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ABSTRACT

Active commuting can be beneficial for health. We examined whether active commuting by walking or cycling was associated
with a lower risk of sickness absence in a Finnish public sector cohort of 28 485 employees. We used negative binomial regression
to test associations of weekly active commuting in kilometers (no, low, moderate, and high dose) with all-cause sickness absence.
Sickness absence data from employers registers comprised the number of (1) sickness absence days, (2) short (1-9 days) and (3)
long (>10days) sickness absence episodes during 12- and 24-month follow-ups. The models were adjusted for sociodemographic
factors, lifestyle risk factors, and previous sickness absence. To demonstrate absolute risk, we calculated sex- and age-adjusted
incidence for sickness absence per 100 person years for each active commuting exposure group. The associations of cycling and
walking were additionally studied in separate analyses. Compared to passive commuters (no active commuting), high dose of
active commuting (mean of 61 km/week) was associated with an 8%-12% lower relative risk of sickness absence days and an 18%
lower relative risk of long episodes. The absolute rate of sickness absence per 100 person-years was up to 452days and 10 long
episodes lower in the high-dose active commuters group. In the further analyses separating cyclists and walkers, similar reduced
risks were observed only among high-dose cyclists. Our findings suggest that regular active commuting by bicycle has potential
for reducing sickness absence by reducing the risk of long sickness absence episodes.

1 | Introduction [4-6]. To tackle both of these challenges, governments and cities

around the world are promoting the use of active and sustain-

Insufficient physical activity among the working-age popula-
tion is a major public health concern [1, 2]. Active commuting
to work provides a practical means to incorporate more physi-
cal activity into the workweek [3]. Additionally, emissions from
motorized commuting traffic contributes to climate change

able commute modes such as walking and cycling [4, 6].

The objective health benefits of active commuting, such as lower
risk of obesity and diabetes [7], cardiovascular disease inci-
dence [7, 8], and mortality [8, 9] have been established in large
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prospective cohort studies. Additionally, active commuting
has potential for improving and maintaining employee health
[10, 11] and work ability [12, 13], and it could also reduce sick-
ness absence. Sickness absence is an important public and oc-
cupational health measure, with long-term sickness absence in
particular serving as a strong predictor of permanent labor mar-
ket exit [14-16] and mortality [17, 18].

Existing evidence indicates that leisure-time physical activ-
ity associates with lower risk of sickness absence [19-22].
However, research specifically examining active commuting
is limited [23-25]. Two earlier studies have shown an asso-
ciation between commuting by bicycle and lower sickness
absence days [23, 24], but one of them relied on self-reported
sickness absence data [24] and the other was cross-sectoral
[23]. While recent longitudinal evidence from Finland sug-
gests that increased walking or cycling commuting can en-
hance both employee self-rated health [11] and work ability
[13], some studies indicate that recreational physical activ-
ity of vigorous intensity may be required to reduce all-cause
sickness absence [19-21]. Cycling commuting may be of
moderate-to-vigorous intensity [23, 26], but walking is typi-
cally considered as rather low-effort activity [26]. However,
the associations of active commuting with health benefits may
differ from those of voluntary activities due to the habitual
nature of commuting, which also leads to an accumulation
of commuting experiences [27]. In addition to the objective
characteristics of daily commute such as duration and mode,
the subjective commute experiences may influence perceived
stress and overall wellbeing [27, 28], potentially affecting sick-
ness absence [29].

The aim of this prospective study was to examine whether en-
gaging in active commuting by walking or cycling at varying
weekly doses is linked to risk of objectively measured all-cause
sickness absence days and episodes of different lengths after ad-
justing for several possible confounders.

2 | Methods
2.1 | Study Population

The study population consisted of public sector employees work-
ing in the service of four large Finnish cities and who had an-
swered to the Finnish Public Sector (FPS) survey [30] in 2020
including questions on commuting behavior. The response rate
was 72% (n =42 572). FPS survey data were linked with employer
register data on sickness absence from January 1, 2019 until
December 31, 2022. Respondents with missing information on
their commute mode use (n=300), missing or unclear informa-
tion on commute distance (n=1142), and those with no com-
mute (distance of 0km; n=418) or with an unrealistic regular
one-way commute distance by walking (>20km) or by cycling
(>100km) (n=81) were excluded. Also, those with incomplete
data on sickness absence and/or person-years of employment
from 2019 (for adjustments) and/or from 2021 (follow-up period)
(n = 4895) and those working from home full-time/almost full-
time in 2020 (n = 7656) were excluded. Sickness absence data
from 2022 were available for three participating cities only. With
24-month follow-up, we additionally exluded those with missing

data on sickness absence and/or person-years of employment
from 2022 (n = 6671) and full-time or almost full-time remote
workers in 2022 (n = 302). The number of participants in the
analytic sample with 12-month follow-up was 28485 and with a
24-month follow-up it was 21 512. Flow chart of the selection of
study population is shown in Figure 1.

2.2 | Exposure

Our exposure was the average weekly kilometers (km) of active
commuting (walking or cycling). Commuting behavior was as-
sessed by asking how many times per week the participant used
each commute mode (walking; cycling; public transport; private
car use). Questions were asked separately for summer and win-
ter conditions. Participants were also asked to report their one-
way commute distance (km). The reported frequency of walking
or cycling was converted to represent the average days per work-
week of active commuting: “daily or almost daily” =5days; “a
few times a week”=3days; “once a week”=1day; “less than
once a week” =0.5days; “never” =0days. The reported days for
summer and winter were added up and then divided by two to
represent the average days for the entire calendar year. If the
final number of days was 0.5 or less, commuting behavior was
considered as passive and replaced with 0days (n=3467). To
produce the measure of average weekly kilometers of active
commuting, the days were multiplied by the two-way commute
distance.

Active commuters were categorized into tertiles based on the
dose of active commuting: (1) low (< 16 km/week), (2) moderate
(16 <km/week <30), and (3) high (> 30 km/week). Same method
was applied for assigning participants to groups based on the
average weekly kilometers of commuting by walking and cy-
cling separately. The groups for walking were constructed by
categorizing the participants with at least some commuting by
walking into: (1) low (<10km/week), (2) moderate (10 <km/
week <16.5), and (3) high (> 16.5km/week) dose. Accordingly,
the tertiles for cycling commuters were: (1) low-dose (<16.5km/
week), (2) moderate-dose (16.5<km/week <35), and (3) high
(>35km/week) dose.

2.3 | Outcomes

Our outcome was all-cause sickness absence measured as (1)
the number of sickness absence days; (2) the number of short
(1-9days) sickness absence episodes; and (3) the number of
long (>10days) sickness absence episodes during two follow-up
durations: one spanning 12months and another covering a 24-
month period. In Finland, the Social Insurance Institution pro-
vides sickness absence allowance starting after 10 working days,
while employers cover the costs for shorter absence periods.

2.4 | Covariates

We controlled for potential confounders: sex, age, socio-
economic status (SES; high vs. intermediate or low), mari-
tal status (married vs. unmarried or cohabiting), type of job
contract (permanent vs. fixed-term), type of employment
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Eligible at baseline
(autumn 2022)
n=58,971

r Non-respondents
| n=15,690 |

Respondents
n=42,572 (72%)

1
|
1
|
—,: 3. Commute distance of 0 km or implausible data on
1
1
|
1
|
|
|

Final analytic sample for 12-months
follow-up (2021) n=28,485

r Exclusion criteria:
1. Incomplete data on commute modes use (n=300)
2. Missing/unclear data on commute distance
(n=1142)

commute distance by walking or cycling (n=81)

4. Missing data on sickness absence (SA) in 2019 or
2021 (n=2649)

5. Missing data on person-months of employment in
2019 or 2021 (n=2246)

6. Full-time remote work in 2020 (n=7278)

Exclusion criteria:
1. Missing data on SA in 2022 (n=6398)

Final analytic sample for 24-months
follow-up (2022) n=21,512

FIGURE1 | Flow chart of the selection of study populations.

(full-time vs. part-time), body mass index (BMI; kg/m?),
smoking (current smokers vs. never/ex-smokers), alcohol use
(at-risk use vs. no to moderate use), and sickness absence days
or episodes in 2019 divided by person-months of employment
in 2019 (before the exposure). Person-months of employment
during the follow-up period were used to determine the time
at risk for sickness absence.

SES was categorized into three groups according to 2001
International Standard Classification of Occupations (ISCO)
codes: high (managers and senior specialists such as physi-
cians and teachers), intermediate (specialists, office workers
and customer service and health and social care workers) and
low (manual workers including construction and cleaning ser-
vices workers and e.g., practical nurses). Alcohol use was as-
sessed through questions on weekly consumption of alcoholic
beverages and drinks and then converted to represent weekly
grammes of pure alcohol. Based on sex-specific thresholds, alco-
hol consumption was further dichotomised into two categories:
no use/moderate use and at-risk use [31].

2.5 | Statistical Analyses

Due to an over-dispersed distribution of our outcome variables,
we applied negative binomial regression to examine the asso-
ciations between the dose of weekly active commuting in ki-
lometers (low-, moderate-, and high-dose groups) and sickness
absence. Passive commuting (i.e., no dose) was used as a refer-
ence category. Negative binomial regression is a generalized lin-
ear model that allows for overdispersion, producing rate ratios
(RR) with their 95% confidence intervals (CI) [32]. We calculated
RRs for sickness absence days and short and long sickness ab-
sence episodes by active commuting exposure groups during

employment (n=273)
3. Full-time remote work in 2022 (n=302)

|
|
1
1 2. Missing data on person-months of
|
|
|

the follow-up. Logarithm of the risk-time for sickness absence
(annual person-months of employment) was included in the
models as an offset variable to account for different lengths of
at-risk time.

Model 1 was adjusted for sex and age. Model 2 was addition-
ally adjusted for SES, marital status, type of job contract, type
of employment, BMI, smoking status, and weekly alcohol use.
To account for prior sickness absence, Model 3 was addition-
ally adjusted for sickness absence days or episodes in 2019 di-
vided by annual person-months of employment in 2019. In the
analyses including the entire study population (n=28485), the
follow-up time was up to 12months (year 2021) and with the
smaller subpopulation (n=21512) it was up to 24 months (years
2021 and 2022).

To demonstrate the absolute sickness absence rate by the dose
of active commuting, we calculated sex- and age-adjusted in-
cidence with 95% CIs for sickness absence days and short and
long sickness absence episodes per 100 person years for each
active commuting exposure group. First, we ran an age- and
sex-adjusted regression models (with an offset variable for ac-
counting at-risk time). Then, we produced adjusted predictions
for incidence of sickness absence per 100 person years by using
mean age of 46years and median for sex (women) and with
100years (1200 months) for risk-time.

The potential mediating (or confounding) effect of baseline
job strain [29, 33] was tested in a sensitivity analysis by includ-
ing it to the models as an additional covariate. The job strain
measure was constructed by dividing mean response scores
to FPS survey questions on psychological job demands (five
items) with mean response scores on skills discretion and de-
cision authority (job control; nine items) so that higher value
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indicated higher strain [34]. This was further dichotomised
into high job strain (high demands and low control; based on
study-specific median split) versus no job strain (all other cat-
egories) [33].

To address the potential issues related to very long commutes,
including limitations in participating active commuting and a
higher risk of sickness absence [35], we conducted sensitivity
analyses in a subset of participants with a maximum one-way
commute distance of 10km (n=18213). Due to being unable to
adjust our main models for leisure-time physical activity, fur-
ther sensitivity analyses were run in a subset of participants
with moderate-to-high level (14-60 MET-hours per week) of
overall physical activity (n =17 642). The measure consisted of a
combination of self-reported leisure-time and commuting phys-
ical activity [36]. All sensitivity analyses were run only during
the 12-month follow-up period and the models were constructed
as our main models.

We further examined separate associations of the dose of com-
muting by cycling and walking. In the analyses, we used similar
four-category exposure variable of the average weekly kilome-
ters as in our main analyses, and passive commuters (i.e., no
dose of cycling nor walking) were used as a reference. From the
analyses for cycling, walking commuters with no dose of cycling
and from the analyses for walking, cycling commuters with no
dose of walking were excluded. The analyses were run for all
sickness absence measures with 12- and 24-month follow-ups.
The models were adjusted as our main models.

For all statistical analyses, we used R version 4.2.2. To run the
negative binomial regression models, we used an R package
MASS [37].

3 | Results

Descriptive statistics for the entire study population (n =28485)
at baseline (2020) by active commuting exposure groups are
shown in Table 1. The mean age of the participants was 46years,
and the majority (79%) of them were women. Descriptives for the
subpopulation (n =21 512) that was used in the analyses with up
to 24-month follow-up are shown in Table S1. The characteris-
tics were largely similar. Table S2 shows more in detail descrip-
tives on active commuting behavior during summer and winter
by the dose of active commuting.

Compared to passive commuters, high-dose active com-
muters had a lower rate of sickness absence days in the
12 month-follow-up (RR=0.93, 95% CI=0.87-0.99) and in the
24 month-follow-up (RR=0.89, 95% CI=0.84-0.95). Similar as-
sociations were observed for long sickness absence episodes in
both 12-month (RR=0.85, 95% CI=0.77-0.93) and 24-month
(RR=0.85, 95% CI1=0.78-0.93) follow-ups. For short episodes,
the corresponding estimates were RR=0.97, 95% CI1=0.92-1.01
and RR=0.96, 95% CI=0.92-1.00. In contrast to the results for
other sickness absence measures, low-dose active commuting
was associated with a higher rate of short episodes compared to
passive commuting in both shorter and longer follow-up periods
(RR=1.06, 95% CI 1.01-1.11 and RR=1.04, 95% CI 1.00-1.09,
respectively) (Table 2).

Figure 2 shows sex- and age-adjusted incidence of all sickness
absence outcomes per 100 person-years according to active com-
muting exposure groups. During the 12-month follow-up, the ab-
solute rate of sickness absence per 100 person-years was lowest
in the high-dose active commuting group (1689 days and 30 long
episodes) and the highest among passive commuters (2094 days
and 40 long episodes). The absolute rate of short sickness ab-
sence episodes per 100 person-years was lowest in the high-dose
group (244 episodes), and highest in the low-dose group (294 ep-
isodes). The results for the 24-month follow-up were similar to
those of the 12-month follow-up: the absolute rate of sickness ab-
sence per 100 person-years measured as days and long episodes
was lowest in the high-dose group (1627 days and 31 episodes)
and highest among passive commuters (2079 days and 40 epi-
sodes). When measured as short episodes, the rate was lowest in
the high-dose group (265 episodes) and highest in the low-dose
group (313 episodes).

With 12-month follow-up, the relative risks of sickness absence
days (RR=10.90, 95% CI 0.83-0.97) and long episodes (RR=0.81,
95% CI 0.72-0.90) in the high-dose cycling commuting group
were lower compared to passive group. No significant associa-
tions with short episodes were observed. Compared to passive
commuting, walking was associated with higher risk of short
sickness absence episodes in low- (RR=1.10, 95% CI 1.03-1.17)
and moderate-dose (RR=1.07, 95% CI 1.01-1.14) groups. No sig-
nificant associations of commuting by walking with sickness
absence days or long episodes were observed (Table 3). In the
smaller populations with 24-month follow-up, low dose of both
walking and cycling was associated with higher risk of short
sickness absence episodes, but apart from this, the results were
similar to those with 12-month follow-up (Table S3).

The sensitivity analyses where job strain was included in the
models as an additional covariate (Table S4), and in subsam-
ples with a maximum of 10km commute distance (Table S5)
and with moderate-to-high level of overall physical activity
(Table S6) produced largely similar results as our main analyses.

4 | Discussion

This study examined whether active commuting was associated
with the risk of sickness absence measured in days and short
(1-9days) and long (>10days) episodes in 12- and 24-month
follows. After adjustments, and using passive commuting as
a reference, the highest dose of active commuting was associ-
ated with 8%-12% lower relative risk of sickness absence days
and 18% lower relative risk of long episodes. Accordingly, the
absolute rate of sickness absence per 100 person-years during
either follow-up time was lower by 405-452days and 9-10 long
episodes.

The observed association with lower sickness absence days are
in line with two earlier studies [23, 24] where bicycle commut-
ing was associated with lower rate of sickness absence equiva-
lent to 1day per year. The cross-sectional study by Hendriksen
et al. in 1236 Dutch employees demonstrated that, compared to
non-cyclists, regular cycling was associated with less sickness
absence days [23]. They also found some evidence of a dose-
response pattern: those who cycled longer distances and more
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TABLE1 | The characteristics of the study population (n =28485) at baseline (2020). Values are counts and percentages unless otherwise stated.

Total Passive Low dose Moderate dose High dose

Variable (n=28485) (n=17327) (n=3723) (n=3796) (n=3639)
Sex

Women 22553 (79) 13509 (78) 3163 (85) 3186 (84) 2695 (74)

Men 5932 (21) 3818 (22) 560 (15) 610 (16) 944 (26)
Age, mean (SD) 46.0 (11.1) 46.3 (11.1) 45.4 (11.3) 45.4(11.1) 45.7 (10.5)
Marital status

Unmarried 8967 (32) 5414 (31) 1361 (37) 1245 (33) 947 (26)

Cohabiting 5862 (21) 5862 (21) 722 (19) 794 (21) 790 (22)

Married 13499 (48) 13499 (48) 1624 (44) 1737 (46) 1872 (52)
SES

High 11562 (45) 6753 (42) 1537 (48) 1664 (49) 1608 (48)

Intermediate 7738 (30) 5053 (32) 841 (26) 863 (26) 981 (29)

Low 6541 (25) 4115 (26) 833 (26) 844 (25) 749 (22)
Job contract

Permanent 24274 (85) 14845 (86) 3098 (83) 3229 (85) 3102 (85)

Fixed term 4211 (15) 2482 (14) 625 (17) 567 (15) 537(15)
Employment type

Full-time 28019 (99) 17037 (99) 3672 (99) 3741 (99) 3569 (98)

Part-time 381 (1) 235 (1) 44 (1) 45 (1) 57(2)
BMI, mean (SD) 26.5 (5.0) 27.0(5.2) 26.3 (4.9) 25.6 (4.4) 25.1(3.9)
Smoking

No 24819 (88) 14763 (86) 3232 (87) 3440 (91) 3384 (93)

Yes 3513 (12) 2473 (14) 469 (13) 335(9) 236 (7)
Alcohol use

No use to moderate use 27193 (69) 16517 (96) 3547 (96) 3637 (96) 3492 (96)

At-risk use 1174 (4) 738 (4) 154 (4) 144 (4) 138 (4)
Commute distance (one-way; 12.2 (61.5) 16.9 (78.4) 1.9 (1.5) 4.2(2.5) 9.4 (5.8)
km), mean (SD)
Active commuting (km/week), 12.2(24.3) 0(0.0) 9.9(3.9) 23.6 (4.4) 60.6 (37.5)

mean (SD)

Abbreviation: SD, standard deviation.

frequently had fewer sickness absence days compared to those
cycling shorter distances (up to 5km) three times a week [23].
Both cycling and walking were included in a longitudinal study
by Mytton et al. among 691-801 commuters in the UK [24]. In
a 2-year follow-up, those who sustained commuting by cycling
(any dose) reported less sickness absence days compared to non-
cyclists [24].

To gain sufficient weekly amount of active commuting, our
findings suggest that cycling is better than walking. High-dose
active commuters (mean of 61 active km/week) with lower sick-
ness absence risk than passive commuters, had a mean one-way
commute distance of 9km and they gained their dose mostly by

cycling. In comparison, low-dose active commuters (mean of
10 active km/week) with no beneficial associations with sick-
ness absence and with typically shorter commutes (mean one-
way distance of 1.9km), gained their dose mostly by walking.
Moreover, in our further analysis separating cyclists and walk-
ers, the protective association was observed for high dose of cy-
cling (mean of 67 active km/week), but not walking (mean of 34
active km/week). In addition to the typically lower weekly num-
ber of active kilometers among walkers, the intensity of walking
may be insufficient. Some earlier studies suggest that to reduce
sickness absence, high-intensity leisure-time physical activity
may be needed [19, 20, 38]. With respect to health benefits of
walking in general, higher walking pace (i.e., intensity) may be,
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FIGURE 2 | Incidence for sex- and age-adjusted sickness absence (SA) with 95% confidence intervals per 100 person-years according to active
commuting exposure groups during a 12- and a 24-month follow-up.
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in fact, of greater importance than the weekly dose [39]. In line
with our findings, the study by Mytton et al. observed no signifi-
cant associations between sustained walking to work (any dose)
and sickness absence [24].

Our overall findings imply that participating in rather regular
active commuting by bicycle with often longer distance could
reduce sickness absence days by reducing the risk of long
(= 10days) episodes. With respect to shorter (1-9) episodes, how-
ever, we observed diverging results across the analyses, and no
evidence of a protective association. Instead, the lowest weekly
doses of active commuting—particularly by walking—were as-
sociated with higher risk compared to passive commuting. To
be able to further examine this, information on the diagnoses
behind sickness absence could be useful, considering that the
causes of and the risk factors for shorter sickness absence epi-
sodes are likely to differ from those of long episodes [40]. The
leading causes of long-term sickness absence in Finland and
other Western countries are mental and musculoskeletal disor-
ders [38]. In a previous study in Finnish middle-aged municipal
employees, leisure-time physical activity was associated with
lower risk of long-term sickness absence due to any cause, as
well as specifically for these causes [38]. In general, compared
to short episodes, long-term sickness absence is shown to be a
better indicator for overall health and [17, 18] future disability
retirement [14-16].

Adding job strain to the models had no effect on the estimates,
implying it acts neither as a mediator nor a confounder. The
results of sensitivity analyses where participants with one-way
distance of more than 10km where excluded, suggest that our
main findings were unlikely driven by the long commute dis-
tances of passive commuters.

4.1 | Strengths and Limitations

The strengths of this study lie in the large cohort with high re-
sponse rate (72%) and its representativeness of the FPS work-
force. The separate survey questions on commuting for summer
and winter also enabled us to include Nordic wintertime com-
muting behavior. We used reliable register-based data on sick-
ness absence days and episodes of different lengths with a
prospective design where the outcomes were measured after the
exposure. We examined the associations with sickness absence
in 12-month follow-up, which enabled us to include participants
from all four participating cities, and in 24-month follow-up
with a smaller subpopulation, allowing to assess potential
longer-term effects. We were also able to adjust our models with
several potential confounders including prior sickness absence,
which is a strong indicator of health status [17, 18] and future
work disability [15, 16], and could also contribute to a lower like-
lihood of engaging in active commuting.

A major limitation in our study is that, in contrast to the two
previous studies [23, 24], we were not able to adjust our mod-
els for leisure-time physical activity. Although weekly hours
of overall physical activity were assessed at baseline, the mea-
sure does not disentangle between leisure-time and commuting
physical activity. To reduce this limitation, we tested the associ-
ations among a subgroup of participants with moderate-to-high

level of overall physical activity. By doing so, we were able to
demonstrate that the observed protective associations among
the high-dose active commuters were unlikely stemming from
their higher level of leisure-time physical activity. In addition,
this enabled us to exclude the participants with physical disabil-
ities preventing or restricting their participation in physical ac-
tivities, including active commuting.

Additional limitations include the potential for self-report bias,
as our measurements of active commuting and overall physical
activity rely on self-reports of commuting behavior, commute
distance, and weekly hours of physical activity. To avoid such
bias, future research should aim at measuring commuting and
leisure-time physical activity by more objective measures, such
as accelerometers and other wearable devices. However, this is
often not feasible in large scale epidemiological studies. Despite
the high survey response rate (72%), some selection bias may
also exist. Moreover, our female-dominated (80%) public sector
cohort may limit the generalizability of our findings to private-
sector or male-dominated occupations. Finally, our study pe-
riods did include the COVID-19 pandemic which may have
affected both commuting behavior and sickness absence.

5 | Conclusions

This study adds to the existing evidence that regular commut-
ing physical activity by bicycle has potential for reducing sick-
ness absence days by reducing the risk of long-term episodes.
Our findings may provide further reasons for employers to en-
courage the employees to use active commuting. The employers
could invest in incentives such as providing bicycle benefit, bicy-
cle parking, and changing rooms with showers.
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