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Abstract
Background  Physical inactivity and sedentary behaviour are major public health problems. We examined the 
individual and joint associations of leisure-time physical activity (LTPA) and total sitting time with emotional wellbeing, 
physical functioning and work ability in young and early midlife employees.

Methods  Cross-sectional questionnaire survey data were collected in 2017 among 19–39-year-old employees of 
the City of Helsinki (response rate 51.5%). LTPA (including commuting PA) was converted into a metabolic equivalent 
(MET) index. We classified the participants into four groups according to PA recommendations and participation in 
vigorous intensity activities. Total sitting time was classified into three groups using tertile cut-points (5.5 and 8.5 h/
day). For joint analyses, we truncated LTPA into three groups and sitting time into two groups yielding a six-category 
variable. Emotional wellbeing and physical functioning were measured using the RAND-36 questionnaire and work 
ability with a scale ranging from 0 to 100. Linear regression analysis was used to estimate adjusted means and their 
95% confidence intervals (CIs). The analytical sample included 4544 participants (80% females).

Results  Adjusting for age and sex, high sitting time (> 8.5 h/day) was associated only with poorer emotional 
wellbeing. LTPA, especially vigorous activity, showed clear positive associations with emotional wellbeing, physical 
functioning and work ability. For emotional wellbeing, the low activity groups with low (70.51, 95% CI 69.1–71.9) and 
high (67.5, 65.5–69.5) sitting time and the moderate activity groups with low (72.5, 71.3–73.7) and high (70.4, 68.6–
72.1) sitting time had statistically significantly lower mean scores than the corresponding vigorous activity groups 
with low (74.9, 74.2–75.7) and high (72.7, 71.6–73.9) sitting time. For physical functioning, the vigorous activity groups 
with low (96.3, 95.8–96.7) and high (96.2, 95.5–96.9) sitting time had significantly higher scores than the other groups. 
For work ability, the vigorous activity groups with low (82.0, 81.3–82.6) and high (80.8, 79.8–81.8) sitting time had 
significantly higher scores than the other groups. Adjusting for covariates only slightly attenuated these associations.
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Background
In contemporary Western societies, the need for physi-
cal effort in daily lives is often minimal, and sedentary 
behaviour is increasingly common. Furthermore, most 
people do not engage in physical exercise regularly even 
if the negative effects of physical inactivity on vari-
ous health outcomes are well established [1]. Sedentary 
behaviour is usually operationalised as sitting time and 
refers to behaviours of low energy expenditure, that is, 
equal or less than 1.5 metabolic equivalents (METs) [2]. 
In contrast, physical inactivity means a lack of moderate-
to-vigorous physical activity, that is, less physical activity 
than recommended for health benefits [2, 3]. Excess sed-
entary behaviour and low physical activity are associated 
with various adverse health outcomes such as obesity, 
diabetes, cardiovascular diseases [4], and mortality [5]. 
Sedentary behaviour and physical activity partly describe 
opposite ends of the same phenomenon; however, physi-
cal inactivity and sedentary behaviour also independently 
affect health [6]. In their meta-analysis, Ekelund and col-
leagues showed that a high volume of physical activity is 
needed to counteract the harmful effects of high seden-
tary time in relation to mortality risk [5]. Furthermore, in 
joint analyses, high sedentary time has been associated 
with increased risk of metabolic syndrome, independent 
of physical activity level [7]. However, functional health 
outcomes such as work ability have received less atten-
tion in joint analyses of sedentary behaviour and physical 
activity.

Work ability is a multidimensional concept that is tradi-
tionally seen as a balance of health and functioning with 
the demands of work [8]. Examining work ability and 
related functional health outcomes, such as physical and 
mental aspects of functioning, is highly relevant since 
populations are rapidly ageing. Longer working careers 
and maintaining good work ability over the course of 
one’s working career is increasingly important for both 
individuals and the economy. Work ability is highly age-
related as health problems and decline in functioning 
become more common with age. However, decreased 
health and work ability can already be seen among 
younger employees [9] and, in particular, problems in 
mental health are increasing among them [10]. Problems 
in health [11] and work ability [12] increase the risk of 
sickness absence and permanent work disability. Physical 
inactivity and sedentary behaviour may have important 
contributions to this relationship. Lack of leisure-time 
physical activity (LTPA) is connected to poorer physical 

health and functioning [13, 14] and mental health [14, 
15], and increased sickness absence [16, 17]. High sitting 
time, in turn, has been associated with poorer mental 
health [18] and more sickness absence [19]. A municipal 
employee cohort offers good opportunities for examining 
work ability and related functional health measures since 
a variety of both manual and non-manual occupations 
with different levels of education and salary are included. 
The aim of this study was to examine the individual and 
joint associations of LTPA and total sitting time with 
emotional wellbeing, physical functioning and work abil-
ity among 19–39-year-old municipal employees.

Methods
Study population
The study is part of the Helsinki Health Study [20]. 
Cross-sectional survey data were collected in 2017 
among all 19–39-year-old employees of the City of Hel-
sinki, Finland whose employment had lasted for at least 
4 months and who had at least a 50% employment con-
tract at the time of the data collection (n = 11,459) [20]. 
The City of Helsinki is the largest employer in Finland 
with approximately 38,000 employees. Survey data were 
collected mainly online via secure server (n = 3407), and 
postal questionnaires were mailed to those without email 
addresses or who did not respond online (n = 1704) [20]. 
A non-response analysis showed that the data are broadly 
representative of the target population with respect to, 
for instance, sociodemographic and work-related factors 
and health [20]. We excluded participants with missing 
information in the study variables (n = 321), the outliers 
(n = 222) and those who were unemployed or on long-
term sick leave or disability pension (n = 34); thus, the 
final analytical sample included 3635 female and 909 
male employees (in total, n = 4544). The sex distribution 
matches that of municipal employees in the target popu-
lation [20] and the municipal sector in Finland in general. 
The ethics committee of the Faculty of Medicine, Univer-
sity of Helsinki gave their approval for the study protocol. 
Additionally, the City of Helsinki provided permission for 
the Helsinki Health Study.

Functional health outcomes
We used two RAND-36 subscales –– emotional wellbe-
ing and physical functioning [21] –– as measures of men-
tal and physical health and functioning. The emotional 
wellbeing subscale includes five items, for instance, being 
nervous, feeling calm and peaceful and being happy, 
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with six response alternatives ranging from ‘all the time’ 
to ‘not at all’. The physical functioning subscale includes 
ten items, for instance, vigorous activities (e.g., running), 
moderate activities (e.g., brisk walking), lifting and carry-
ing groceries, climbing stairs, and how the health of the 
respondent limits these activities. Each item had three 
response alternatives: ‘yes, limited a lot’, ‘yes, limited a 
little’ and ‘no, not limited at all’. For both physical func-
tioning and emotional wellbeing, standardised scores 
were calculated and transformed to a score between 0 
and 100, with higher scores indicating better health [22]. 
Work ability was enquired with a single-item question 
asking respondents to estimate their current work ability 
on a scale ranging from zero to ten, zero indicating fully 
disabled to work and ten indicating work ability at its 
best. The single-item work ability score has shown com-
parability with the multi-item work ability scale [8]. The 
work ability score was scaled to range from 0 to 100 (as 
the other functional health outcomes).

Leisure-time physical activity and sitting time
Weekly leisure-time and commuting physical activity 
were measured with a series of questions on four differ-
ent intensities ranging from low intensity activity, such 
as walking, to vigorous intensity activity, such as running 
[13]. Approximate metabolic equivalent (MET) hours 
per week for the volume of leisure-time and commut-
ing physical activity were calculated [2, 23]. We classified 
the participants into four groups according to volume of 
LTPA and according to their participation in vigorous 
intensity activities following previous procedures [13]: 
(1) high vigorous activity (over 80 MET-hours per week 
including vigorous activity), (2) vigorous activity (20–80 
MET-hours per week or more including vigorous activ-
ity), (3) moderate activity (moderate intensity activity 20 
MET-hours or more per week) and (4) low activity (under 
20 MET-hours per week, equivalent to 5  h of walking). 
Sitting time was measured with a series of questions on 
sitting time in different domains separately (at home 
in front of screen or TV, at home reading, in vehicle, at 
work, elsewhere) during typical weekdays as recom-
mended for evaluating total sitting time as accurately as 
possible in surveys [24]. Total sitting time was classified 
into three groups using tertile cut-points: (1) low sitting 
time (under 5.5  h per day), (2) intermediate (5.5–8.5  h 
per day) and (3) high sitting time (over 8.5  h per day). 
For joint analyses, we truncated LTPA into three groups, 
combining vigorous and high vigorous activity groups, 
and sitting time into two groups, combining low and 
intermediate groups, yielding a six-category variable.

Covariates
The selection of covariates was based on our previous 
studies on similar topics [11, 13, 14, 16]. We included sex 

(male/female) and age (years). Marital status was dichot-
omised into cohabiting/married and others (unmarried, 
widowed and divorced). Having children was dichot-
omised into those having children and no children under 
18 years of age in the household. Education was catego-
rised into three groups: (1) upper secondary or vocational 
school or lower, (2) bachelor’s degree and (3) master’s 
degree or higher. Working status was dichotomised into 
those in full- or part-time work and those on family leave 
or studying. Current smoking was dichotomised into 
smokers (daily and occasional) and non-smokers (never 
smokers and quitters). Binge drinking was dichotomised 
into those using more than six portions of alcohol at least 
once a month and occasional binge drinkers (includ-
ing non-drinkers). Body mass index (BMI) was included 
as a continuous variable and was computed based on 
self-reported weight and height (kg/m2). For mental 
strenuousness of work, a single-item question with four 
response alternatives (‘very light’, ‘rather light’, ‘rather 
strenuous’ and ‘very strenuous’) was included, asking 
how mentally strenuous the respondent considered their 
work. Mental strenuousness of work was dichotomised 
into mentally non-strenuous (‘very light’, ‘rather light’ and 
‘rather strenuous’) and mentally strenuous (‘very strenu-
ous’). For physical strenuousness of work, a single-item 
question similar to that for mental strenuousness was 
included and dichotomised into physically non-strenu-
ous (‘very light’ and ‘rather light’) and physically strenu-
ous (‘rather strenuous’ and ‘very strenuous’).

Statistical methods
First, descriptive statistics (n, %) were calculated. Then, 
a general linear model was used to calculate adjusted 
means and their 95% confidence intervals (CIs) for emo-
tional wellbeing, physical functioning and work ability. 
Means scores and their 95% CIs provide estimates of the 
levels of physical functioning and work ability as well as 
the statistical significance of the differences between the 
groups. A clinically significant difference for physical 
functioning and emotional wellbeing has been suggested 
at three points [25], but for the work ability score such a 
difference has not been evaluated. The individual analy-
ses for sitting time and LTPA were adjusted for age and 
sex. In the joint analyses, Model 1 was adjusted for age 
and sex and Model 2 further for marital status, having 
children, education, smoking, binge drinking, BMI, and 
mental and physical strenuousness of work. SPSS 27 sta-
tistical package was used.

Results
Table 1 shows the distribution of LTPA, sitting time and 
covariates separately for female and male participants. 
The mean age was 32 years, two-thirds of participants 
were married or cohabiting, and four out of ten had 
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Table 1  The distribution of leisure-time physical activity, sitting time and covariates among participants
Female Male All
% (n) % (n) % (n)

Total 80.0 (3635) 20.0 (909) n = 4544

Leisure-time physical activity per week
High vigorous activity1 18.7 (681) 27.7 (252) 20.5 (933)

Vigorous activity2 38.3 (1394) 40.2 (365) 38.7 (1759)

Moderate activity3 25.2 (917) 15.7 (143) 23.3 (1060)

Low activity4 17.7 (643) 16.4 (149) 17.7 (792)

Sitting time per weekday
Low < 5.5 h 39.3 (1430) 28.0 (254) 37.1 (1684)

Intermediate 32.1 (1166) 32.1 (292) 32.1 (1458)

High > 8.5 h 28.6 (1039) 39.9 (363) 30.9 (1402)

Joint sitting physical activity groups
Low sitting5 & Vigorous activity6 41.2 (1499) 43.8 (398) 41.7 (1897)

Low sitting & Moderate activity 17.8 (647) 7.8 (71) 15.8 (718)

Low sitting & Low activity 12.4 (450) 8.5 (77) 11.6 (527)

High sitting & Vigorous activity 15.8 (576) 24.1 (219) 17.5 (795)

High sitting & Moderate activity 7.4 (270) 7.9 (72) 7.5 (342)

High sitting & Inactive 5.3 (193) 7.9 (72) 5.8 (265)

Covariates
Age in years (mean) 31.9 32.6 32.0

Highest education
Upper secondary or vocational school, or lower 31.5 (1145) 41.1 (374) 33.4 (1519)

Bachelor’s degree 38.6 (1403) 29.5 (268) 36.8 (1671)

Master’s degree or higher 29.9 (1087) 29.5 (267) 29.8 (1354)

Marital status
Married or cohabiting 62.6 (2276) 63.0 (573) 62.7 (2849)

Not married or cohabiting 37.4 (1359) 37.0 (336) 37.3 (1695)

Children
Yes 42.0 (1526) 38.2 (347) 41.2 (1873)

No 58.0 (2109) 61.8 (562) 58.8 (2671)

Physical strenuousness of work
Strenuous 35.3 (1283) 24.8 (225) 33.2 (1508)

Non-strenuous 64.7 (2352) 75.2 (752) 76.8 (3036)

Mental strenuousness of work
Strenuous 17.8 (648) 16.7 (152) 17.6 (800)

Non-strenuous 82.2 (2987) 83.3 (757) 82.4 (3744)

Body mass index (mean) 25.0 26.0 25.2

Smoking
Smokers 23.1 (840) 24.6 (224) 23.4 (1064)

Non-smokers 76.9 (2795) 75.4 (685) 76.6 (3480)

Binge drinking
At least once a month 18.3 (664) 42.4 (385) 23.1 (1049)

Occasional /non-drinkers 81.7 (2971) 57.6 (524) 76.9 (3495)

Employment status
Full- or part-time work 88.9 (3233) 97.9 (890) 90.7 (4123)

Family leave or studying 11.1 (402) 2.1 (19) 9.3 (421)
1 > 80 MET-hours including vigorous activity
2 > 20–80 MET-hours including vigorous activity
3 20–80 MET-hours moderate intensity activity
4 < 20 MET-hours
5 ≤ 8.5 h of sitting per weekday
6 > 80 MET-hours including vigorous activity

MET = approximate metabolic equivalent
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children living in their household. 33% of the participants 
had upper secondary or vocational education or less, 37% 
had completed a bachelor’s degree and 30% had a mas-
ter’s degree or higher. The mean BMI was 25.2, 24% were 
current smokers and a similar proportion were binge 
drinkers. A third of the participants reported physically 
strenuous work and less than one-fifth reported mentally 
very strenuous work.

Of the participants, 17% were classified in the low 
activity group, 23% in the moderate activity group—
females slightly more often than males—and 39% in the 
vigorous activity group. A fifth of the participants were in 
the high vigorous group; this was slightly more common 
among males. High sitting time was more common and 
low sitting time less common among males.

The joint 6-category variable showed that over 40% 
of both female and male participants reported low (less 
than 8.5 h) sitting time per day and had at least 20 MET-
hours per week of physical activity including vigorous 
activity. Of the participants, 18% were in the active vig-
orous group and had high sitting time, 16% were in the 
moderate activity group and had a low sitting time, and 
12% were in the low activity group and had low sitting 
time. Only 6% were in the low activity group and had 
high sitting time, and 8% were in the moderate activity 
group and had high sitting time.

The individual association analyses showed that sit-
ting time was not associated with physical functioning or 
work ability. High sitting time (> 8.5  h/day) was associ-
ated with poorer emotional wellbeing mean scores (71.1, 
95% CI 70.3–72.0) than low (74.1, 95% CI 73.3–74.9) 
and intermediate (73.1, 95% CI 72.2–74.0) sitting times 
(Table  2). LTPA showed clear positive associations with 
all outcomes, that is, emotional wellbeing, physical func-
tioning and work ability. In particular, vigorous activity 
and high vigorous activity groups had better functional 
health outcomes (Table 2).

The joint association analyses showed that higher LTPA 
was associated with better emotional wellbeing among 
both high and low sitting time groups, but overall, the 
high sitting time group had lower emotional wellbeing 
scores (Table 3). For emotional wellbeing, the low activ-
ity group with low (mean score 70.5, 95% CI 69.1–71.9) 
and high (67.5, 65.5–69.5) sitting times and the moderate 
activity group with low (72.5, 71.3–73.7) and high (70.4, 
68.6–72.1) sitting times had statistically significantly 
lower mean scores than the corresponding vigorous 
activity group with low (74.9, 74.2–75.7) and high (72.7, 
71.6–73.9) sitting times. LTPA and sitting time showed 
similar associations to LTPA with physical functioning 
and work ability scores across different levels of sitting 
time (Table  3). Physical functioning scores were signifi-
cantly higher among the vigorous activity group in both 
low (96.3, 95.8–96.7) and high sitting time groups (96.2, 
95.5–96.9) than among the moderate activity groups in 
the low (93.9, 93.2–94.6) and high (96.1, 95.4–96.8) sit-
ting time groups. The low activity group had the lowest 
mean scores in both the low (92.3, 91.5–93.2) and high 
sitting time groups (93.1, 91.9–94.2). For work abil-
ity mean scores, the patterns were similar: significantly 
higher scores were observed for the vigorous activity in 
both the low (82.0, 81.3–82.6) and high (80.8, 79.8–81.8) 
sitting time groups. The moderate activity and low activ-
ity groups showed significantly lower mean scores in both 
sitting time groups than the vigorous activity groups. 
Adjustment for covariates only slightly attenuated these 
associations.

Discussion
We examined joint associations of LTPA and sitting time 
with emotional wellbeing, physical functioning and work 
ability among 19–39-year-old Finnish municipal employ-
ees. The joint analyses showed similar associations of 
LTPA with functional health outcomes across different 
levels of sitting time, and those with low LTPA and high 
sitting times had the poorest emotional wellbeing. How-
ever, in physical functioning and work ability, the pat-
terns were similar between the physical activity groups 
across categories of sitting time. Individual associations 
showed that higher LTPA was associated with better 

Table 2  Emotional wellbeing, physical functioning and work 
ability mean scores and their 95% CI by leisure-time physical 
activity groups and sitting time adjusted for age and sex

Emotional 
wellbeing

Physical 
functioning

Work 
ability

Mean, 95% 
CI

Mean, 95% CI Mean, 
95% CI

Leisure-time physical 
activity per week
High vigorous activity1 75.1, 

74.0-76.1
95.7, 95.0-96.3 82.5, 

81.6–83.4

Vigorous activity2 73.9, 
73.1–74.6

96.5, 96.0-96.9 81.2, 
80.5–81.8

Moderate activity3 71.8, 
70.8–72.8

93.8, 93.2–94.4 78.8, 
77.9–79.6

Low activity4 69.5, 
68.3–70.7

92.6, 71.9–93.3 77.4, 
76.4–78.5

Sitting time per weekday
Low < 5.5 h 74.1, 

73.3–74.9
95.1, 94.6–95.5 80.6, 

79.9–81.3

Intermediate 73.1, 
72.2–73.9

95.0, 94.5–95.5 80.6, 
79.9–81.3

High > 8.5 h 71.1, 
70.3–72.0

94.9, 94.4–95.4 79.3, 
78.6–80.1

1 > 80 MET-hours including vigorous activity
2 > 20–80 MET-hours including vigorous activity
3 20–80 MET-hours moderate intensity activity
4 < 20 MET-hours
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work ability and physical functioning as well as emotional 
wellbeing, whereas high sitting time was associated only 
with poorer emotional wellbeing.

In this cohort of municipal employees aged under 40 
years, about 60% were vigorously active (according to our 
criteria), that is, engaging in more than 20 MET-hours of 

LTPA per week including vigorous activity equivalent to, 
for instance, 1 h of jogging and 2 h of brisk walking. Over 
20% were moderately active, equivalent to 3.5 h of brisk 
walking, and just under 20% were classified in the low 
activity group. Physical functioning scores were high in 
general, but emotional wellbeing and work ability showed 
somewhat lower scores.

Among these relatively young and highly function-
ing, although on average overweight, employees, LTPA 
showed positive associations with physical functioning 
and emotional wellbeing. Work ability showed similar 
associations, which is plausible since physical and men-
tal health functioning are the main contributors to work 
ability [26]. Vigorous activity showed clear and signifi-
cant differences with all the examined functional health 
outcomes, while the moderately active participants had 
weaker and non-significant differences compared to 
those who had low activity levels, similar to our previous 
studies on midlife and older adults [13, 14]. Sitting time 
showed weak associations with the functional health out-
comes, except for some associations with emotional well-
being, which is consistent with previous studies showing 
increased depression and anxiety among those with high 
sedentary time [27, 28]. In this study, we examined total 
sitting time. Previous studies have shown associations 
with total sitting time with health, but excess sitting time 
in different contexts –– such as leisure-time screen time, 
transport [27] and excess sitting at work [29] –– has also 
shown independent associations with health. Examining 
joint associations of leisure-time and commuting physi-
cal activity and total sitting time with work ability and 
physical functioning and emotional wellbeing fills some 
existing research gaps since previous studies have only 
examined the individual contributions. Sitting time in 
different contexts and their associations with functional 
health outcomes should be examined in more detail in 
further studies. In particular, when examining occupa-
tional cohorts, total sitting time is likely higher among 
sedentary office workers, however, high sitting at work in 
the general working population is associated with poorer 
health, whereas increasing physical workload shows the 
opposite [30]. Nonetheless, our sensitivity analyses (data 
not shown) show that those with low sedentary time are 
more likely to have physical work. Further sensitivity 
analyses (data not shown), however, showed similar asso-
ciations with the examined outcomes when excluding 
occupational sitting from the total sitting time.

The examined joint associations showed poorest func-
tional health outcomes among those with low LTPA and 
high sitting time, and vice versa, the better health among 
those with high LTPA and low sitting time. Vigorous 
activity showed clear differences with all outcomes com-
pared to both inactivity and moderate activity regard-
less of sitting time, whereas moderate activity showed 

Table 3  Physical functioning, emotional wellbeing and 
workability mean scores (+ 95% CI) by leisure-time physical 
activity groups with different levels of sitting time

Model 1 Model 2
Emotional wellbeing
Low sitting time1 Vigorous 

activity3
74.9, 74.2–75.7 74.8, 

74.0-75.5

Moderate 
activity4

72.5, 71.3–73.7 71.8, 
70.5–73.0

Low activity5 70.5, 69.1–71.9 71.1, 
69.7–72.6

High sitting time2 Vigorous 
activity3

72.7, 71.6–73.9 72.9, 
71.7–74.1

Moderate 
activity4

70.4, 68.6–72.1 70.3, 
68.6–72.0

Low activity5 67.5, 65.5–69.5 68.0, 
66.1–70.0

Physical functioning
Low sitting time1 Vigorous 

activity3
96.3, 95.8–96.7 96.0, 

95.5–96.4

Moderate 
activity4

93.9, 93.2–94.6 94.6, 
93.8–95.3

Low activity5 92.3, 91.5–93.2 93.3, 
92.4–94.1

High sitting time2 Vigorous 
activity3

96.1, 95.4–96.8 95.2, 
94.5–95.9

Moderate 
activity4

93.6, 92.6–94.7 93.7, 
92.7–94.7

Low activity5 93.2, 91.9–94.2 93.4, 
92.3–94.6

Work ability
Low sitting time1 Vigorous 

activity3
82.0, 81.3–82.6 81.8, 

81.2–82.5

Moderate 
activity4

79.3, 78.3–80.4 79.3, 
77.2–80.4

Low activity 77.5, 76.3–78.7 78.6, 
77.4–79.9

High sitting time2 Vigorous 
activity3

80.8, 79.8–81.8 79.9, 
78.9–90.0

Moderate 
activity4

77.6, 76.1–79.1 77.3, 
75.8–78.8

Low activity5 77.3, 75.5–79.0 77.4, 
75.8–79.1

1 ≤ 8.5 h of sitting per weekday
2 > 8.5 h of sitting per weekday
3 > 20 MET-hour per week including vigorous activity
4 > 20 MET-hour per week only moderate activity
5 ≤ 20 MET-hour per week physical activity

Model 1: Adjusted for age and sex

Model 2: Model 1 + marital status, having children, education, smoking, binge 
drinking, BMI, physical and mental strenuousness of work
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only modest non-significant differences compared to 
inactivity. Vigorous activity has been associated with 
various beneficial health outcomes such as reduced sick-
ness absence [31], lower premature mortality risk [32] 
and better mental health [14] among older and midlife 
adults, and these findings extend this to younger employ-
ees as well. Vigorous activity likely reflects better physi-
cal fitness [33] but may also reflect selection and reverse 
causality, thus longitudinal studies and randomised con-
trolled trials are needed to confirm these findings.

Employers might consider providing opportunities 
for active commuting [34] and active mini breaks dur-
ing workdays [35] since the initiatives could improve 
the wellbeing and work ability of their employees. The 
maintenance of work ability over the course of one’s work 
career is increasingly important for both individuals and 
the public economy as the old-age dependency ratio has 
been increasing and is projected to continue increasing 
in the future [36]. Improving emotional wellbeing and 
physical functioning are important for the maintenance 
of work ability and reducing work disability [11]. Based 
on the present findings as well as previous studies [17], 
promoting physical activity of the population may prove 
useful since it is shown to be important for work abil-
ity. There is much potential as only a third of the adult 
Finnish population fulfil the current recommendation 
for health-enhancing physical activity [37]. Furthermore, 
cardiorespiratory fitness has been declining for the past 
40 years in many countries including Finland [38], prob-
ably having negative consequences for work ability [39]. 
However, we need studies conducted among the gen-
eral population to confirm the findings and to improve 
generalisability.

Methodological considerations
We examined a high functioning large occupational 
cohort of under 40-year-old municipal employees rep-
resenting a wide variety of manual and non-manual 
occupations and including both females and males. Nev-
ertheless, there are some characteristics in our data that 
limit the generalisability of the findings to the general 
population. All participants were employed, and 80% of 
them were females which corresponds to the sex distri-
bution of the municipal sector in general in Finland and 
the target population. We pooled female and male par-
ticipants in the analyses, thus these results are female-
dominated. The cross-sectional study design is a clear 
limitation, limiting causal inference since the associations 
are likely reciprocal, that is, while physical activity and 
reduced sitting time likely offer health benefits, poorer 
health and functional limitations also limit participation 
in physical activities—especially higher intensity activ-
ity—and may also result in higher sitting time. Future 
studies with longitudinal designs need to be conducted. 

The use of accelerometer measures would have added to 
the study, however, in large datasets, questionnaires are 
feasible and widely used, providing reasonably accurate 
estimates. The physical activity and sitting time ques-
tionnaires used have not been validated, however, similar 
measures are widely used in epidemiological studies and 
have been shown to be valid for measuring leisure-time 
and commuting physical activity [40] and sedentary time 
[41]. Since the health outcomes were also measured with 
questionnaires, the same source bias may exist. A non-
response analysis showed that the data are broadly repre-
sentative of the target population [20]. Thus, it is unlikely 
that the non-response substantially biased the examined 
associations.

Conclusions
Our findings suggest that high LTPA including vigorous 
activity is associated with better emotional wellbeing, 
physical functioning and work ability compared to lower 
activity levels across different levels of sitting time. Those 
with low LTPA and high sitting time had the poorest 
emotional wellbeing. LTPA dominated the associations 
over sitting time. Physical activity should be promoted 
among employees since a sufficient amount and intensity 
of physical activity is likely to contribute to better physi-
cal and mental health as well as better work ability.

Abbreviations
BMI	� Body mass index
LTPA	� Leisure-time physical activity
MET	� Metabolic equivalent

Author contributions
JL was the primary author of the paper, performed the statistical analyses, 
and is responsible for the overall content as guarantor. JS, AK, OR, and TL 
contributed to the interpretation of the findings. JL, JS, AK, OR, and TL critically 
reviewed the manuscript and approved the final version of the manuscript.

Funding
JL was supported by the Finnish Work Environment Fund (#210238). JS and 
TL were supported by the Social Insurance Institution of Finland (grant 
29/26/2020). OR was supported by the Juho Vainio Foundation (grant 
#202300041) and by the Ministry of Education and Culture, Finland. Open 
access funded by Helsinki University Library.

Data Availability
The datasets used and/or analysed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Competing interests
The authors declare no competing interests.

Ethics approval and consent to participate
The ethics committee of the Faculty of Medicine, University of Helsinki 
gave their approval for the study protocol. Additionally, the City of Helsinki 
provided permission for the Helsinki Health Study. Study participants gave 
their informed consent before entering the study. This study was carried out in 
accordance with relevant guidelines and regulations (Declaration of Helsinki).



Page 8 of 9Lahti et al. Journal of Activity, Sedentary and Sleep Behaviors            (2023) 2:24 

Consent for publication
Not applicable.

Author details
1Department of Public Health, University of Helsinki, Helsinki, Finland
2Finnish Institute for Health and Welfare (THL), Helsinki, Finland
3Faculty of Social Sciences, University of Helsinki, Helsinki, Finland
4Centre for Public Health, Queen’s University Belfast, Belfast, Northern 
Ireland

Received: 19 June 2023 / Accepted: 11 September 2023

References
1.	 Ding D, Ramirez Varela A, Bauman AE, Ekelund U, Lee IM, Heath G, Katzmarzyk 

PT, Reis R, Pratt M. Towards better evidence-informed global action: lessons 
learnt from the Lancet series and recent developments in physical activity 
and public health. Br J Sports Med. 2020;54(8):462–8. https://doi.org/10.1136/
bjsports-2019-101001. Epub 2019 Sep 27. PMID: 31562122; PMCID: 
PMC7146932.

2.	 Ainsworth BE, Haskell WL, Herrmann SD, Meckes N, Bassett DR Jr, Tudor-
Locke C, Greer JL, Vezina J, Whitt- Glover MC, Leon AS. 2011 Compendium of 
Physical Activities: a second update of codes and MET values. Med Sci Sports 
Exerc. 2011;43(8):1575–81.

3.	 Bull FC, Al-Ansari SS, Biddle S, Borodulin K, Buman MP, Cardon G, Carty C, 
Chaput JP, Chastin S, Chou R, Dempsey PC, DiPietro L, Ekelund U, Firth J, Frie-
denreich CM, Garcia L, Gichu M, Jago R, Katzmarzyk PT, Lambert E, Leitzmann 
M, Milton K, Ortega FB, Ranasinghe C, Stamatakis E, Tiedemann A, Troiano 
RP, van der Ploeg HP, Wari V, Willumsen JF. World Health Organization 2020 
guidelines on physical activity and sedentary behaviour. Br J Sports Med. 
2020;54(24):1451–62. https://doi.org/10.1136/bjsports-2020-102955. PMID: 
33239350; PMCID: PMC7719906.

4.	 Wilmot EG, Edwardson CL, Achana FA, Davies MJ, Gorely T, Gray LJ, Khunti K, 
Yates T, Biddle SJ. Sedentary time in adults and the association with diabetes, 
cardiovascular disease and death: systematic review and meta-analysis. 
Diabetologia. 2012;55(11):2895 – 905. doi: 10.1007/s00125-012-2677-z. Epub 
2012 Aug 14. Erratum in: Diabetologia. 2013;56(4):942-3. PMID: 22890825.

5.	 Ekelund U, Steene-Johannessen J, Brown WJ, Fagerland MW, Owen N, Powell 
KE, Bauman A, Lee IM, Lancet Physical Activity Series 2 Executive Committe; 
Lancet Sedentary Behaviour Working Group. ;. Does physical activity attenu-
ate, or even eliminate, the detrimental association of sitting time with mortal-
ity? A harmonised meta-analysis of data from more than 1 million men and 
women. Lancet. 2016;388(10051):1302-10. https://doi.org/10.1016/S0140-
6736(16)30370-1. Epub 2016 Jul 28. Erratum in: Lancet. 2016;388(10051):e6. 
PMID: 27475271.

6.	 van der Ploeg HP, Hillsdon M. Is sedentary behaviour just physical inactivity 
by another name? Int J Behav Nutr Phys Act. 2017;14(1):142. https://doi.
org/10.1186/s12966-017-0601-0. PMID: 29058587; PMCID: PMC5651642.

7.	 Petersen CB, Nielsen AJ, Bauman A, Tolstrup JS. Joint association of physical 
activity in leisure and total sitting time with metabolic syndrome amongst 
15,235 danish adults: a cross-sectional study. Prev Med. 2014;69:5–7. Epub 
2014 Aug 20. PMID: 25150385.

8.	 El Fassi M, Bocquet V, Majery N, Lair ML, Couffignal S, Mairiaux P. Work ability 
assessment in a worker population: comparison and determinants of work 
ability index and work ability score. BMC Public Health. 2013;13:305. https://
doi.org/10.1186/1471-2458-13-305. PMID: 23565883; PMCID: PMC3637198.

9.	 Lallukka T, Shiri R, Pietiläinen O, Kausto J, Sumanen H, Halonen JI, Lahelma 
E, Rahkonen O, Mänty M, Kouvonen A. Timing of Entry into Paid Employ-
ment, adverse physical work exposures and health: the Young Helsinki 
Health Study. Int J Environ Res Public Health. 2020;17(21):7854. https://doi.
org/10.3390/ijerph17217854. PMID: 33120885; PMCID: PMC7662500.

10.	 Harvey SB, Modini M, Joyce S, Milligan-Saville JS, Tan L, Mykletun A, Bryant 
RA, Christensen H, Mitchell PB. Can work make you mentally ill? A system-
atic meta-review of work-related risk factors for common mental health 
problems. Occup Environ Med. 2017;74(4):301–10. https://doi.org/10.1136/
oemed-2016-104015. Epub 2017 Jan 20. PMID: 28108676.

11.	 Laaksonen M, Kääriä SM, Leino-Arjas P, Lahelma E. Different domains of health 
functioning as predictors of sickness absence–a prospective cohort study. 

Scand J Work Environ Health. 2011;37(3):213-8. https://doi.org/10.5271/
sjweh.3131. Epub 2010 Nov 11. PMID: 21069253.

12.	 Kinnunen U, Nätti J. Work ability score and future work ability as predictors 
of register-based disability pension and long-term sickness absence: a three-
year follow-up study. Scand J Public Health. 2018;46(3):321–30. https://doi.
org/10.1177/1403494817745190.

13.	 Lahti J, Laaksonen M, Lahelma E, Rahkonen O. The impact of physical activ-
ity on physical health functioning–a prospective study among middle-
aged employees. Prev Med 2010 May-Jun;50(5–6):246–50. doi: 10.1016/j.
ypmed.2010.02.007. Epub 2010 Feb 23. PMID: 20184919.

14.	 Lahti J, Sabia S, Singh-Manoux A, Kivimäki M, Tatsuse T, Yamada M, Sekine M, 
Lallukka T. 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. BMJ Open. 2016;6(1):e009788. 
https://doi.org/10.1136/bmjopen-2015-009788. PMID: 26739736; PMCID: 
PMC4716250.

15.	 Tamminen N, Reinikainen J, Appelqvist-Schmidlechner K, Borodulin K, Mäki-
Opas T, Solin P. Associations of physical activity with positive mental health: a 
population-based study. Ment Health Phys Act. 2020;18:100319.

16.	 Kanerva N, Lallukka T, Rahkonen O, Pietiläinen O, Lahti J. The joint contribu-
tion of physical activity, insomnia symptoms, and smoking to the cost of 
short-term sickness absence. Scand J Med Sci Sports. 2019;29(3):440–9. 
https://doi.org/10.1111/sms.13347.

17.	 Amlani NM, Munir F. Does physical activity have an impact on sickness 
absence? A review. Sports Med. 2014;44(7):887–907. https://doi.org/10.1007/
s40279-014-0171-0. PMID: 24668290.

18.	 Zhai L, Zhang Y, Zhang D. Sedentary behaviour and the risk of depression: a 
meta-analysis. Br J Sports Med. 2015;49(11):705–9. https://doi.org/10.1136/
bjsports-2014-093613. Epub 2014 Sep 2. PMID: 25183627.

19.	 Drake E, Ekblom MM, Ekblom Ö, Kallings LV, Blom V. Cardiorespiratory Fitness 
and device-measured sedentary Behaviour are Associated with sickness 
absence in Office Workers. Int J Environ Res Public Health. 2020;17(2):628. 
https://doi.org/10.3390/ijerph17020628. PMID: 31963740; PMCID: 
PMC7014321.

20.	 Lallukka T, Pietiläinen O, Jäppinen S, Laaksonen M, Lahti J, Rahkonen O. 
Factors associated with health survey response among young employees: 
a register-based study using online, mailed and telephone interview data 
collection methods. BMC Public Health 2020a Feb 5;20(1):184. https://doi.
org/10.1186/s12889-020-8241-8. PMID: 32024488; PMCID: PMC7003443.

21.	 Hays RD, Morales LS. The RAND-36 measure of health-related quality of life. 
Ann Med. 2001;33(5):350-7. https://doi.org/10.3109/07853890109002089. 
PMID: 11491194.

22.	 Hays RD, Sherbourne CD, Mazel RM. The RAND 36-Item Health Survey 1.0. 
Health Econ. 1993;2(3):217–27. https://doi.org/10.1002/hec.4730020305. 
PMID: 8275167.

23.	 Kujala UM, Kaprio J, Sarna S, Koskenvuo M. Relationship of leisure-time physi-
cal activity and mortality: the Finnish twin cohort. JAMA. 1998;279(6):440-4. 
https://doi.org/10.1001/jama.279.6.440. PMID: 9466636.

24.	 Healy GN, Clark BK, Winkler EA, Gardiner PA, Brown WJ, Matthews CE. Mea-
surement of adults’ sedentary time in population-based studies. Am J Prev 
Med. 2011;41(2):216–27. https://doi.org/10.1016/j.amepre.2011.05.005. PMID: 
21767730; PMCID: PMC3179387.

25.	 Samsa G, Edelman D, Rothman ML, Williams GR, Lipscomb J, Matchar D. 
Determining clinically important differences in health status measures: 
a general approach with illustration to the Health Utilities Index Mark II. 
Pharmacoeconomics. 1999;15(2):141 – 55. https://doi.org/10.2165/00019053-
199915020-00003. PMID: 10351188.

26.	 Gould R, Koskinen S, Sainio P, Blomgren J, Kivekäs J, Ilmarinen J, Husman P, 
Seitsamo J. (2012). Työkyky. In: Koskinen S, Lundqvist A, Ristiluoma N, editors 
Health, functional capacity and welfare in Finland in 2011 (In Finnish, with 
English summary). THL Report 68/2012, Helsinki.

27.	 Rebar AL, Duncan MJ, Short C, Vandelanotte C. Differences in health-related 
quality of life between three clusters of physical activity, sitting time, 
depression, anxiety, and stress. BMC Public Health. 2014;14:1088. https://doi.
org/10.1186/1471-2458-14-1088. PMID: 25330921; PMCID: PMC4216366.

28.	 Hallgren M, Nguyen TT, Owen N, Vancampfort D, Smith L, Dunstan DW, 
Andersson G, Wallin P, Ekblom-Bak E. Associations of interruptions to leisure-
time sedentary behaviour with symptoms of depression and anxiety. Transl 
Psychiatry. 2020;10(1):128. https://doi.org/10.1038/s41398-020-0810-1. PMID: 
32366824; PMCID: PMC7198536.

29.	 Lallukka T, Kaila-Kangas L, Mänty M, Koskinen S, Haukka E, Kausto J, 
Leino-Arjas P, Kaikkonen R, Halonen JI, Shiri R. Work-related exposures 

https://doi.org/10.1136/bjsports-2019-101001
https://doi.org/10.1136/bjsports-2019-101001
https://doi.org/10.1136/bjsports-2020-102955
https://doi.org/10.1016/S0140-6736(16)30370-1
https://doi.org/10.1016/S0140-6736(16)30370-1
https://doi.org/10.1186/s12966-017-0601-0
https://doi.org/10.1186/s12966-017-0601-0
https://doi.org/10.1186/1471-2458-13-305
https://doi.org/10.1186/1471-2458-13-305
https://doi.org/10.3390/ijerph17217854
https://doi.org/10.3390/ijerph17217854
https://doi.org/10.1136/oemed-2016-104015
https://doi.org/10.1136/oemed-2016-104015
https://doi.org/10.5271/sjweh.3131
https://doi.org/10.5271/sjweh.3131
https://doi.org/10.1177/1403494817745190
https://doi.org/10.1177/1403494817745190
https://doi.org/10.1136/bmjopen-2015-009788
https://doi.org/10.1111/sms.13347
https://doi.org/10.1007/s40279-014-0171-0
https://doi.org/10.1007/s40279-014-0171-0
https://doi.org/10.1136/bjsports-2014-093613
https://doi.org/10.1136/bjsports-2014-093613
https://doi.org/10.3390/ijerph17020628
https://doi.org/10.1186/s12889-020-8241-8
https://doi.org/10.1186/s12889-020-8241-8
https://doi.org/10.3109/07853890109002089
https://doi.org/10.1002/hec.4730020305
https://doi.org/10.1001/jama.279.6.440
https://doi.org/10.1016/j.amepre.2011.05.005
https://doi.org/10.2165/00019053-199915020-00003
https://doi.org/10.2165/00019053-199915020-00003
https://doi.org/10.1186/1471-2458-14-1088
https://doi.org/10.1186/1471-2458-14-1088
https://doi.org/10.1038/s41398-020-0810-1


Page 9 of 9Lahti et al. Journal of Activity, Sedentary and Sleep Behaviors            (2023) 2:24 

and sickness absence trajectories: a nationally Representative follow-up 
study among finnish working-aged people. Int J Environ Res Public Health. 
2019;16(12):2099. https://doi.org/10.3390/ijerph16122099. PMID: 31200553; 
PMCID: PMC6616391.

30.	 Kallings LV, Blom V, Ekblom B, Holmlund T, Eriksson JS, Andersson G, Wallin 
P, Ekblom-Bak E. Workplace sitting is associated with self-reported general 
health and back/neck pain: a cross-sectional analysis in 44,978 employees. 
BMC Public Health. 2021;21(1):875. https://doi.org/10.1186/s12889-021-
10893-8. PMID: 33957889; PMCID: PMC8101162.

31.	 Lahti J, Laaksonen M, Lahelma E, Rahkonen O. The impact of physical activity 
on sickness absence. Scand J Med Sci Sports. 2010;20(2):191–9. https://doi.
org/10.1111/j.1600-0838.2009.00886.x.

32.	 Strain T, Wijndaele K, Dempsey PC, Sharp SJ, Pearce M, Jeon J, Lindsay T, 
Wareham N, Brage S. Wearable-device-measured physical activity and future 
health risk. Nat Med. 2020;26(9):1385–91. https://doi.org/10.1038/s41591-
020-1012-3. Epub 2020 Aug 17. PMID: 32807930; PMCID: PMC7116559.

33.	 Velde VANDER, Koster JHPM, VAN DER Berg A, Sep JD, VAN DER Kallen SJS, 
Dagnelie CJH, Schram PC, Henry MT, Eussen RMA, VAN Dongen SJPM, 
Stehouwer MCJM, Schaper CDA, Savelberg NC. HHCM. Sedentary Behavior, 
Physical Activity, and Fitness-The Maastricht Study. Med Sci Sports Exerc. 
2017;49(8):1583–1591. https://doi.org/10.1249/MSS.0000000000001262. 
PMID: 28319587.

34.	 Mytton OT, Panter J, Ogilvie D. Longitudinal associations of active commuting 
with wellbeing and sickness absence. Prev Med. 2016;84:19–26. https://
doi.org/10.1016/j.ypmed.2015.12.010. Epub 2015 Dec 29. PMID: 26740344; 
PMCID: PMC4766368.

35.	 Andersen LL, Skovlund SV, Vinstrup J, Geisle N, Sørensen SI, Thorsen SV, Sund-
strup E. Potential of micro-exercise to prevent long-term sickness absence 
in the general working population: prospective cohort study with register 

follow-up. Sci Rep. 2022;12(1):2280. https://doi.org/10.1038/s41598-022-
06283-8. PMID: 35145176; PMCID: PMC8831624.

36.	 Virtanen M. Towards sustainable work and longer working lives. Scand J Pub-
lic Health. 2018;46(3):287–289. https://doi.org/10.1177/1403494818765394. 
PMID: 29732963.

37.	 Borodulin K, Wennman H. Toim. Aikuisväestön liikunta Suomessa: FinTerveys 
2017 -tutkimus. Terveyden ja hyvinvoinnin laitos (THL), Tilastoraportti 
48/2019. Helsinki 2019. https://urn.fi/URN:NBN:fi-fe2019121748601.

38.	 Lamoureux NR, Fitzgerald JS, Norton KI, Sabato T, Tremblay MS, Tomkinson 
GR. Temporal Trends in the Cardiorespiratory Fitness of 2,525,827 Adults 
Between 1967 and 2016: A Systematic Review. Sports Med. 2019;49(1):41–55. 
https://doi.org/10.1007/s40279-018-1017-y. PMID: 30390202.

39.	 Husu P, Tokola K, Vähä-Ypyä H, Sievänen H, Vasankari T. Accelerometer-
measured physical behavior and cardiorespiratory fitness as indicators of 
work ability. Int J Environ Res Public Health. 2023;20(7):5414. https://doi.
org/10.3390/ijerph20075414. PMID: 37048028; PMCID: PMC10094734.

40.	 Waller K, Kaprio J, Kujala UM. Associations between long-term physical activ-
ity, waist circumference and weight gain: a 30-year longitudinal twin study. 
Int J Obes. 2008;32:353–61.

41.	 Marshall AL, Miller YD, Burton NW, Brown WJ. Measuring total and domain-
specific sitting: a study of reliability and validity. Med Sci Sports Exerc. 
2010;42(6):1094–102. https://doi.org/10.1249/MSS.0b013e3181c5ec18. PMID: 
19997030.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 

https://doi.org/10.3390/ijerph16122099
https://doi.org/10.1186/s12889-021-10893-8
https://doi.org/10.1186/s12889-021-10893-8
https://doi.org/10.1111/j.1600-0838.2009.00886.x
https://doi.org/10.1111/j.1600-0838.2009.00886.x
https://doi.org/10.1038/s41591-020-1012-3
https://doi.org/10.1038/s41591-020-1012-3
https://doi.org/10.1249/MSS.0000000000001262
https://doi.org/10.1016/j.ypmed.2015.12.010
https://doi.org/10.1016/j.ypmed.2015.12.010
https://doi.org/10.1038/s41598-022-06283-8
https://doi.org/10.1038/s41598-022-06283-8
https://doi.org/10.1177/1403494818765394
https://urn.fi/URN:NBN:fi-fe2019121748601
https://doi.org/10.1007/s40279-018-1017-y
https://doi.org/10.3390/ijerph20075414
https://doi.org/10.3390/ijerph20075414
https://doi.org/10.1249/MSS.0b013e3181c5ec18

	﻿Joint associations of leisure-time physical activity and sitting time with emotional wellbeing, physical functioning and work ability: an occupational study among young and early midlife Finnish municipal employees
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Study population
	﻿Functional health outcomes
	﻿Leisure-time physical activity and sitting time
	﻿Covariates
	﻿Statistical methods

	﻿Results
	﻿Discussion
	﻿Methodological considerations

	﻿Conclusions
	﻿References


