21. Sabia S, Dugravot A, Kivimäki M, et al. Effect of intensity and type of
physical activity on mortality: results from the Whitehall II cohort
study. Am J Public Health 2012;102:698–704.

22. Ainsworth BE, Haskell WL, Whitt MC, et al. Compendium of physical
activities: an update of activity codes and MET intensities. Med Sci
Sports Exerc 2000;32:S498–504.

23. Ware JE, Kosinski M, Keller SD, eds. SF-36 physical and mental
component summary measures: a user’s manual. Boston, MA: The
Health Institute, New England Medical Center, 1994.

24. Ware JE. SF-36 health survey update. Spine (Phila Pa 1976)
2000;25:3130–9.

25. Sekine M, Chandola T, Martikainen P, et al. Socioeconomic
inequalities in physical and mental functioning of British, Finnish,
and Japanese civil servants: Role of job demand, control, and work
hours. Soc Sci Med 2009;69:1417–25.

26. Laaksonen M, Piha K, Martikainen P, et al. Health-related
behaviours and sickness absence from work. Occup Environ Med
2009;66:840–7.

27. Samsa G, Edelman D, Rothman ML, et al. Determining clinically
important differences in health status measures: a general approach
with illustration to the Health Utilities Index Mark II. Pharmacoeconomics
1999;15:141–55.

28. Leino-Arjas P, Solovieva S, Riihimäki H, et al. Leisure time physical
activity and strenuousness of work as predictors of physical
functioning: a 28 year follow up of a cohort of industrial employees.
Occup Environ Med 2004;61:1032–8.

29. Huang Y, Macera CA, Blair SN, et al. Physical fitness, physical
activity, and functional limitation in adults aged 40 and older. Med
Sci Sports Exerc 1998;30:1430–5.

30. Sillanpää E, Häkkinen K, Holviala J, et al. Combined strength and
endurance training improves health-related quality of life in healthy
middle-aged and older adults. Int J Sports Med 2012;33:981–6.

31. Atlantis E, Chow CM, Kirby A, et al. An effective exercise-based
intervention for improving mental health and quality of life measures:
a randomized controlled trial. Prev Med 2004;39:424–34.

32. Laaksonen M, Kääria SM, Leino-Arjas P, et al. Different domains
of health functioning as predictors of sickness absence—a
prospective cohort study. Scand J Work Environ Health 2011;37:
213–18.

33. Kroenke CH, Kubzansky LD, Adler N, et al. Prospective change in
health-related quality of life and subsequent mortality among
middle-aged and older women. Am J Public Health
2008;98:2085–91.

34. Aromaa A, Koskinen S, eds. Health and functional capacity in
Finland. Baseline results of the health 2000 health examination
survey. Helsinki, Finland: Hakapaino Oy, Publications of the National
Public Health Institute (KTL), 2004.

35. Vuori IM. Dose-response of physical activity and low back pain,
osteoarthritis, and osteoporosis. Med Sci Sports Exerc 2001;33:
S551–86; discussion 609–10.

36. Ströhle A. Physical activity, exercise, depression and anxiety
disorders. J Neural Transm 2009;116:777–84.

37. Stringhini S, Dugravot A, Shipley M, et al. Health behaviours,
socioeconomic status, and mortality: further analyses of the British
Whitehall II and the French GAZEL prospective cohorts. PLoS Med
2011;8:e1000419.

38. Trost SG, Owen N, Bauman AE, et al. Correlates of adults’
participation in physical activity: review and update. Med Sci Sports
Exerc 2002;34:1996–2001.

39. Glymour MM, Weuve J, Berkman LF, et al. When is baseline
adjustment useful in analyses of change? an example with
education and cognitive change. Am J Epidemiol 2005;162:
267–78.

40. Dugravot A, Gueguen A, Kivimaki M, et al. Socioeconomic position
and cognitive decline using data from two waves: what is the role of
the wave 1 cognitive measure? J Epidemiol Community Health
2009;63:675–80.

41. Hagman E. SF-36 terveyskysely koetun terveyden ja toimintakyvyn
mittarina/SF-36 health survey as a measure of health and functional
capacity (in finnish). Finnish Med J 1996;51:3534–9.

42. Fukuhara S, Suzukamo Y, Bito S, et al. Manual of SF-36 Japanese
version 1.2. Tokyo: Public Health Research Foundation, 2001
(in Japanese).

43. van Poppel MN, Chinapaw MJ, Mokkink LB, et al. Physical activity
questionnaires for adults: a systematic review of measurement
properties. Sports Med 2010;40:565–600.

44. Lahti J, Rahkonen O, Lahelma E, et al. Leisure-time physical activity
and disability retirement: a prospective cohort study. J Phys Act
Health 2013;10:669–75.

45. Lahti J, Holstila A, Lahelma E, et al. Leisure-time physical activity
and all-cause mortality. PLoS ONE 2014;9:e101548.

46. Mänty M, Kouvonen A, Lallukka T, et al. Changes in working
conditions and physical health functioning among midlife and ageing
employees. Scand J Work Environ Health 2015;41:511–18.

Lahti J, et al. BMJ Open 2016;6:e009788. doi:10.1136/bmjopen-2015-009788 9

Open Access

http://dx.doi.org/10.1093/eurpub/cks009
http://www.mhlw.go.jp/english/wp/wp-hw6/dl/02e.pdf
http://www.mhlw.go.jp/english/wp/wp-hw6/dl/02e.pdf
http://www.mhlw.go.jp/english/wp/wp-hw6/dl/02e.pdf
http://dx.doi.org/10.1093/ije/dyn182
http://dx.doi.org/10.1038/ijo.2008.102
http://dx.doi.org/10.1016/j.healthplace.2009.08.004
http://dx.doi.org/10.1093/ije/dys039
http://dx.doi.org/10.1093/ije/dyh372
http://dx.doi.org/10.1093/ije/dyh372
http://dx.doi.org/10.2105/AJPH.2011.300257
http://dx.doi.org/10.1097/00005768-200009001-00009
http://dx.doi.org/10.1097/00005768-200009001-00009
http://dx.doi.org/10.1097/00007632-200012150-00008
http://dx.doi.org/10.1016/j.socscimed.2009.08.022
http://dx.doi.org/10.1136/oem.2008.039248
http://dx.doi.org/10.2165/00019053-199915020-00003
http://dx.doi.org/10.1136/oem.2003.012054
http://dx.doi.org/10.1055/s-0032-1311589
http://dx.doi.org/10.1016/j.ypmed.2004.02.007
http://dx.doi.org/10.5271/sjweh.3131
http://dx.doi.org/10.2105/AJPH.2007.114041
http://dx.doi.org/10.1097/00005768-200106001-00026
http://dx.doi.org/10.1007/s00702-008-0092-x
http://dx.doi.org/10.1371/journal.pmed.1000419
http://dx.doi.org/10.1249/01.MSS.0000038974.76900.92
http://dx.doi.org/10.1249/01.MSS.0000038974.76900.92
http://dx.doi.org/10.1093/aje/kwi187
http://dx.doi.org/10.1136/jech.2008.081281
http://dx.doi.org/10.2165/11531930-000000000-00000
http://dx.doi.org/10.1371/journal.pone.0101548
http://dx.doi.org/10.5271/sjweh.3521

	Leisure time physical activity and subsequent physical and mental health functioning among midlife Finnish, British and Japanese employees: a follow-up study in three occupational cohorts
	Abstract
	Introduction
	Methods
	Leisure time physical activity
	Physical and mental health functioning
	Confounders
	Missing values
	Statistical analyses

	Results
	Leisure time physical activity and subsequent physical health functioning
	Women
	Men

	Leisure time physical activity and subsequent mental health functioning
	Women
	Men


	Discussion
	Strength and limitations

	Conclusions
	References


