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Emerging longitudinal research on the relationship between commuting mode and psychological wellbeing
draws exclusively from cities in developed countries and the findings are not consistent. Our study contributes to
the evidence base from urban China, where rapid urban growth has raised great concerns for urbanites’
commuting problems and psychological stress risks. Drawing upon the China Health and Nutrition Survey
(2006-2015), we followed a quasi-longitudinal design to examine changes in commuting mode and the asso-
ciations with long-term psychological stress. Crucially, the neighbourhood-level urbanicity scale was incorpo-
rated to analyse geographic variations in the commuting-stress relationship over time. The results show that
maintaining car commuting and long-duration active commuting were associated with lower levels of psycho-
logical stress, while long-duration motorised commuting trips by car or public transport were predictive of higher
stress levels. Moreover, high-urbanicity areas involved more active commuting trips and short motorised
commuting trips, which were beneficial to long-term psychological wellbeing. In contrast, the commuting-
related stress risks were noticeable in medium urbanicity areas, where the commuting duration by public
transport was extremely high. Based on the socio-institutional context of urban growth in China, we recommend
that urban governments should change the focus from expanding urban development land to improving urban

amenities and urbanites’ wellbeing.

1. Introduction

Following the path of urban growth in the developed world, devel-
oping countries have been experiencing rapid expansions of urban space
and increases in urban populations with multiple growth-led urban
problems. In China, the proportion of urban populations has risen from
35.4% to 60.6% between 2000 and 2020, along with greater job-housing
distance and increasing motorised commuting trips. According to the
commuting monitoring report of 44 cities of China (2022), active
commuting (i.e., walking and cycling to work) is losing its appeal,
considering that the average one-way commuting distance and duration
are up to 8.2 km and 36 min. Current public transport systems, however,
only allow 45% of the Chinese urban population to access job locations
within 45 min, so many commuters have to use private cars to commute.
The over-reliance on cars and the lack of active commuting not only
reduce the efficiency of urban transportation and energy use, but also
pose a threat to public health and wellbeing.

Research on the relationship between commuting mode and health

outcomes has paid much attention to the endpoint of physical health,
such as obesity, chronic diseases and all-cause mortality (e.g., Flint et al.,
2016; Treff et al., 2017; Patterson et al., 2020). However, research ev-
idence on the effects of commuting mode on psychological wellbeing
focuses mostly on the momentary or short-term effects, such as the well-
studied commuting stress (Novaco et al., 1979). There is no consensus
regarding the commuting-wellbeing relationship in the longer term (see
recent literature reviews by Chatterjee et al. 2020 and Tao et al. 2023a).
In recent years, longitudinal studies in several developed countries (e.g.,
the UK and Germany) have explored whether changes in commuting
mode choices induce psychological problems over time. Their results
generally show that a switch to car commuting leads to worse psycho-
logical wellbeing in the long term, compared with maintaining
commuting by public transport and active modes (e.g., Martin et al.,
2014; Lorenz, 2018; Clark et al., 2020). In contrast, little evidence can be
gained from developing countries, including urbanizing China, where
rapid urban growth seems synchronous with urban commuting prob-
lems and urbanites’ psychological disorders (Tao et al., 2023d).
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Moreover, people’s commuting behaviours are varying at different
stages of urban growth, so the analysis of the commuting-wellbeing
relationship will benefit from considering geographic variances in
commuting mode choices over time. Previous research has used urban
population or land use density to measure urban growth and to delineate
time-varying commuting patterns (Adams, 1970; Sultana and Weber,
2014). However, their results are limited in explaining the long-term
psychological outcome of commuting behaviours. One of the reasons
is that urban characteristics related to people’s commuting and well-
being incorporate a broad presence of urban features (e.g., economic
activities, transport infrastructure, and environmental risks) represent-
ing the continuum from less urbanized to more urbanized areas, termed
as ‘urbanicity’ (Vlahov and Galea, 2002; Cyril et al., 2013). Embracing a
time-varying and neighbourhood-level composite urbanicity scale can
not only identify temporal trends in using different commuting modes
within areas of similar levels of urbanicity, but also allow for a com-
parison of commuting mode choices and associated psychological out-
comes among areas with different levels of urbanicity. This will
ultimately result in a better understanding of how urban growth con-
tributes to inequalities in commuting and wellbeing over space and time.

Our study drew upon the China Health and Nutrition Survey (CHNS)
dataset (2006-2015) to investigate the associations of changes in
commuting mode and mode-specific duration with the outcome of long-
term psychological stress. This quasi-longitudinal design contributes to
the international research evidence by understanding changes in
commuting behaviours over time and the relationship with psycholog-
ical wellbeing in urbanising China, and equally importantly, by scruti-
nising the geographic variances in this relationship among different
urbanicity areas. Specifically, we started with describing changes in
commuting mode and mode-specific duration across urbanicity areas in
the studied ten years. Note that the research outcome, long-term psy-
chological stress, was only measured at the last wave of the CHNS in
2015, which limited our ability to use a more stringent longitudinal
design. For this consideration, we employed a before-and-after design to
examine whether changes in commuting mode and duration were
related to long-term psychological stress at follow-up after controlling
for the health and wellbeing status at baseline, and if so, how the re-
lationships varied across urbanicity areas.

2. Literature review: Urban commuting and psychological
wellbeing

As early as the 1970s, the definition of commuting stress was put
forward to describe the affective experience during the travel between
home and workplaces (Novaco et al., 1979). Some earlier studies ascribe
this stressful experience to the physical impedance of a commuting trip,
such as commuting distance and duration (Novaco et al., 1979; Novaco
and Gonzalez, 2009). Based on this, Sposato et al. (2012) propose that
perceived control is the pathway linking physical impedance and
experienced stress. For example, having choices on different means of
transport is associated with greater control on commuting variability
and reduced commuting stress (Novaco and Gonzalez, 2009; Wener and
Evans, 2011). Besides, walking and cycling are perceived as the most
flexible and least stressful means of transport, while commuting by
public transport and car usually involves higher levels of experienced
stress (Legrain et al., 2015; Chatterjee et al., 2020).

Although commuting is considered as a daily episode with higher
levels of negative affect than other activity-travel behaviours (Kahne-
man et al., 2004), it is still ambiguous whether the everyday commute
can exert an observable effect on long-term psychological wellbeing. A
great deal of cross-sectional research has found that certain commuting
modes are associated with people’s psychological outcomes in both di-
rections. For example, car users tend to regard their commuting trips as
unpredictable and effortful, and thus are more likely to develop chronic
stress symptoms than public transport commuters (Rissel et al., 2014;
Tajalli and Hajbabaie, 2017). On the opposite, studies in urban China
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indicate that car commuting is associated with better life satisfaction
and general mental health than long commuting trips by public trans-
port (Zhu et al., 2019; Sun et al., 2021). Regarding the effects of active
travel modes, walking or cycling to work is less connected with psy-
chological wellbeing than with physical health. The significant psy-
chological benefit of active mode use is only observed for commuting
trips with relatively long duration and in large cities with an accessible
natural environment (Legrain et al., 2015; Zijlema et al., 2018; Tao
et al, 2023c). In addition, some studies show negligible
commuting-wellbeing associations irrespective of travel modes (Hans-
son et al., 2011; Dickerson et al., 2014; Higgins et al., 2018). Their
explanation is that commuters can adapt to the daily hassle of their
commuting trips in the long term, and return to a stable level of psy-
chological state.

Given the aforementioned conflicting findings, an increasing number
of transport and health geographers call for the use of longitudinal
research designs to clarify the long-term psychological effects of
everyday commuting trips (Tao et al., 2023a). Compared with cross-
sectional designs, longitudinal designs can not only control for the
time-invariant factors confounding the exposure-outcome temporality,
but also account for the commuting-induced psychological problems
that cumulate over time. To date, however, the evidence drawn from
longitudinal studies is weak and focuses exclusively on cities of devel-
oped countries. For example, Martin et al. (2014) draw upon the British
Household Panel Survey (BHPS) to find that switching from a car to an
active commuting mode, including walking, cycling, or public transport,
greatly improves general psychological wellbeing in contrast with
maintaining car use. After differentiating active mode and public
transport, Jacob et al. (2021) show that switching from a car to an active
mode enhances general psychological wellbeing, while the switch from
an active mode to public transport significantly reduces satisfaction with
health. Roberts et al., (2011) and Feng and Boyle (2014) also use the
BHPS data, but conclude that long-duration commuting trips, especially
those by car, increase the levels of psychological distress only for
women. Drawing upon the German Socio-Economic Panel Survey, Lor-
enz (2018) and Ingenfeld et al. (2019) further discover that long
commuting trips by motorised means of transport (i.e., public transport
and cars) contribute to lower life satisfaction through reduced satisfac-
tion with leisure time. Taken together, reasons for these mixed findings
might include differences in survey protocols and research contexts, the
inclusion of public transport as active or non-active travel mode,
adjusting in different ways for the confounders of other domains of daily
lives (e.g., work, sleep and leisure time), etcetera.

Moreover, a longitudinal research design is crucial in understanding
changes in commuting mode over time after taking into account the
uneven process of urban growth. This is of great concern in urbanizing
China, where rapid urban expansion has induced greater job-housing
distance and increasing motorised commuting trips over the past two
decades (Wang and Chai, 2009; Ta et al., 2017; Tao et al., 2023d). To
delineate the spatiotemporal dynamics in commuting patterns, previous
research has used changes in population or land-use density to observe
the associations with people’s commuting behaviours over time. For
example, Adams’ growth waves posit that commuting transitions are
manifested as increases in commuting duration and car dependency in
newly-built sprawling areas, followed by reduced commuting duration
and increased active commuting trips when populations and economic
activities become more synchronized in time and space (Adams, 1970).
The co-location mechanism also supports that growth in populations and
jobs follows each other with time so commuting costs would decrease
over a longer timescale (Vale, 2013; Tao, 2023). Sultana and Weber
(2014) similarly state that sprawl is part of a continuum of urban
growth, and sooner or later, increased density would provide advantages
for commuting (e.g., accessible job locations within walking distance
and reliable public transport infrastructure).

When extending to the psychological outcomes of commuting be-
haviours, research that relies solely on the density indicator does not
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sufficiently take into account the contextual exposure to multidimen-
sional urban environments relevant to public health and wellbeing,
thereby mis-specifying the commuting-wellbeing relationship. Alterna-
tively, urbanicity, defined as “the presence of urban features or the
extent to which a place exhibits urban characteristics” (Vlahov and
Galea, 2002), is a better proxy for exhibiting the spatiotemporal dy-
namics of multidimensional environmental characteristics. Specifically,
the composite urbanicity scale often includes a variety of local factors,
such as the intensity of economic activity, provision of transportation
infrastructure and accessibility of amenities in residential areas, which
are related to people’s commuting mode choices and psychological
outcomes at the same time (Vlahov and Galea, 2002; van Ham et al.,
2012). Another advantage of the urbanicity scale is its sensitivity to-
wards environmental changes over time (Jones-Smith and Popkin, 2010;
Cyril et al., 2013). Therefore, employing this time-varying scale has the
advantages in comparing the psychological effects of commuting modes
among areas of different levels of urbanicity, as well as in examining
how changes in commuting mode are related to long-term psychological
outcomes within areas with similar urbanicity levels.

3. Data and methods
3.1. Data

The China Health and Nutrition Survey (CHNS) was designed for
monitoring temporal dynamics in people’s health-related behaviours
and health outcomes related to the evolving economic, institutional, and
spatial transformation of Chinese society. The surveys were conducted
every 2-5 years with a total of 10 waves between 1989 and 2015. The
CHNS used a multistage random cluster sampling approach to collect
data on individuals and households in nine provinces and three
province-level municipalities of China (see for more detail Popkin et al.,
2010). Ethical approval for the study was given by the Internal Review
Board of the University of North Carolina at Chapel Hill and the Chinese
Centre for Disease Control.

Our study used the last four waves of the CHNS data (i.e., 2006,
2009, 2011, and 2015 waves), collected in urban, suburban, and town
areas, to explore the relationship between people’s commuting modes
and psychological stress for a decade of urban growth in China. The
eligible samples for our study consist of 7,159 commuters who were
18-65 years old, worked outside the home, and participated in at least
one wave of the surveys between 2006 and 2015. We further excluded
581 respondents who had missing commuting, wellbeing, or covariate
information. This resulted in the 6,578 pooled samples with 11,289
person-year observations that were descriptively analysed in our study.
In the pooled samples, 1,926 respondents who participated in the last
wave in 2015 (termed as the follow-up survey year in this study) and at
least another survey wave in 2006, 2009 or 2011 (termed as the baseline
survey years) constituted the longitudinal samples and were used in the
modelling analysis. Table A1 shows the socioeconomic characteristics of
the eligible samples, pooled samples and longitudinal samples with the
comparison of the socioeconomics of the general working-aged popu-
lation (20-65 years old) drawn from the latest census data in 2010.
Overall, the eligible samples include more well-educated (university or
above) and middle-aged (30-49 years old) urban residents compared
with the census population. Even so, the characteristics of the eligible
samples are similar to those of the pooled samples, while the longitu-
dinal samples were mildly underrepresented for old-aged (50-65 years
old) and low-income (0-1,500 RMB/month) populations.

3.2. Variables

The outcome variable is psychological stress, one of the affective
components of long-term psychological wellbeing. Psychological stress
is measured by the well-established 14-item Perceived Stress Scale
(PSS14; Katsarou et al., 2012). Specifically, respondents were asked 14
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questions regarding the frequency of stress-related problems in the last
month. Each answer was rated on a scale from 0 (never) to 4 (very
often). The total score of all answers represented the respondent’s long-
term psychological stress (range: 0-56). Note that PSS14 was only
measured in the 2015 wave of the surveys, which determined our study
to be quasi-longitudinal in nature.

The primary predictors of interest are changes in commuting modes
and the duration of using different travel modes from baseline to follow-
up. Specifically, commuting modes were coded as active mode (walking
or bicycle), public transport (bus or subway), and car in each wave of the
surveys. Note that respondents could report more than one travel mode
mainly used for their daily commuting trips. This multimodal behaviour
takes place when respondents combine different travel modes in their
commuting trips (e.g., cycling to transit stations and then taking public
transport to work), or they use a certain travel mode (e.g., public
transport) on some days of the week and use another mode (e.g., cars) in
other days. Given the possibility of misclassifying mode switch behav-
iours and the time uncertainty for the mode switch between survey
waves, we focused on maintaining each of the three travel modes (e.g.,
using active mode at baseline and follow-up), with the abandonment of
baseline travel modes as the reference category (e.g., switching from
active mode to other travel modes). Research on maintaining a certain
commuting mode also allows for identifying the long-term impact of
mode use on psychological health problems which often take time to
appear. Additionally, respondents reported the duration of using each
commuting mode on a routine workday. In the modelling analysis, we
included the log-transformed commuting duration at baseline (due to its
right-skewed distribution) and changes in commuting duration from
baseline to follow-up for each travel mode.

The dynamic urban environment along with rapid urban growth in
China was measured by the urbanicity scale developed specifically for
the CHNS (Jones-Smith and Popkin, 2010). The urbanicity scale
employed information on residential neighbourhoods in 12 domains,
such as population, economic activities, social services, transportation
infrastructure, etcetera (see Table A2). In our study, the total score of 12
items represented the urbanicity levels for each surveyed neighbour-
hood (range: 0-120). According to Jones-Smith and Popkin (2010), we
further categorized the continuous urbanicity levels into year-specific
tertiles to analyse geographic variations in commuting behaviours and
psychological wellbeing over time.

According to previous literature (e.g., Roberts et al., 2011; Martin
etal., 2014; Lorenz, 2018; Tao et al., 2023c,d), four subsets of covariates
that might confound the commuting-wellbeing relationship were
included, namely respondents’ socio-economic characteristics,
health-related lifestyles, major changes in life, and general health and
wellbeing statuses. The time-invariant socio-economics were controlled
for at baseline levels, while the time-varying health-related behaviours
and general health and wellbeing statuses were adjusted for both at
baseline levels and by changes between baseline and follow-up. Besides,
the variables of major changes in life are getting married, giving birth to
a child, job changes and income changes from baseline to follow-up
years. Note that housing-related factors were treated as time-invariant
because the CHNS surveys only followed respondents who did not
change their residential addresses between survey waves. The city of
residence and baseline survey years were also included to take into ac-
count the city and time fixed effects. For detailed variable measures and
descriptive statistics, see Appendix Table A3.

3.3. Methods

The descriptive analysis used the pooled samples to examine changes
in commuting behaviours and psychological wellbeing, as well as the
geographic variations in commuting mode and duration for areas of
different urbanicity levels, over time. In the modelling analysis, we drew
from the longitudinal samples to explore the associations of psycho-
logical stress at follow-up with changes in commuting mode and
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duration from baseline to follow-up, after controlling for health and
wellbeing statuses at baseline. Given the cluster sampling procedure,
multilevel linear regression with random intercepts was employed to
control for neighbourhood-level variances in psychological stress. All
analyses were conducted in R 4.0.3.

Specifically, we constructed three series of multilevel models based
on the baseline commuting mode (i.e., active mode, public transport and
car). In each series of multilevel models, model 1 analysed the crude
associations of follow-up psychological stress with changes in
commuting mode and duration after adjusting for baseline covariates,
including socio-economic characteristics, the city of residence and
baseline survey years. Major changes in life and health-related lifestyles
were respectively included in model 2 and model 3 to investigate their
mediating effects on the commuting-stress relationship. In model 4, the
variables of chronic diseases and life satisfaction were added to examine
if the observed commuting-stress relationship was independent from
baseline health and wellbeing statuses and their concurrent changes at
follow-up. The fully adjusted model (model 5) incorporated the tertiles
of urbanicity levels and the interactions terms with changes in
commuting mode and duration to examine urbanicity-specific
commuting-stress relationships. Note that the VIF values between
explanatory variables were all below 4.0, suggesting a low probability of
multicollinearity.

Several sensitivity analyses were performed to test the robustness of
the commuting-stress relationship. First, we transformed the reference
category of changes in commuting mode to focus on different types of
mode transition (e.g., from active mode to public transport or to car).
This transformation contributed to substantiating the stress effect of
specific commuting modes. Second, we examined gender differences in
the commuting-stress relationship by separately running the fully
adjusted models for men and women.

4. Results
4.1. Descriptive results

Table 1 shows the descriptive statistics of the pooled samples,
focusing on the temporal variations in commuting modes, mode-specific
duration and psychological wellbeing. From 2006 to 2015, the propor-
tion of active commuting decreased gradually from 68.0% to 51.2%.
Accordingly, that of car commuting trips and, to a lesser extent, public
transport commuting trips increased, either of them accounting for
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around one-quarter of all commutes in 2015. The mean duration of a
two-way commuting trip also rose from 32.6 min to 49.5 min in a day.
Especially, commuting duration by public transport was as high as
around 60 min/day between 2011 and 2015. Regarding long-term
psychological wellbeing, commuters generally increased the levels of
life satisfaction with time, and the mean score of psychological stress
was 22.3 in 2015. Besides, the neighbourhood-level urbanicity levels
increased steadily during the decade of our study, particularly in low
and medium urbanicity areas.

In addition to the temporal trends, there were clear geographic
patterns in commuting modes and duration for areas of different
urbanicity levels from 2006 to 2015 (Fig. 1). In low urbanicity areas, the
mean duration of a two-way commuting trip stayed constant at around
35 min/day until 2011, and then drastically increased to 50 min/day in
2015, mainly because of the increasing commuting duration by car.
Besides, the proportion of active commuting dramatically decreased
over time, along with more public transport and car use. Medium
urbanicity areas had similar trends of changing proportions of car and
active commuting trips. However, public transport remained a major
part of people’s everyday commute given its increasingly long duration
and share. In high urbanicity areas, the distribution of commute modes
was relatively stable over time. A surprising finding is that commuting
duration by public transport and car decreased to a great extent between
2011 and 2015, contributing to the decline in the mean duration of a
two-way commuting trip from 52.55 to 48.60 min/day.

4.2. Modelling results

Drawing from the longitudinal samples, the multilevel linear
regression model results for the commuting-stress relationship are
shown in Tables 2-3. Specifically, Table 2 reports the associations of
changes in commuting mode and duration with psychological stress at
follow-up, stratified by baseline commuting mode. Table 3 further pre-
sents the geographical variances in the commuting-stress relationship
across urbanicity areas. In the series of models for each baseline
commuting mode, the neighbourhood-level variances accounted for
around one-third of random variances in psychological stress, indicative
of a valid multilevel structure (see the results of the fully-adjusted model
5 in Appendix Table A4).

For baseline active commuters, those who maintained or abandoned
the active mode showed an insignificant difference in long-term psy-
chological stress at follow-up (see Table 1, Model 1). However, active

Table 1
Characteristics of pooled samples (N = 6,578) and surveyed communities (N = 169) over time.?
2006 2009 2011 2015 Difference®

Person-year observations Number 2304 2400 3524 3061 —
Commuting mode
Active mode Proportion 1566 (68.0) 1541 (64.2) 2056 (58.3) 1567 (51.2) i

Duration 30.7 (44.6) 31.3 (40.1) 35.1 (46.5) 41.6 (66.9) o
Public transport Proportion 335 (14.5) 366 (15.3) 717 (20.3) 673 (22.0) xx

Duration 53.7 (47.9) 57.0 (54.8) 63.9 (53.3) 56.9 (56.7)
Car Proportion 403 (17.5) 493 (20.5) 751 (21.4) 821 (26.8)

Duration 27.6 (38.6) 33.6 (43.0) 45.5 (59.9) 45.7 (61.8)
Commuting time® 32.6 (45.8) 35.3(45.3) 44.2 (55.0) 49.5 (66.0) i
Life satisfaction 3.6 (1.0) 3.6 (0.9) 3.7 (0.8) 3.8(0.8) *
(Very) good 1224 (53.1) 1248 (52.0) 1938 (55.0) 1935 (63.2)
Moderate or (very) bad 1080 (46.9) 1152 (48.0) 1586 (45.0) 1126 (36.8) i
Psychological stress —d — — 22.3(6.2) —
Residential neighbourhoods Number 110 110 161 159 —
Urbanicity 79.5 (14.9) 81.9 (13.7) 83.8 (13.4) 84.3 (12.5) *
Low Range (38.4,76.6) (37.9,81.9) (38.4,82.9) (41.1,82.6) —
Medium Range (76.6,86.8) (81.9,90.3) (82.9,90.6) (82.6,90.9) —
High Range (86.8,101.6) (90.3,106.5) (90.6,100.9) (90.9,104.4) —

a. Data are shown in N (%) or mean (SD).

b. The differences in mean values and proportions are examined by t-tests and chi-squared tests, respectively. Results are shown as * p < 0.05, ** p < 0.01.
c. Commuting time is the duration of a two-way commuting trip between home and workplace in a day.

d. — represents not appliable.
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Fig. 1. Commuting mode and duration over time for low, medium and high urbanicity areas.

Table 2
Multilevel linear regression models for the independent effects of changes in
commuting mode on follow-up psychological stress (N = 1926).

Table 3
Multilevel linear regression models for the interaction effects of urbanicity and
changes in commuting mode on follow-up psychological stress (N = 1926).

Model 1 Model 2°  Model 3°  Model 4
p (SE)® p (SE) p (SE) p (SE)
Baseline active mode (N
=1053)
Changes in active
commuting
Switching to another Reference Reference Reference Reference
mode (N = 336)
Maintaining active 0.32 (0.46) 0.36 (0.46) 0.32(0.45) 0.32 (0.45)
mode (N = 717)
Active commuting -0.36% —0.34* -0.35% —0.41""
duration at baseline (0.16) 0.17) (0.16) (0.15)
Changes in active —0.00 —0.00 —0.01 —0.01
commuting duration (0.01) (0.01) (0.01) (0.01)
Baseline public transport
(N = 470)
Changes in public
transport commuting
Switching to another Reference Reference Reference Reference
mode (N = 209)
Maintaining public —0.67 -0.76 —0.78 —-0.80
transport (N = 261) (0.56) (0.57) (0.58) (0.58)
Commuting duration by ~ 0.19 (0.23)  0.32(0.43)  0.24(0.34)  0.30 (0.43)
public transport at
baseline
Changes in commuting —0.00 —0.00 —0.00 —0.00
duration by public (0.01) (0.01) (0.01) (0.01)
transport
Baseline car (N = 561)
Changes in car
commuting
Switching to another Reference Reference Reference Reference
mode (N = 202)
Maintaining car (N = -1.50"" —-1.26% —1.22% -1.01
359) (0.59) (0.59) (0.58) (0.59)
Commuting duration by ~ 1.01* 1.05" 0.93(0.46)  0.95*
car at baseline (0.39) (0.39) (0.44)
Changes in commuting 0.02* 0.02* 0.02* 0.02*
duration by car (0.01) (0.01) (0.01) (0.01)

a. Adjusted for baseline covariates, including demographics, housing, baseline
income, the city of residence and baseline survey years.

b. As model 1, plus major changes in life.

c. As model 2, plus health-related lifestyles.

d. As mode 3, plus life satisfaction and physical diseases.

e. Results are shown in the unstandardised coefficients () and standard errors
(SE). * p < 0.05, ** p < 0.01.

commuting with a longer duration was associated with lower levels of
psychological stress (Model 1). After adjusting for general health and
wellbeing statuses at baseline and their concurrent changes till follow-
up, the effect size of active commuting duration was even larger and

Model 5°
Baseline commuting mode Active mode  Public Car
(N =1053) transport (N =561)
(N = 470)
B (SE) B (SE) B (SE)
Changes in commuting mode
Switching to another mode Reference Reference Reference
Maintaining baseline mode 0.53 (0.64) —0.23 (0.48) —0.51*
(0.28)
Commuting duration at baseline —0.14 0.20 (0.38) 0.31 (0.37)
(0.11)
Changes in commuting duration -0.01 —0.03 (0.02) 0.01 (0.01)
(0.01)
Urbanicity at baseline
Low urbanicity Reference Reference Reference
Medium urbanicity 2.17%(0.89)  1.56 (0.94) 1.05 (0.67)
High urbanicity —1.03* —1.18* -1.14
(0.52) (0.56) (0.74)
Urbanicity * Commuting mode
Low urbanicity * Maintaining Reference Reference Reference
baseline mode
Medium urbanicity * Maintaining —0.39 0.87 (0.64) —0.49
baseline mode (0.48) (0.38)
High urbanicity * Maintaining —-0.28 —0.67 (0.45) —-0.78*
baseline mode (0.37) (0.42)
Urbanicity* Commuting duration
at baseline
Low urbanicity * Baseline Reference Reference Reference
commuting duration
Medium urbanicity * Baseline —0.36% 136" (0.50)  1.42"
commuting duration (0.17) (0.37)
High urbanicity * Baseline —0.57" —0.81(0.93)  0.12(0.29)
commuting duration (0.20)
Urbanicity* Changes in
commuting duration
Low urbanicity * Commuting Reference Reference Reference
duration change
Medium urbanicity * Commuting —0.01 0.06* (0.02) 0.03* (0.01)
duration change (0.01)
High urbanicity * Commuting —0.02* 0.01 (0.03) 0.01 (0.02)
duration change (0.01)

a. Covariates as model 4.
b. Results are shown in the unstandardised coefficients (p) and standard errors
(SE). * p < 0.05, ** p < 0.01.

baseline life satisfaction was predictive of follow-up psychological stress
(Model 4), indicating that the commuting-stress relationship to some
extent depended on the initial level of psychological wellbeing.
Compared with active commuting in low urbanicity areas, a longer
active commuting duration in medium, and especially, high urbanicity
areas was indicative of marginally lower levels of psychological stress
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(see Table 3).

For baseline public transport commuters, neither maintaining public
transport nor commuting duration by public transport was associated
with follow-up psychological stress (Model 4). It is intriguing that public
transport commuters had significantly higher levels of psychological
stress in medium urbanicity areas (Model 5), where the absolute
commuting duration by public transport was the highest among
urbanicity areas (Fig. 1). In medium urbanicity areas, specifically, a
longer duration of public transport commuting at baseline was related to
higher levels of psychological stress at follow-up. Moreover, a prolonged
commuting duration by public transport from baseline to follow-up was
marginally linked to higher follow-up stress levels.

For baseline car commuters, maintaining car commuting had a sig-
nificant effect on lowering follow-up psychological stress (Model 1), and
this effect to some extent attenuated but stayed significant after
adjusting for major changes in life (Model 2). However, car commuters
who had a longer commuting duration at baseline and increased their
commuting duration from baseline to follow-up were related to higher
levels of psychological stress at follow-up (Model 1). Note that the stress
effect of baseline commuting duration was only marginally significant at
p < 0.10 after controlling for health-related lifestyles (Model 3), sug-
gesting the trade-offs between time spent on car commuting and other
health-related behaviours. Similar to findings for public transport
commuters, longer baseline commuting duration and prolonged
commuting duration by car led to even higher stress levels in medium
urbanicity areas (Model 5). In high urbanicity areas, maintaining car
commuting was marginally predictive of lower levels of psychological
stress at follow-up.

Results for the relationships between covariates and psychological
stress are shown in Table A4. Regarding the results for baseline socio-
economic characteristics, urban residents, people older than 50 years,
high-income people (>3000 RMB/month) and housing owners had
lower stress levels than rural-to-urban migrants, young people (18-30
years old), low-income people (<1500 RMB/month) and housing
renters, respectively. The gender difference in psychological stress was
only significant for baseline car commuters, with female car users
showing higher levels of psychological stress. Besides these baseline
socio-economics, life transitions between baseline and follow-up years
were also significant indicators of psychological stress at follow-up.
Specifically, giving birth to a child and the increase in income were
predictive of lower stress levels. These major changes in family and
personal lives might confound the effects of maintaining car use on
alleviating psychological stress (as shown in model 2). Regarding the
results for health-related lifestyles, (changes in) sleep time did not show
a systematic relationship with follow-up psychological stress, while
frequent exercisers had lower levels of psychological stress and the
transition from less frequent to more frequent exercises marginally
decreased the stress levels. Regarding the effects of life satisfaction and
physical diseases, not only the baseline status but also changes in value
from baseline to follow-up were strongly and significantly associated
with follow-up psychological stress. This entails our quasi-longitudinal
study to control for (changes in) general health and wellbeing sta-
tuses. Finally, there were no systematic associations of psychological
stress with baseline survey years and city-level factors after taking into
account the two-level data structure (e.g., individual respondents nested
in the residential neighbourhoods).

4.3. Sensitivity analysis results

The results of several sensitivity analyses are shown in Tables A5 and
A6. First, we corroborated the psychological benefit of car commuting,
because commuters who switched from active mode or public transport
to car reported lower stress levels at follow-up, compared with those
who maintained the active mode or public transport (Table A5). This is
particularly the case for baseline public transport commuters in medium
urbanicity areas. In high urbanicity areas, however, switching from car
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to active commuting was marginally associated with lower levels of
psychological stress. Second, men and women showed little difference in
the commuting-stress relationship, except that women were psycho-
logically more stressed with longer commuting duration by motorised
means of transport while men were less stressed with longer active
commuting duration (Table A6).

5. Discussion and conclusions
5.1. Interpretation of main findings

Our study investigated changes in commuting patterns for a decade
of urbanising China, and further, analysed how these changes in
commuting mode and mode-specific duration were associated with long-
term psychological stress among different urbanicity areas. The main
findings are that rapid urban growth in China had contributed to
increasingly motorised commuting patterns, especially greater car use
for commuting, along with longer commuting duration from 2006 to
2015. In contrast, cycling or walking to work had been losing its appeal
in the ten-year study period, even though it still constituted around half
of the commuters’ mode choice in 2015. Regarding the impact of
commuting modes on psychological stress, the car was the means of
transport that imposed the least stress burden. Even so, longer-duration
commuting trips by motorised travel mode (i.e., car and public trans-
port) were predictive of higher levels of psychological stress, while
active commuting for a longer duration was associated with lower stress
levels. Crucially, there were great geographic variations in commuting
mode choices and resultant psychological outcomes among different
urbanicity areas. Compared with low urbanicity areas, high urbanicity
areas involved more active commuting trips and shorter motorised
commuting trips that contributed to lower levels of psychological stress.
By contrast, more prominent stress problems related to everyday
commuting trips occurred in medium urbanicity areas, where the
commuting duration by public transport was extremely high.

The psychological benefits of car commuting were observed in two
ways. First, people who maintained car commuting showed lower levels
of follow-up psychological stress than those who switched to other travel
modes. Second, switching from public transport or active modes to cars
was associated with lower stress levels compared with maintaining
public transport or active modes. This finding is consistent with recent
cross-sectional evidence in urban China (Zhu et al., 2019; Sun et al.,
2021), but is discordant with some longitudinal evidence in cities of
developed countries (Roberts et al., 2011; Martin et al., 2014). Their
longitudinal findings indicate that compared with the car, public
transport as the primary commuting mode was associated with better
psychological wellbeing because of the physical activity and social
contact involved. In this study, we used detailed records on commuting
modes to exclude the active parts (e.g., cycling to transit stations) of a
commuting trip undertaken mainly by public transport and corrobo-
rated the psychological benefits of car use as the cross-sectional findings
in China. The impact of switching from active modes to cars on allevi-
ating psychological stress could relate to the fact that rapid urban
growth in China has led to an increasing job-housing mismatch. Under
this circumstance, previous active commuters would be psychologically
more relieved if they could switch to car use to cover longer commuting
journeys. Besides, major changes in life, such as giving birth to a child
and gaining more disposable income, could increase the demand for car
use and mitigate psychological problems at the same time (Tao, 2023).
Our model results also support that after taking into account these life
transitions, the effect of maintaining car commuting on lowering stress
levels was attenuated to some extent. For these considerations, possible
pathways accounting for the psychological benefits of car commuting,
such as contextual (e.g., job-housing mismatch and less exposure to
environmental hazards) and socio-psychological factors (e.g., great
controls over daily life and a visible sign of affluence) still warrant
further examination in urban China.
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Despite the psychological benefits of maintaining car commuting, we
found that longer commuting duration by car was predictive of higher
levels of psychological stress. Aside from the attention fatigue and
congestion experiences of long-duration car commuting trips, it is likely
that long commuting duration restricts the disposable time for health-
related activities, such as leisure and sleep. Consistent with the find-
ings from American and European cities (Kiinn-Nelen, 2016; Morris and
Zhou, 2018), our study preliminarily demonstrated this stress-mediated
process by which the stress effect of long-duration car commuting trips
turned insignificant after taking into account health-related behaviours,
and a lower stress level was associated with more frequent recreational
exercises (but not with sleep time). Simply put, spending much time on
car commuting discouraged frequent participation in recreational ex-
ercises and increased the likelihood of giving up exercises, thereby
contributing to psychological stress issues in the long term.

The relationship between active commuting and psychological stress
to a great extent rested with the commuting duration and presented
geographic variations across urbanicity areas. Notably, long active
commuting trips at baseline were associated with lower stress levels at
follow-up. The reason is explained by another study that walking or
cycling to work for a longer time involves higher intensity of physical
activity with positive moods and is more likely to meet the required dose
of generating long-term psychological benefits (Martin et al., 2014). A
recent natural experiment during the COVID-19 pandemic also indicates
pre-pandemic active commuters miss their commuting experiences
when they are mandated to working from home, thereby showing more
affective symptoms (e.g., feeling upset, depressed and nervous; Tao
et al., 2023c). In addition, high urbanicity areas facilitated a relaxing
active commuting experience, considering that people in these areas had
marginally lower levels of psychological stress as the active commuting
duration was prolonged or the transition from car to active mode
occurred. The reason lies in that high urbanicity areas are often featured
as better job-housing balance, diversified urban spaces and improved
transportation infrastructure, which give active commuters a feeling of
comfort and safety from traffic and help them recover from the stress of
daily hassles (Martin et al., 2014; Legrain et al., 2015).

On the contrary, chronic stress problems were remarkable for long-
duration public transport commuters in medium urbanicity areas.
Here, rapid urban growth gives rise to great job-housing mismatch and
crowded traffic environment. At the same time, the construction of
efficient public transportation systems often lags behind the urban land
expansion. As shown in Fig. 1, public transport commuters in medium
urbanicity areas had to endure more than 1 h for daily commuting trips.
This not only causes great opportunity costs for participating in health-
related activities, but also implies the inflexibility of and loss of control
for commuting trips due to unpredictable delays and multiple transfers
(Hansson et al., 2011; Chatterjee et al., 2020), jointly contributing to
long-term psychological stress. In this case, public transport commuters
are likely to switch to car use for commuting and thus relieve from
commuting-induced psychological stress. Generally, our finding adds to
the claim that growth-induced commuting and stress problems have
transferred from highly urbanized areas to less urbanized areas with
medium urbanicity levels, and might further extend to low urbanicity
areas where rapid urban growth is about to take place.

5.2. Implications for urban growth in China

Urban growth does not necessarily result in an increasing number of
motorised commuting trips with long duration and the loss of
commuting-related psychological wellbeing. Using the neighbourhood-
level urbanicity scale, our study extended Adams’ growth waves and
the commuting transition hypothesis to examine a finer-grained
geographic pattern of commuting behaviours over time. We found that
the later stage of urban growth with high urbanicity levels made for the
reduced motorised commuting duration and increased active
commuting trips, which contributes to lowering psychological stress in
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the long term. Therefore, urban growth is not only a spatial phenomenon
involving the complexity of multidimensional environmental charac-
teristics, but also a temporal process exhibiting dynamics in the urban
environment and urbanites’ commuting behaviours. In its initial stage,
urban growth characterised as the low-density sprawling pattern may
cause the explosion of long motorised commuting trips even though it
has advantages in providing affordable housing and decentralizing
employment opportunities. In the long term, the aggregation of eco-
nomic activities, residential amenities and transportation infrastructure
in initially sprawling areas will support a compact, self-contained and
high-urbanicity environment to reduce commuting time, encourage
active commuting, and thus benefit psychological wellbeing (Sultana
and Weber, 2014; Yin et al., 2023).

In the context of urbanizing China, however, rapid urban growth
might not spontaneously create high urbanicity areas conducive to
people’s commuting experiences and psychological wellbeing. This re-
lates to the urban growth path of Chinese cities that pays much attention
to urban land expansion rather than urbanites’ daily lives and wellbeing.
Wu (2015) ascribed this unique path to the Chinese land-driven growth
machine. Since the introduction of the land market and economic
decentralization in the 1980s, local governments in Chinese cities have
taken the responsibility to drive economic growth and finance public
services from the state (Wang and Chai, 2009; Fan et al., 2014). To
secure fiscal revenue and stimulate the local economy, urban govern-
ments progressively expand the urban development land by encroaching
adjacent rural areas. Then, the newly-developed land was leased to
commercial and residential markets to earn the differential rural-urban
land rent. One remarkable downside of land-driven urban growth is the
widespread sprawling pattern in Chinese cities, where the low-density
residential populations at the city fringes have difficulties in accessing
satisfactory job opportunities and public transportation infrastructure
(Wang and Wang, 2016; Ta et al., 2017). As a result, an increasing
number of commuters turn to motorised means of transport, especially
private cars, to commute long to work. Notably, this trend is expected to
be intensified in urbanizing China, given the absolutely low share of car
commuters and the psychological benefits of maintaining or switching
to car commuting as shown in our study.

6. Limitations

Our study has several limitations and suggestions for future studies.
First, the CHNS only investigated the perceived stress scale in 2015,
which limited our ability to control for all time-invariant idiosyncratic
effects by using fixed-effect models. Alternatively, we followed a before-
and-after approach to analyse the relationship between maintaining
certain commuting modes from baseline to follow-up and long-term
psychological stress at follow-up. We also carefully separated the time-
varying and time-invariant covariates, as well as adjusting for baseline
and changes in general health and wellbeing statuses. Even so, we are
still cautious to conclude the causal commuting-stress relationship.
Second, our research samples were restricted to those who worked out of
home. It would be interesting to examine the psychological effect of
working from home and commuting outside the rush hours, especially in
the era of post-Covid urban societies (Tao et al., 2023c). Besides, the
under-representation of low-income and old-aged commuters in the
longitudinal samples might underestimate the long-term stress effect
resulting from longer commuting duration or/and less car use in these
groups. Third, our study did not investigate the event of residential
relocation as another major change in life because the on-site CHNS
survey lost to follow those households who relocated their houses be-
tween survey waves. Residential relocation is an interesting event for
longitudinal research because it could involve a self-selection process
where people regard relocation as a way to temper their stressful
commuting journeys (Tao, 2023; Tao et al., 2023b). Fourth, our study
did not expound on the pathways linking commuting mode and psy-
chological stress. We recommend future studies to examine more
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detailed contextual and socio-psychological mediators in explaining the
commuting-stress relationship.

7. Concluding remarks

Given the worrying trend of longer commuting journeys and greater
car use in urbanising China, our study represents one of the first quasi-
longitudinal analyses on the relationship between commuting modes
and psychological wellbeing. We found evidence for the psychological
benefits of commuting by car and long-duration active commuting, as
well as the stress burden of long-duration motorised commuting trips by
car or public transport. We further identified that commuting-related
stress risks were prominent the most in rapidly urbanizing areas with
medium urbanicity levels. High-urbanicity areas, however, were sup-
portive of commuting by active mode and motorised commuting trips
with short duration, thereby benefiting people’s long-term psychologi-
cal wellbeing. In order to cope with the growth-induced commuting and
wellbeing issues in urban China, we urge researchers and policymakers
to refocus the urban growth path from urban space expansion to
urbanicity and urban lives.
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