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Abstract

Background: Long commutes by car are stressful. Most research studying health effects of commuting have sum-
marized cross-sectional data for large regions. This study investigated whether the levels of stress and individual char-
acteristics among 30-60 min car commuters were similar across different places within the county of Scania, Sweden,
and if there were changes over time.

Methods: The study population was drawn from a public health survey conducted in 2000, with follow-ups in 2005
and 2010. The study population was selected from the 8206 study participants that completed the questionnaire at all
three time points. Commuting questions in the 2010 questionnaire assessed exposure concurrently for that year and
retrospectively for 2000 and 2005. In total, 997 persons aged 18-65 and working 15-60 h/week had commuted by car
30-60 min at least at one time point. Geographically weighted proportions of stress among 30-60 min car commut-

where individual-level data are available over time.

same residential location as in 2000.

Geographically weighted proportions, Sweden

ers were calculated for each year and classified into geographically continuous groups based on Wards algorithm.
Stress levels, sociodemographic characteristics and commuting characteristics were compared for areas with high
and low stress in relation to the rest of the county. This novel methodology can be adapted to other study settings

Results: Spatial heterogeneity in stress levels was observed and the locations of high and low stress areas changed
over time. Local differences in stress among participants were only partly explained by sociodemographic characteris-
tics. Stressed commuters in the high stress area in 2000 were more likely to maintain their commuting mode and time
than those not stressed. Stressed commuters in the high stress area in 2000 were also more likely to have the same
workplace location in 2010, while stressed commuters in the high stress area in 2010 were more likely to have the

Conclusion: The relationship between commuting mode and time and stress is variable in place and time. Better
understanding of commuting contexts such as congestion is needed in research on the health effects of commuting.

Keywords: Stress, Commuting, Cross-sectional, Repeated measures, Spatial heterogeneity,

Background

Commuting, the regular travel between home and
work, accounts for a significant block of time in eve-
ryday life. The distance and time associated with the
journey to work has been increasing in many regions
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[1, 2]. According to economic theory, regions benefit
from larger labor markets and individual commuters
are compensated by access to better jobs, higher sala-
ries, lower rents or greater choice of residential locality.
Some empirical studies report that people who spend
more time commuting have lower subjective well-being,
suggesting a “commuting paradox” in which the cost of
longer commutes is not offset by advantages in other
aspects of life [3].
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In health research, commuting has been shown to be
associated with stress [4—6]. Commuting makes recur-
rent and enduring demands on individuals which require
them to readjust their behaviors over long periods of time
to cope [7]. Subjective and objective stressors such as
crowding, lack of control and flexibility, and noise associ-
ated with the commute itself may give rise to subjective
responses [4]. The perceived stress can directly, and via
triggered physiological responses, have negative impacts
on attitudes, behavior and health. Increased stress may
also occur as a function of the time lost while commuting
[8]. More time spent on the journey to work means less
spare time for health beneficial activities and can cause
disturbances in work—family balance. Thus, stress expe-
rienced due to the commute contributes to the everyday
stress experienced at the workplace and at home [9].

Stress in commuting is likely a combination of individ-
ual factors, and characteristics of the commute itself such
as journey duration [5, 10]. Environmental exposure such
as congestion, perception of the surroundings, noise, and
air pollution is believed to cause stress among commut-
ers [4]. These environmental factors vary for different
places. The association between commuting and stress
could therefore also vary spatially, depending on the con-
text where the commuting takes place.

There is increasing interest in understanding spatial
heterogeneity in patterns of commuting [11]. A number
of studies focus on forms of active commuting. In Paris, a
study of individual and environmental factors and active
commuting found differences from place to place in the
relationship between some of the environmental factors
and walking or cycling to work [12]. In a Dutch study,
geographic heterogeneity in cycling under different
weather conditions was considered [13]. An ecological
study in the US considered how environmental factors
influence the use of active transportation [14]. There has
been surprisingly little study connecting commuting to
the residential locations of commuters [15]. In a Swed-
ish study, commuters who traveled a long duration (mode
was not known) and resided in metropolitan areas expe-
rienced higher separation rates from their partners com-
pared to commuters living in rural areas after adjustment
for individual characteristics [16].

This study focuses on spatial variability in stress among
30-60 min car commuters in the county of Scania, Swe-
den. A cross-sectional study in the county comparing
active (walking or cycling), car, and public transit com-
muters found a stronger association between car and
public transit commuting and high stress than with active
commuting [6]. The strongest association with high stress
was found among 30-60 min car commuters. Studies
conducted in other countries in Europe and North Amer-
ica and in Australia have also shown that car commuting
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is perceived as more stressful than public transit or active
commuting [17-21].

Commuting time and distance have been increasing
in Scania [22] and in the rest of Sweden [23], and com-
muting by car is the main mode [24]. A large pool of car
commuters presently commutes close to 30 min one way.
Continuing increases in commuting distance will likely
lift a lot of commuters to the 30—60 min category, which
would pose a potential problem of higher stress for a
larger number of commuters. The patterns of commut-
ing in Scania are similar to those in other areas of Sweden
and countries in Europe and North America in terms of
reliance on the car and commuting times [3, 25, 26]. This
creates an opportunity to assess geographical variability
in the association between a common form of commut-
ing and a range of health effects.

Much of the research on health effects of commut-
ing to date has not explicitly addressed whether these
effects are more pronounced in some areas than others.
Research conducted in some communities finds evidence
of health effects [4—6] while research conducted in other
settings suggests no association between commuting
and a range of health outcomes [27]. Spatial analyses in
health provide insight into variations in the associations
between commuting and health within and across coun-
tries. The novel methodology used in this analysis can be
easily adapted to other study settings.

The general aim of the paper was to study whether the
level of stress among 30—60 min car commuters in Scania
was similar across space or if it differed between different
places and whether differences across places varied over
time. A secondary aim was to study whether these poten-
tial differences in stress among 30—60 min car commut-
ers in place and time were accompanied by differences
in socio-demographic characteristics of commuters or
the spatial contexts of their commutes. The final aim of
the research was to investigate whether the potential
changes in the location of the high stress areas over time
could be explained by migration in and out of the areas,
change of workplaces, or adoption of other commut-
ing modes as ways of dealing with a stressful commute.
We hypothesized the existence of geographic disparities
in the association between a 30-60 min car commute
with self-reported stress over time within Scania. We
expected that 30-60 min car commuters in areas where
such commuters reported higher stress would have dis-
tinctive socio-demographic characteristics, such as being
a woman, having a low level of education, low income or
low occupational status [28, 29], associated with higher
stress levels. Finally, we expected that changes in the spa-
tial location of high stress areas could be associated with
high levels of mitigation, with individuals in high stress
areas changing workplaces and commuting modes.
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Fig. 1 The study area

Methods

Study area

Scania is the southernmost county of Sweden (Fig. 1).
It is characterized by a polycentric city structure, where
people often live in one place and work in another [30].
Scania covers almost 11,000 km? and has a population
density of 116 inhabitants/km® The county has seven
regional cores but Malmo, Lund and Helsingborg are the
strongest contributors to population and employment
growth [30]. In 2000, the Oresund bridge was opened
connecting Malmoé and the Danish capital Copenha-
gen, creating the core Oresund region, the largest and
most densely populated metropolitan area in the Nordic
countries with 3.7 million inhabitants. Infrastructure is
well developed to the west, and future investments are
planned to increase connections between west and east.

Study population

The study population was selected from repeated cross-
sections drawn from participants in a public health
survey, Public Health in Scania (PHS), sent to 24,922
persons in 2000. The selection procedure at baseline was
geographically stratified based on the 33 municipalities in
Scania. Strata were also formed within each municipality
based on gender. Two follow-ups were performed in 2005

and 2010 [31]. In 2000, 13,604 (55 %) persons responded.
Study subjects were selected from the 8206 respondents
who answered the questionnaire at all three time points.
The questionnaire contained more than one hundred
questions about background, family situation, work and
health. The questionnaire in 2005 was identical to the
one from 2000. In 2010, eight additional questions were
added. Questions about commuting duration and mode
were added to PHS in 2010, including self-report of com-
muting mode and time in 2010 and retrospective self-
report of commuting mode and time for 2000 and 2005.

All of the 8206 respondents who fulfilled the inclusion
criteria were eligible for this study. The inclusion crite-
ria were that the commuter should be between 18 and
65 years old in a given year, commuted 30-60 min by car,
worked 15-60 h/week, answered the public health survey
question about stress, and had residential coordinates
linked from register data. Based on these inclusion cri-
teria, we included a total of 997 individuals of which 616
were eligible in 2000, 543 in 2005 and 454 in 2010.

Register data

Register data on income, occupational status and work-
place location were obtained from Statistics Swe-
den (SCB). Workplace location was provided for the
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northwest coordinates of the grid cell location of the
workplace. Grid cell size was 250 x 250 m within cities
and 1000 x 1000 m outside cities. Residential locations
were obtained from regional authorities based on the
centroid of the real estate parcel where the study sub-
ject lived. All locations were given in Swedish grid sys-
tem coordinates (RT 90 2.5gon west) and were projected
not geographic coordinates. Ethical approval was granted
by the regional ethical review board in Lund to connect
the data from SCB to the survey data and to conduct the
study.

Health outcome

Stress was measured as perceived stress based on one
question in the survey: “Do you feel stressed in your eve-
ryday life?” with three response alternatives (1) Yes, in
general (2) Yes, sometimes (3) No (almost never). This
variable was dichotomized into stressed (1) and not
stressed (2-3). This strict definition was used to include
only those strongly perceiving stress.

Sociodemographic characteristics of commuters

Age was obtained from the questionnaire as self-reported
for each year. This information was dichotomized into
50 years or older and younger than 50 years. This vari-
able was included to represent two different stages in life.
Research has shown that car ownership tends to increase
to the age of fifty and thereafter decline [32].

Gender was obtained from the questionnaire. Women
often have greater responsibilities for taking care of the
home and family, which could be expected to have an
influence on the stress experienced in relation to com-
muting [33]. The degree of compensation for employ-
ment requiring longer commutes might also differ by
gender [34].

Educational level was acquired from the questionnaire
for each year. The question included ten levels from
completing primary school (1-6 years) to research edu-
cation. This question was dichotomized into more than
12 years of school and less than or equal to 12 years of
school. Educational status is a socioeconomic meas-
ure that could indicate income, family background and
motivation [35].

Occupational status was obtained from Statistics
Sweden in six categories: unskilled and skilled manual
workers, non-manual employees on a low, medium and
high level and “farmers and entrepreneurs” These were
dichotomized into blue collar occupations (unskilled
and skilled manual workers; including also farmers and
entrepreneurs) and white collar occupations (non-man-
ual employees on a low, medium and high level). Differ-
ent types of job could generate different levels of stress
[36].

Page 4 of 14

Job satisfaction was measured with the question “Is the
company/workplace that you are working at today the
one that you wish to work for in the future?” with the
alternatives yes or no. Job satisfaction could compensate
the negative stress experienced by the commute [37].

Income was obtained from Statistics Sweden as the
disposable income of the individual, and adjusted for
inflation. A higher income would suggest a greater com-
pensation for the commute [38].

Living alone was self-reported based on the question
“How many persons, including yourself, are living in
your household?”. All answering “1” were classified as liv-
ing alone. Living alone would mean not having a family
at home to consider and would thereby minimize work—
family conflict [9].

Rooted in neighborhood was self-reported based on the
question “Do you feel rooted and have a strong sense of
belonging with your residential area?” (1) to a high degree
(2) to some extent (3) not especially (4) not at all. This
question was dichotomized into: high neighborhood con-
nection (1) and low neighborhood connection (2—4). We
use neighborhood connection as an indicator of residen-
tial satisfaction, thus compensating for commuting [3].

Commuting characteristics

Mode and time Car commuters traveling 30—60 min one
way were identified based on the self-reported ques-
tions: “How much time does it take to get to work (single
journey)?” (1) <15 min (2) 15-30 min (3) 30-60 min (4)
1-1.5 h (5) 1.5-2 h and (6) longer than 2 h and a mul-
tiple choice question “How do you usually go to work?”
(1) walking (2) cycling (3) car (4) bus (5) train (6) other
(7) do not work. Participants answering 30—60 min com-
mute and car (only car or car with walking or cycling on
the multiple choice question) were coded as 30—60 min
car commuters. This approach to classify commuters by
mode and time has been used in other studies relying on
public health survey data in Sweden [1, 6].

Distance Euclidean distance between residence and
workplace was calculated based on projected coordinates
of the residential location and of the workplace location.
Distance in addition to mode and duration is an impor-
tant characteristic of the commute. A 30-min commute
in a congested area might cover a much shorter distance
than a 30-min commute in a rural area with less traf-
fic. This variable was also dichotomized into commut-
ing longer or shorter than the median distance for all
30-60 min car commuters that year.

Living or working in a big city was measured as resi-
dence or workplace located within the city borders of
Malmo or Lund. Malmé and Lund are the largest cities in
the region and commuting into or out of this area would
be associated with more traffic and congestion.
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Analysis

The analysis proceeded in three stages. First, we con-
ducted a spatial analysis using geographically weighted
proportions to assess the proportion of stress among
neighboring commuters of each participant for each year.
A geographically weighted proportion (GWP) is a spatial
statistical measure [39] which was calculated based on
the residential location of each participant using Gauss-
ian spatial weights and a fixed bandwidth of 20 km. The
bandwidth was selected to define the local area within
which commuters would experience similar residential,
employment, and commuting opportunities. This dis-
tance defines a zone around each residential location
that is similar in size to the administrative kommuner
or county sub-units in Scania. The GWP was calculated
using the formula given by Fotheringham et al. [40].

After calculating the GWP for each participant resi-
dential location in a particular year, Ward’s classification
analysis was applied to the geographically weighted pro-
portions to group all study subjects for that year. Geo-
graphically contiguous areas with at least 30 participants
who had similar GWP values were identified.

The proportion of 30-60 min car commuters who
reported stress was calculated for participants in each
group. Areas with the highest and the lowest proportions
of stress for each year were selected for further analysis.

In the second stage, we compared the sociodemo-
graphic and commuting characteristics of the individu-
als in the areas with the highest and lowest proportion
of stress with 30—-60 min car commuters in the county
as a whole for each of the 3 years separately. Differences
in local area proportions were calculated for covariates
describing sociodemographic and commuting character-
istics among commuters in the high and low stress areas
and the remaining study population. Z-scores were cal-
culated based on the formula for a test of single propor-
tions [41]. The null hypothesis was rejected if the Z-score
exceeded the critical value for a two-tailed test. If the null
hypothesis was rejected, there was a difference in the
sociodemographic or commuting characteristic in the
high or low stress area.

The final step in the analysis was to investigate how
reported stress in the high stress areas in 2000 and 2010
were affected by changes in residential location and com-
muting among study subjects over time. That is, stress
in the highest stress area in 2000 might have decreased
because commuters experiencing stress in 2000 changed
their residential locations or modes of commuting by
2010. For all residents of the high stress area in 2000, the
proportions of commuters who by 2010 had changed
residential location, workplace location, and commuting
were assessed. For all residents of the high stress area in
2010, the proportion of commuters who since 2000 had
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changed residential location, workplace location, and
commuting were also assessed.

The stress levels of commuters moving within and out
of the 2000 and within or into the 2010 high stress areas
were also compared. Changes in the observed levels of
self-reported general stress in an area could result from
change in the local population or from more- or less-
stressed individuals moving into or out of the area.

Results

Spatial heterogeneity

Grouping observations based on geographically weighted
proportions of stress among 30-60 min car commut-
ers indicated spatial heterogeneity in the levels of self-
reported stress among 30—60 min car commuters in each
year (Fig. 2). In 2000, the overall proportion of stress in
30-60 min car commuters in the county was 22 %. In
the area with the highest stress level based on analysis of
GWPs, the simple proportion of 30—60 min car commut-
ers reporting stress was 37 %. In the area with the low-
est stress level, the simple proportion of such commuters
reporting stress was only 14 %.

The overall stress level among 30—60 min car commut-
ers decreased from 2000 to 2010, but geographical dif-
ferences in the levels of stress were apparent across the
3 years. The highest and lowest stress areas were located
in the same parts of the county in 2005 as in 2000. By
2010, however, the highest stress area was no longer in
the southwestern part of the county near Malmé. It had
shifted to the northwestern part of the county.

Sociodemographic and commuting characteristics

in different areas

Sociodemographic and commuting characteristics of
participants in the highest and lowest stress regions
were compared to the county as a whole at baseline and
follow-up (Tables 1, 2, 3). Sociodemographic character-
istics of 30—60 min car commuters in the entire county
varied over time. As expected given the aging of the study
subjects over the repeated cross-sections, there was a dif-
ference in the proportion of commuters over the age of
50, with the lowest proportion in 2000 and the highest
proportion in 2010. The educational status was lowest in
2000 and highest in 2010. There was also some difference
in neighborhood connection which was lowest in 2000
and highest in 2010. Income was also highest in 2010
with 8 times the base amount and lowest in 2000 with 6.7
times the base amount.

In the areas of high and low stress, few marked dif-
ferences in the sociodemographic characteristics of
30-60 min car commuters were observed, except in
2010. In 2010, 30—60 min car commuters in the high-
est stress area were less likely to be white collar workers,
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Table 1 Socioeconomic and commuting characteristics of 30-60 min car commuters in highest and lowest stress areas

in 2000

Highest stress area Lowest stress area County
Number N =68 N=71 N=616
Proportion with stress (%) 37**%(z=2.70) 14 (z=1.54) 22
Female (%) 40(z=0.11) 39(z=0.17) 41
50 years or older (%) 37 (z=0.04) 44 (z=10.90) 38
More than 12 years of school (%) 0 (z=0.00) 47 (z=042) 50
White collar workers (%) 67 (z=0.39) 71 (z=1.16) 64
Employed full time (%) 90 (z=0.37) 90 (z=048) 88
High job satisfaction (%) 2 (z=150) 68 (z=0.93) 73
High neighbourhood connection (%) (z =0.09) 38 (z=0. 22) 40
Living alone (%) 9 (z=0.00) 6(z=0.89) 10
Median income 7.3 6.4 6.7
Greater than median income (%) 53 (z=0.37) 44 (z=0.84) Ref
Number fulfilling distance criteria N =61 (470) N =58 (473) N =531
Working in Malmé/Lund (%) 61**(z=1.97) 28%%(z2=2.87) 47
Living in Malmé/Lund (%) 7 (2=3.89) 0**(z=4.88) 30
Work or live in Malmé/Lund (%) 62 (z=0091) 28%*(2=4.18) 56
Commuting distance over median (%) 59 (z=1.28) 55 (z=0.66) Ref
Mean commuting distance (km) 28 29 26
Median commuting distance (km) 27 27 24

Italics text and ** highlight statistically significant values at the 95 % level (p < 0.05) and italics text and * highlight statistically significant values at the 90 % level

(p < 0.10) in comparison to the rest of the county for 2000

and had lower incomes than 30—60 min car commuters
in the county as a whole (Table 3). In the lowest stress
area, 30—60 min car commuters were less likely to be
employed full time and more likely to be female.

In terms of commuting characteristics, commuting dis-
tance among 30—60 min car commuters in the study area
was higher in 2010 compared to 2000, consistent with

trends in Sweden. In each year, the mean and median
commuting distances of 30-60 min car commuters in
the high stress area were higher than in the county as a
whole. The mean and median commuting distances of
30-60 min car commuters in the lowest stress areas were
also higher than in the county as a whole, except in 2010
when they were lower.
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Table 2 Socioeconomic and commuting characteristics of 30-60 min car commuters in highest and lowest stress areas

in 2005

Highest stress area Lowest stress area County
Number N =38 N =31 N =543
Proportion with stress (%) 24 (z = 0.60) 10 (z=1.04) 19
Female (%) 29%(z=1.65) 61*(z=1.82) 43
50 years or older (%) 2 (z=066) 64 (z=1.57) 49
More than 12 years of school (%) 3(z=062) 64 (z=0.67) 57
White collar workers (%) 8(z=027) 79 (z=148) 65
Employed full time (%) 5(z=163) 90 (z=0.76) 84
High job satisfaction (%) (z=0.00) 84 (z=063) 78
High neighbourhood connection (%) 45 (z=0.20) 58 (z=0.99) 48
Living alone (%) 0(z=1.56) 6(z=0.04) 8
Median income 8.2 7.1 74
Greater than median income (%) 63 (z=1.50) 48 (z=0.00) Ref
Number fulfilling distance criteria N =33 (436) N = 26 (443) N =469
Working in Malmé/Lund (%) 73** (2= 2.75) 15%%(z=3.06) 47
Living in Malmo/Lund (%) 0% (z=3.50) 0%* (z=3.06) 29
Work or live in Malmé/Lund (%) 72.7%(z=1.85) 15%*% (7 =3.88) 55
Commuting distance over median (%) 54 (z=0.35) 54 (z=0.20) Ref
Mean commuting distance (km) 28 29 27
Median commuting distance (km) 26 27 25

Italics text and ** highlight statistically significant values at the 95 % level (p < 0.05) and Italics text and * highlight statistically significant values at the 90 % level

(p < 0.10) in comparison to the rest of the county for 2005

Table 3 Socioeconomic and commuting characteristics of 30-60 min car commuters in highest and lowest stress areas

in2010

Highest stress area Lowest stress area County
Number N =106 N =34 N =454
Proportion with stress (%) 24* (z=1.90) 9(z=0.95) 16
Female (%) 43 (z=032) 62*(z=1.75) 45
50 years or older (%) 1(z=003) 9(z=068) 51
More than 12 years of school (%) 50 (z=1.59) (z = 0.00) 59
White collar workers (%) 57%(z=1.74) 3(z=1.40) 66
Employed full time (%) 9(z=1.16) 71%(z=1.92) 84
High job satisfaction (%) 1(z=028) 76 (z=0.17) 73
High neighbourhood connection (%) 52 (z=0.00) 38 (z=140) 52
Living alone (%) 8(z=0.23) 12 (048) 9
Median income 7.6 7.7 8
Greater than median income (%) 41*(z=1.80) 47 (z=0.14) Ref
Number fulfilling distance criteria N =93 (320) N =30 (383) 413
Working in Malma/Lund (%) 29%(z=3.51) 7**(z=431) 48
Living in Malmé/Lund (%) 0% (z=5.55) 0% (z=3.01) 26
Work or live in Malmé/Lund (%) 29%%(z=5.18) 7**(=5.28) 56
Commuting distance over median (%) 60* (z=1.88) 30** (z=2.00) Ref
Mean commuting distance (km) 31 27 29
Median commuting distance (km) 30 23 28

Italics text and ** highlight statistically significant values at the 95 % level (p < 0.05) and italics text and * highlight statistically significant values at the 90 % level

(p < 0.10) in comparison to the rest of the county for 2010
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Except in 2010, commuting by car greater than the
median distance for the county was not significantly
associated with higher or lower stress. In 2010, the rela-
tive distance of the commute and the workplace des-
tination distinguished commuters in the highest and
lowest stress areas. In the high stress area, 30—60 min
car commuters were more likely to commute over dis-
tances exceeding the median distance for the county. A
much lower proportion of commuters in the low stress
area commuted distances greater than the median for the
county as a whole.

Living and working in the Malmé/Lund area had sig-
nificantly different proportions in the highest and lowest
stressed areas in all three years. In 2000 and 2005, com-
muters in the high stress area were more likely to work
in Malmo6/Lund and less likely to live in Malmé/Lund,
meaning they were commuting from outside into these
urban centers. In 2010, however, commuters in the high
stress area were less likely to live or work in Malmo/Lund
because the high stress area shifted to the northwest.

Changes in commuting over time

People change jobs, residential locations, and commuting
modes over time. This affects the number of survey par-
ticipants meeting the inclusion criteria across the years
of the study. As noted above, the number of survey par-
ticipants in the county as a whole who met the inclusion
criteria declined from 616 in 2000, to 545 in 2005, and to
454 in 2010. This change is the net result of three processes
(Fig. 3). First, from 2000 to 2005, 329 of the survey partici-
pants who met inclusion criteria for 2000 also met all of the
inclusion criteria in 2005. Second, 287 of the survey partici-
pants who met all of the inclusion criteria in 2000 did not
meet all of the criteria in 2005 and were excluded in 2005.
Third, 214 survey participants who did not meet all of the
inclusion criteria in 2000 met the criteria in 2005 and were
included in 2005. This is a difference of 73 people, consist-
ent with the net decline in the number of 30-60 min car
commuters from 616 in 2000 to 543 in 2005. The corre-
sponding figures for 2005 and 2010 are also shown along
with the commuting modes and times of individuals who
did not meet the inclusion criteria in a given year.

From 2000 to 2005 and from 2005 to 2010, more
than half the 30-60 min car commuters included in the
study maintained a 30-60 min car commute. From 2000
to 2005 and from 2005 to 2010, the most frequently
observed commuting mode and duration among those
survey participants who did not meet the inclusion cri-
teria in every year of the study was a commute by car of
<30 min. The results for the county as a whole indicate
that many car commuters changed their patterns of com-
muting over the study period resulting in increases or
decreases in reported commuting time.
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Among the 68 commuters in the highest stress area
in 2000, only 56 % of those reporting high stress in 2000
had the same residence by 2010 and 72 % had a different
workplace by 2010 (Table 4). Two-thirds of those report-
ing high stress in 2000 were still commuting 30—60 min
by car in 2010. Among the 30—-60 min commuters report-
ing low stress in 2000, 50 % had changed to a shorter car
commute or some other mode by 2010.

Of all 30-60 min car commuters living in the highest
stress area in 2000 who moved out of the area entirely
by 2010, 36 % reported high general stress in 2000. Of
individuals who moved within the 2000 high stress area
between 2000 and 2010 and commuted 30-60 min by car
in 2010, the 2010 stress level was only 18 %. More study
subjects moved within the area between 2000 and 2010
than out of the area.

Among the 106 commuters in the highest stress area
in 2010 (Table 5), only 8 % of those commuters report-
ing high stress in 2010 had lived outside the area in 2000,
but 86 % had a different workplace location from the one
reported for 2000. All of them had commuted by car in
2000, but 30 % had commuted <30 min.

Of all 30-60 min car commuters living in the high-
est stress area in 2010 who had lived outside of the area
entirely in 2000, 12 % reported high general stress in
2010. Of 30—60 min car commuters who lived in the 2010
high stress area in 2000 and had moved within the area
by 2010, 25 % reported high stress. More of the study
subjects moved within the 2010 highest stress area than
into it between 2000 and 2010.

Discussion
This analysis highlights the challenges of studying asso-
ciations between stress and ongoing behaviors such as
commuting. The level of self-reported general stress
among 30—60 min car commuters varied geographically
within Scania. In addition, the locations of areas where
stress levels were high or low changed over time. The
results for the county as a whole indicate that many car
commuters changed their patterns of commuting over
the study period resulting in increases or decreases in
reported commuting time. The observed geographical
shift in the location of the high stress commuting area
over time from the southwest to the northwest could be
explained by a number of processes affecting commuting.
Stress levels among 30-60 min car commuters were
highest in 2000 and lowest in 2010. This result is also in
concordance with the overall stress level in the county
based on public health surveys conducted in 2000, 2004,
2008 and 2012. Stress decreased for the county as a whole
from 2000 to 2008, followed by an increase in 2012 [42].
The age of the study subjects in the repeated cross-sec-
tions used in this research increases with each follow-up
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2000

Active N=28

Public N=17

Car < 30 min N=96
Car 30-60 min N=25
Car > 60 min N=10

2005

Active N=27

Public N=24

Car < 30 min N=93
Car 30-60 min N=22
Car > 60 min N=5

Car < 30 min N=103
Car 30-60 min N=34
Car > 60 min N=11
Missing N=84

Missing N=38 | Missing N=24 |
N=214 N=195
2000 ‘1’ 2005 ‘1’ 2010
Car 30-60 min N=329 Car 30-60 min N=259 Car 30-60 min
N=616 N =543 N=454
N=287 N=284
\- \\&
2005 2010
Active N=25 Active N=20
Public N=30 Public N=33

Car <30 min N=100
Car 30-60 min N=40
Car > 60 min N=9
Missing N=82

Fig. 3 Change in the number of 30-60 min car commuters fulfilling the inclusion criteria at baseline and follow-up. Bold boxes show participants
who fulfilled the inclusion criteria in a given year and bold arrows show participants that also fulfilled the inclusion criteria in the subsequent year.
Dashed boxes above the bold boxes show participants who did not fulfill the inclusion criteria in a given year but fulfilled the inclusion criteria in the
subsequent year. Dashed boxes below show participants who did fulfill the inclusion criteria in a given year did not fulfill the inclusion criteria in the

subsequent year

Table 4 Changes in residence, workplace, commuting
and stress level from 2000 to 2010 among residents of the
2000 highest stress area

Residents reporting
high stress in 2000

Residents reporting
low stress in 2000

(N = 25) (%) (N =143) (%)
Residence in 2010
Same as 2000 56 49
Differentinside area 24 30
Different outside 20 21
area
Workplace 2010
Different from 2000 72 69
Commuting in 2010
Car <30 min 17 27
Car 30-60 min 67 50
Car >60 min 6 3
Public transit 11 13
Active 0 7
Stress level in 2010
High 12 9

which also could explain some of the general decrease
in self-reported stress among 30-60 min car commut-
ers from 2000 to 2010. A prior study showed that stress
decreased with age [43].

A number of prior studies conducted in other research
settings have shown that increasing commuting time is
positively associated with stress [5, 8, 44, 45]. Gottholm-
seder et al. [5] found that an increase of 1 m in commut-
ing duration decreased the probability of feeling relaxed
or very relaxed by 0.1 % among Austrian workers. The
perception of the commute as being lost time was impor-
tant. The association between increasing duration of the
commute and health outcomes is not always linear. Hans-
son et al. [6] found the strongest positive association for
stress among car commuters who travelled 30-60 min
and that stress was less likely among car commuters who
travelled shorter or longer times.

Not all studies have found an association between
commuting time and stress across different durations
of commute. A study of workers at a single company in
southern Germany found associations with some health
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Table 5 Changes in residence, workplace, commuting
and stress level from 2000 to 2010 among residents of the
2010 highest stress area

Residents reporting
high stress in 2010

Residents reporting
low stress in 2010

(N = 25) (%) (N=1281) (%)
Residence in 2000
Same as 2010 72 62
Differentinside area 20 21
Different outside 8 17
area
Workplace 2000
Different from 2010 86 75
Commuting in 2000
Car <30 min 30 30
Car 30-60 min 70 51
Car >60 min 0 5
Public transit 0 3
Active 0 1
Stress level in 2000
High 36 17

outcomes which were not significant when other vari-
ables were controlled, but not with stress [27]. Variabil-
ity in the associations between commuting duration and
the health outcomes studied based on residential location
of the participants was not reported. The fact that some
research shows adverse health effects from commuting
and other research does not is consistent with a central
finding of our research that there is spatial variability in
the association between commuting and stress within
and across study areas.

Local differences in stress among participants were
only partly explained by sociodemographic characteris-
tics, suggesting that the context of where the commute
takes place is important. Only in 2010 did commuters
reporting high levels of stress and residing in the high
stress area have occupation, and income characteristics
that differed from commuters in the county as a whole.
On the other hand, aspects of the commute itself were
significant in distinguishing commuters in high stress
areas from the 30-60 min car commuters in the county
as a whole.

In 2000 and 2005, commuters in the high stress area
were much more likely to have commutes to workplaces
in Malmé/Lund and workers in the low stress area were
much less likely to commute to workplaces in those cit-
ies. Conversely, in both the high and the low stress areas,
workers were much less likely to live in Malmé6/Lund.
This suggests that something about the car commuting
routes from surrounding areas into Malmé6/Lund con-
tributed to higher self-reported stress in these years.
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There is a trade-off between commuting and residen-
tial location, where pros and cons need to be weighed
against each other [3, 46]. The benefits of having a job
that is located far from the residence can include higher
salary, more prestigious job, lower residential cost and a
more attractive housing and amenities [47]. The negative
aspects would include having a longer commute, mean-
ing less spare time and more stress. In relation to our
results, changing residences and/or changing jobs can be
ways of dealing with an undesirable individual commut-
ing situation.

The availability of repeated measures made it possi-
ble to study the level of self-reported stress in the same
individuals fulfilling the inclusion criteria over time in
relation to their commuting patterns. Although many
30-60 min car commuters maintained this pattern of
commuting over time, many individuals changed their
residential and workplace locations over the study period
and others changed their commuting modes. The high
level of residential, workplace location and commuting
change observed in the high stress area in 2000 suggests
that there may be a “healthy commuter” effect [6]. Indi-
viduals in commutes that affect health negatively may
change their commutes by moving, finding new employ-
ment, traveling to work by a different mode, or some
combination of these to relieve stress.

In 2010, one out of eight Swedes moved, although
people tended to stay close to their prior home and two-
thirds moved within the same municipality [48]. Over-
all the majority of Swedes tend to live in the same place
for a long time [49]. Residential relocation almost always
affects the distance, time, and route of the commuting
trip even if the workplace location and commuting mode
remain unchanged.

This, along with spatial heterogeneity in the relation-
ships between commuting and health outcomes, has
implications for the design of studies investigating the
health effects of commuting. Not everyone has the pos-
sibility to change commuting due to income, family situa-
tion, or other factors. This could therefore be expected to
affect different socioeconomic groups differently, but also
different geographical areas due to differences in the pos-
sibility to change workplace, residence or mode of com-
mute. A study conducted in northern Sweden showed
that the geographical structure of the place shapes com-
muting. In that study, people living in sparsely populated
areas had shorter distances to work, workplaces were
concentrated and commuting between them was not
considered feasible [49].

Selection for participation in the public health survey
was designed to yield a representative status of public
health in Scania. The initial sample in 2000 was stratified
to represent all 33 municipalities in Scania. The response
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rate at the baseline was 55 %. A representability analysis
showed some underrepresentation in general of men and
younger respondents, as well as of persons born outside
Sweden [50]. Some selection bias is probably introduced
due to the application of the inclusion criteria. The ques-
tionnaire was not specifically aimed at commuters and
thereby avoids report bias.

The stress measure captured everyday stress levels and
not just the stress that could be attributed to commuting.
Finding connections between car commuting between 30
and 60 min and stress would therefore suggest a strong
influence on the everyday stress for these commut-
ers. Everyday stress was chosen as the outcome in this
study as it could be expected to occur in close relation-
ship to the exposure of the commuting. However, other
adverse health measures, such as sleep disturbance and
low self-rated health have been related to car commuting
in the Scanian population [6]. Stress was measured with
a one-item scale and the specificity of this measure can
be argued, but a similar one-item scale has been used in
prior studies [5].

Commuting mode and time were reported retrospec-
tively in 2010 for 2000 and 2005 and some recall bias
might be present due to this. Actual travel routes were
not known, so Euclidean distance was calculated based
on the residence and the workplace location. Euclidean
distance has been shown to be a good proxy for travel
distances in health studies [51].

The question about commuting mode does not distin-
guish between drivers and passengers, which is a limita-
tion due to that there can be difference in the experience
of stress among car occupants. Morris and Guerra [8]
found that long trips were associated with stress among
car drivers but not passengers.

The study design is primarily cross-sectional, even
though individuals participated in repeated waves. The
association between 30 and 60 min car commuting
observed in this research, especially strong in particu-
lar areas within the county, could mean that this form of
commuting contributes to everyday stress. On the other
hand, it could also mean that commuters in stressful life
situations might choose to commute by car as a response
to stress, as this mode is often considered to be the fastest
or most flexible [6]. The role of commuting as a cause of
stress or other health problems merits additional study.

We were not able to integrate data on levels of conges-
tion or other factors such as construction affecting the
car commuting routes in different settings. There are a
number of factors that could cause stress from car com-
muting that are related to the environment and unevenly
distributed geographically. These include congestion,
noise, air pollution, the experience of the commute,
accessibility, and other drivers’ behavior. More research
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is needed to develop methods for characterizing com-
muting environments and monitoring levels of stress
experienced during and after trips to work. Geographic
information systems can plan an important role in inte-
grating these data with other information on individual
commuter and trips to work.

Stress has been measured in different ways in stud-
ies of the health effects of commuting. In our study
perceived everyday stress was used in order to capture
stress that could be closely related in time with the
commuting exposure. Koslowsky et al. also adopted a
measure of perceived stress in studying 200 commut-
ers in Tel Aviv [45]. Gottholmseder et al. used a survey
question about how stressed 697 employees in Austria
felt when arriving at work, based on a 4-point Likert
scale (very stressed, stressed, relaxed, very relaxed)
[5]. Research has also relied on multiple measures of
stress. Salivary cortisol levels along with perceived
stress were used by Evans and Wener to measure stress
among 208 suburban railway commuters in New York
[52]. In a study of 56 railway commuters in New York,
Evans et al. compared the association between cortisol
levels and perceived stress (measured on a six-item,
five point Likert scale) and found that both measures
were positively correlated to unpredictability of the
commuting trip but perceived stress was more strongly
correlated [53]. Further research, especially using new
technologies for collecting real-time data related to
stress before, during, and after the commute, would be
of value.

In this study, we focused on spatial variability in every-
day stress among 30—60 min car commuters. Car com-
muters with commutes <30 min had similar levels of
stress as the group we studied declining from 25 % in
2000 to 19.7 % in 2010. Stress levels among car commut-
ers traveling more than 60 min were more variable across
the 3 years in the study. Future research to compare pat-
terns across these groups is a logical next step, provided
that the numbers in these groups are sufficiently large. In
2010, there were only 46 individuals commuting more
than 60 min by car. Assessing the degree of overlap in
high and low level stress areas for different groups of
commuters would help to identify problem areas and fur-
ther improve the understanding the associations between
stress and commuting and spatial patterns in these
associations.

Very few longitudinal studies exploring the impact
of commuting on stress, health and well-being have
been conducted and the need for studies with this type
of design is great. They have the potential to provider
greater insight into how individuals cope with stressful
commutes and how individuals with stress arising from
other aspects of life choose to commute.
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Like all research analysing geographic data, this study
of commuting and everyday stress is grounded in place.
Nevertheless, our work has implications beyond the spe-
cific locale in southern Sweden. As noted, the patterns of
commuting observed in Scania in terms of mode and dis-
tance are similar to patterns of commuting in the other
major metropolitan regions of Sweden, Europe, and North
America [3, 25, 26]. There is a broad interest in studying the
association between commuting and health in many coun-
tries including Germany [3], Austria [5], Sweden [6], US [8],
UK [10], Canada [19] and Australia [20]. Our research illus-
trates a method for investigating whether the association
between commuting and stress is the same everywhere.
Given the different results across studies conducted in
different places, there is a great need to investigate spatial
patterns, individual and commuting characteristics which
might be associated with them, and changes in these pat-
terns over time. Spatial statistics such as the geographically
weighted proportion used in this research are well-suited to
uncover the key patterns. The methodology we use can be
adapted to other study settings where individual-level data
on residential location, commuting mode and time, and
health status are available over time.

Our work has important implications for analyzing
health data. The associations observed at one geographic
scale such as the nation or the county may not be uni-
form when observed for other geographic scales such as
the local community level. The level of stress among com-
muters in two counties could be the same but the sub-
county patterns could be very different. In one county,
the level of stress could be almost the same everywhere
while in another county, as observed in this research, the
level of stress reported by commuters could be higher in
some areas. If the association between commuting mode
and time and self-reported stress is the same everywhere,
there is likely something about the behavior itself that is
associated with the undesirable health effect. If spatial
variability in the association is observed, other factors
may be affecting the association between community
mode and time and self-reported stress. These include
characteristics of the local population and characteris-
tics of the local environment. Health analysts and policy-
makers at a national level need to understand patterns of
spatial variability at different scales and the factors con-
tributing to variability. As noted, our work is novel in that
few studies have investigated spatial variability and few
studies have examined this question over time.

Conclusion

Commuting is an inherently geographic process, involv-
ing travel from home to work using different corridors
of movement. As an important component of the work-
ing day, commuting has implications for health. Our
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findings confirming spatial non-stationarity support and
give context for the apparently contradictory results of
previous work on the relationship between commuting
and stress. Conducted in different settings, some studies
found an association and others did not. Spatial hetero-
geneity in the relationship between car commuting and
stress observed in Scania suggests that spatial analysis
of commuting patterns and a range of health conditions
is needed to identify the sets of places where the health
effects of different modes and duration of commuting are
similar.

Health analysts and policymakers at the national level
need to understand patterns of spatial variability so that
intervention efforts can be directed to those communi-
ties where the associations between commuting and
health are strongest given the commuting environment.
Geographical shifts in the locations of areas where asso-
ciations with health are strongest highlight the need
for health analysts, urban planners, and transportation
researchers to collaborate on better ways to character-
ize the commuting environment. Spatial statistics such
as the geographically weighted proportion used in this
research are well-suited to uncovering the key patterns.
The methodology can be adapted to other study settings
where individual-level data on residential location, work-
place location, commuting mode and time, and health
status are available.

Studies of the relationship between commuting and
stress have not generally emphasized change in resi-
dence, workplace, or commuting mode over time as pos-
sible means of coping. Even less attention has been paid
to how health status might affect choice of commuting
mode. Longitudinal study designs are needed to capture
these dynamic aspects of commuting over time and its
connection to the health of workers.
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