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Introduction: Long-duration commuting is widely recognized for its significant influence on health. However, while research has traditionally focused on direct impacts, there remains a critical need to explore the nonlinear dynamics of this relationship. This study aims to deepen our understanding of how behavioral preferences and built environments contribute to these complex interactions.

Methods: This study was conducted in Jinan, China’s most congested city, using data from the “Jinan Residents Commuting Survey” of 1,755 participants aged 19 to 59. We applied Generalized Propensity Score Matching (GPSM) to explore the nonlinear effects of commuting time on self-rated health, adjusting for participants’ sociodemographic characteristics. Variables related to active commuting, physical activity, and perceived built environment were also examined for their potential moderating effects.

Results: Commuting for less than 21 minutes enhances health, but negative effects intensify and peak at 60 minutes. Heterogeneity analysis reveals that women and older adults, especially those with higher incomes, are more susceptible to long commutes, experiencing a delayed onset of adverse effects. While active commuting offers health benefits, it may exacerbate health issues if prolonged. Conversely, regular physical activity consistently improves health outcomes related to commuting. Additionally, factors like residential greenery and walkability help alleviate commuting-related stress, improving the overall commuting-health dynamic.

Discussion: This study clarifies the commuting-health relationship by identifying key time thresholds and the positive effects of active commuting and physical activity on mitigating longer commute impacts. The findings inform healthier commuting behaviors and offer practical guidelines for urban planning and policy-making to enhance commuter well-being.

Keywords
 commuting time; self-rated health; group heterogeneity; active commuting; physical activity; perceived built environment


1 Introduction

In the context of rapid urbanization, long-duration commuting has become a daily reality for many urban residents (1). While commuting is necessary to connect residential settings with workplaces, studies indicate that prolonged commuting can impact individual health adversely (2). As commuting time extends, residents may face increased psychological stress (3), physical fatigue and health risks associated with sedentary behaviors (4), collectively affecting cardiovascular health (1), mental well-being (5), and overall quality of life (6). Consequently, numerous urban transportation and residential policies are being developed around the commuting-health nexus, including the optimization of public transit systems (7), promotion of green transportation options (8), and the advancement of health-oriented urban design (8).

These impacts demonstrate significant heterogeneity across different population groups (8). For instance, lower-income individuals, the older adult, and women may be more susceptible to the adverse effects of long-duration commuting (9). Moreover, individual behavioral preferences, such as active commuting modes (e.g., walking and cycling) (10) and regular physical exercise (10), are recognized as potential mitigating factors against some of the negative health effects associated with commuting. Additionally, factors related to the built environment, including greenery (11), walkability (12), and traffic safety (13) are acknowledged as crucial determinants. These elements not only encourage healthier commuting practices but also directly enhance the quality of life and physical health of residents.

However, current research on the impact of commuting on health often exhibits three significant gaps. Firstly, numerous studies have confirmed the nonlinear effects of commuting distance or duration on health (14, 15), but these studies typically do not establish causality. Consequently, they may be subject to issues of endogeneity and limitations inherent to their statistical methodologies, which impede accurate estimation of causal effects. Secondly, the impact on different demographic groups may vary, including potential differences in inflection points and trends in the effects, which may differ significantly among populations, complicating the formulation of differentiated transportation and residential policies. Thirdly, while the health benefits of healthier behavioral preferences and built environments are known (16, 17), further research is needed to determine how these factors moderate the commuting-health relationship. This is essential for creating specific interventions to foster healthier commuting practices and reduce health risks.

To address these gaps, this study selects Jinan, a typical city characterized by long-distance commuting, to investigate the causal relationships between commuting and health using the Generalized Propensity Score Matching (GPSM) method. Specifically, this research aims to resolve three key research questions: Firstly, it explores the existence and dynamics of a causal relationship between long-duration commuting and health. Secondly, it investigates how commuting impacts health across various demographic groups, including different incomes, ages, and genders. Thirdly, the study examines the moderating roles of residents’ behavioral preferences and built environments in the commuting-health nexus. Through this analysis, we aim to provide insights that will aid urban planners and policymakers in designing healthier and more sustainable urban transportation systems.



2 Literature review


2.1 Non-linear commuting-health nexus: the rising debate in time thresholds

Extensive studies consistently link long-duration commuting with adverse health effects, particularly emphasizing the differential health impacts associated with commuting time thresholds. On one hand, prolonged commuting is directly correlated with psychological health issues. For instance (1), indicates that individuals experience a significant increase in psychological stress when commuting times exceeds 45 min, identifying this duration as a critical threshold for psychological health deterioration. Similarly (18), found that motorists who commute longer than 60 min had a higher risk of mental distress. On the other hand, long-duration commuting is also directly linked to physical health problems such as cardiovascular diseases and obesity (19). Found that commuting for more than 60 min leads to decreased life satisfaction, while commuting for over 90 min significantly increases the risk of obesity. Moreover, commuters who are exposed to pollutants during their travels are at increased risks of chronic respiratory diseases and cardiovascular conditions, especially those who commute for extended periods (20). Conversely, shorter commuting times have been shown to positively impact self-rated health. On the other hand (62) demonstrated that even slight increases in weekly commuting distances, such as a few additional kilometers, could significantly improve self-rated health.

Overall, these findings highlight the public health significance of commuting time thresholds. Commuting durations exceeding 45 min begin to negatively impact psychological health, while durations over 90 min have substantial adverse effects on physical health. However, it is important to note that both of these time points might be relatively long for cities of average size, where the longest average commuting time is usually around 40 min, and times exceeding 60 min may be defined as extreme commuting (21). Generally, the “happiness commute “time is considered to be around 20 min, which is likely to have a positive impact on health (63). While these studies reveal correlations between commuting time and health and identify specific thresholds, they fail to demonstrate the variability in impact as commuting durations continue to change. Moreover, the conclusions of these studies largely rely on correlational data rather than causation. Future research should employ more precise methodologies to probe the continuous variations and better understand how specific commuting times influence health. As a result, merely examining the correlation between commuting time and health does not capture the continuous variation in health relative to commuting duration or the variability in this relationship’s slope. Furthermore, definitions of poor health vary widely, encompassing conditions from stress and unhappiness to severe physical illnesses like cardiovascular diseases. In conclusion, to truly grasp the complexities of how commuting affects health, it is essential to go beyond correlations and explore the detailed changes that occur over varying commute lengths.



2.2 Population heterogeneity: inequality issues in commuting stress

The impact of long-duration commuting on health exhibits significant variability across different demographic characteristics, particularly age (22), gender (3), and income levels (23), resulting in notable disparities in health outcomes. For example, young individuals may better adapt to the stress associated with long commutes (24), but for middle-aged and older adults, prolonged commuting can exacerbate cardiovascular diseases and other health issues.

Gender differences also play a crucial role in the health impacts of commuting. Female commuters are more vulnerable to the negative effects of long commutes, such as increased psychological stress and overall health decline (5). This could be attributed in part to distinct social and familial roles, as women often bear greater domestic responsibilities, with long commutes intensifying their stress burden (25). Conversely, some studies highlight the health risks faced by men in long commutes, such as a heightened risk of cardiovascular diseases, which relate to higher work stress and lifestyle factors during commuting, like unhealthy eating habits and lower levels of physical activity.

Regarding income levels, individuals with lower incomes often have limited options for choosing healthier and more comfortable commuting methods (26). Prolonged commuting may restrict access to healthy food and engagement in physical activities for this demographic, thereby increasing the risk of health issues (27). Studies have shown that when commuting time exceeds 45 min, the psychological stress and physical health problems of low-income residents significantly increase. These findings suggest that policymakers need to consider the combined influences of gender, age, income, and commuting duration, and how these factors interact across different populations to effectively mitigate the negative health impacts of long-duration commuting.



2.3 Moderating roles of behavioral preferences: commuting modes and physical activity

Extensive research has demonstrated that active commuting and regular physical activity positively impact health (28), enhancing cardiovascular health (29), reducing stress levels, and improving overall quality of life (30). Studies consistently show that individuals who walk or cycle to work have a lower risk of cardiovascular diseases, obesity, and diabetes compared to those who commute by car or public transportation (31). For instance, a meta-analysis found that active commuters had an 11% reduction in cardiovascular risk (32). The physical activity involved in active commuting helps achieve daily exercise goals, promotes cardiovascular health, strengthens muscles, and boosts metabolic functions (33). Moreover, regular physical activity, whether incorporated into daily routines like commuting or as part of structured exercise programs, significantly reduces the risk of chronic diseases. The World Health Organization recommends at least 150 min of moderate-intensity aerobic activity weekly for health benefits and disease prevention (4).

The synergistic effect between active commuting and regular physical activity also extends to mental health (34). Regular participation in physical activity is known to reduce symptoms of depression and anxiety, improve mood, and enhance self-esteem. Active commuting contributes to these benefits by providing regular, unplanned physical activities that can reduce stress and increase overall life satisfaction (35). Guell et al.’s (36) research emphasized that the routine nature of active commuting can help establish a daily routine that fosters a positive psychological state.

However, the moderating role of these activities in mitigating the negative health impacts of long-duration commuting has not yet been clearly established. Some views suggest that while active commuting and physical activities are beneficial for health, their benefits may be diminished under extreme commuting conditions, such as very long commuting distances. This perspective requires further empirical research, particularly through long-term tracking and large-scale studies, to explore the true impact of active commuting and physical activity across different commuting distances.



2.4 Moderating roles of built environments: from the perspective of individual perception

Numerous studies have demonstrated that various characteristics of the built environment, such as greenery (11), accessibility (12), and pedestrian friendliness (13), significantly influence individuals’ commuting choices and their associated health outcomes. The impact of the built environment on the commuting-health relationship primarily manifests through its potential to guide individual behaviors (37). For instance, a well-designed pedestrian environment and bicycle facilities can encourage residents to choose walking or cycling over driving, which not only reduces reliance on automobiles but also increases daily physical activity (38), thereby improving cardiovascular health and reducing obesity risks (39). One important factor is green space, such as parks and green streets, are pivotal for health, providing essential contact with nature that alleviates psychological stress, enhances mood, and promotes physical health. Residents in high-greenery areas report lower stress and better psychological well-being and are more likely to engage in outdoor activities such as walking and cycling, boosting physical activity (40). Another critical factor is transit accessibility, which can lessen commuting stress and reduce mental health issues associated with long-duration commuting (2). Improved public transit access specifically eases the negative mental health impacts of prolonged travel times.

Despite the insights provided by existing research, there are still notable gaps. Firstly, most studies do not differentiate between the built environment features of workplace and residential settings, though each can differently influence commuting behavior and health outcomes. For example, the green environment at a residential location may more directly affect residents’ leisure activities and stress levels (41), while the transportation design at the workplace might crucially determine the choice of commuting mode. Moreover, current research often overlooks the discrepancies between residents’ perceptions of their environment and the actual environmental features. Discrepancies between perceived and actual greenery (42), the density of pedestrian pathways versus the walking experience (43), and the perceived versus actual transit accessibility (44), road density, and station proximity can all impact the accuracy of research findings and the effectiveness of related policies. For instance, even if the greenery rate is high, if residents do not perceive it, the positive psychological and behavioral effects may not materialize (45). Given these research gaps, future studies need to more carefully distinguish between the built environment characteristics of workplace and residential settings and consider how these independently and jointly affect commuting behavior and health outcomes. Study should also focus more on residents’ subjective perceptions of the built environment, exploring how these perceptions align with objective environmental parameters and their comprehensive impact on health.

Accordingly, Theoretical framework and hypothesis are proposed as follows (Figure 1).

[image: Figure 1]

FIGURE 1
 Theoretical framework and research hypothesis.



H1: Long-duration commuting adversely affects residents’ health. When residents exceed a certain commuting duration threshold, their health conditions may deteriorate.

H2: The impact of long-duration commuting on health varies across different ages, genders, and income levels. Residents from middle and lower socio-economic backgrounds, older residents, or females may be more vulnerable to the negative health effects of long-duration commuting.

H3: The impact of long-duration commuting on residents’ health is partially moderated by their mode of commuting and physical activity levels. Active commuting and regular physical activity engagement may mitigate the adverse health effects associated with long-duration commuting.

H4: The impact of long-duration commuting on residents’ health is partially moderated by the built environment of their residential and workplace areas. Features such as enhanced greenery, walkability, safety, and traffic environment can mitigate the adverse health effects of long-duration commuting.
 




3 Data and methods


3.1 Data and variables

In the empirical analysis, we focus on the urban area of Jinan, a city known for its congestion and long-duration commutes. According to the “2022 Annual Report on Commuting in Major Chinese Cities,” only 54% of Jinan’s commuters experience “happiness commute” within a 5-kilometer radius, while more than 10% endure commutes exceeding 60 min. The “Jinan Residents Commuting Survey,” conducted in December 2023, gathered data from 1,755 participants, aged 19 to 59, using mobile devices. This survey captured detailed information on socio-economic characteristics, job-housing locations, commuting behaviors, physical activities, and self-rated health.

The variables descriptions and definitions are shown in Table 1. The dependent variable, Self-rated Health, is assessed based on prior research (46). This study measures Self-rated Health using a Likert scale, with responses ranging from “very bad” (1) to “very good” (5). To ensure clarity and consistency, participants were queried about the frequency of experiencing mental health issues such as anxiety or physical health problems like chronic pain over the past year. Responses were scored on a scale from “never” (1) to “always” (5). The primary independent variable in this study is commuting time, which varies from 10 to 90 min.



TABLE 1 Summary statistics.
[image: Table1]

This study controlled for a number of variables, including gender, generation, marital status, education level, household registration, occupation type and income, to comprehend the sociodemographic characteristics of participants. Previous research has consistently shown that individuals with agricultural household registration, low income, and lower educational levels are more likely to experience long-duration commuting.

Two sets of variables define the behavioral preferences of participants in this study: active commuting and physical activity. The former variable was grouped into Passive commuting (car), Public transport (bus and metro), E-bike and Active commuting (Walking and Bike). To reflect their level of physical activity, these categories were assigned scores from 1 to 4, with higher scores indicating more active commuting (47). The scoring system aims to represent the relative activity levels rather than precise multiplier relationships. For instance, walking and cycling generally involve more physical activity than driving or using public transit. The estimates are based on average activity durations: walking/cycling (150 min/week), e-bike (100 min/week), public transit (50–100 min/week), and car (25–50 min/week), according to the latest WHO physical activity standards, which suggest increasing activity levels per week to achieve significant health benefits. For this study, exercise is defined as a subset of physical activity that is planned, structured, and repetitive, aimed at improving or maintaining. Participants were asked, “How often do you engage in exercise, such as recreational leisure fitness, per week?” and “How long do you spend on each fitness?” Physical activity intensity is the product of activity frequency and the duration of a single activity.

The regression analysis incorporated eight perceived built environment variables to control for external environmental conditions, specifically examining greenery, walkability, safety, and accessibility in both residential and workplace settings. Participants rated their satisfaction with these elements on a scale from 1 (very dissatisfied) to 5 (very satisfied), reflecting their perceptions of the built environment.



3.2 Model specifications

(1) OLS regression model

In order to estimate the impact of commuting time on self-rated health and judge the nonlinear relationship between the two, the following linear model is designed in this study, namely Equation 1:

[image: image]

In the formula, explained variable SRH refers to self-rated health; commuting time is the core explanatory variable of this study. Coefficient [image: image] refers to commuting time coefficient, indicating the commuting time’s effect on self-rated health. [image: image] is the control variable, and other factors that may affect self-rated health are included in this study, such as age, gender and education level. [image: image] is a random error term.

(2) Generalized propensity score matching

The analysis of treatment effects primarily relies on the “counterfactual” framework by (48). However, propensity score matching (PSM) is limited to binary treatment variables. For example, treating commuting time as either less than 1 h (0) or more than 1 h (1) as two distinct categories simplify the variable’s nuanced impact on health too much (49). Expanded this framework to accommodate multivariate or continuous treatment variables, introducing Generalized Propensity Score (GPS) matching. This method better captures the varying outcomes at different treatment intensities, addressing PSM’s limitations.

GPSM was further evaluated in three steps. First, estimate the conditional probability density of treatment intensity based on the covariates X, and employ the Fractional Logit model to adjust the density function for estimation, namely Equation 2.

[image: image]

Then, the conditional expectation model of output variables (this study mainly refers to individual self-rated health) is constructed by using processing variables and generalized propensity score variables, namely Equation 3:

[image: image]

Thirdly, Estimate the “Average Dose–response Function” [image: image] and Treatment Effect (TE) based on Equations 4, 5.

[image: image]

[image: image]

Where, N is the sample size. When using the computer to estimate the function μ(t), it is necessary to set the specific value in the interval of [0, 1]. The step size set in this study is 0.01, that is, t = 0.001, 0.002, 0.003… 0.99, 1 A total of 101 processing intensity values (50).




4 Empirical results


4.1 The non-linear impact of commuting time on self-rated health

Table 2 displays the principal estimated results of OLS regression model (Equation 1). Without control variables, the relationships between commuting time and self-rated health are estimated in column (1). In accordance with the previous theoretical analysis, longer commuting time reduces self-rated health. This study controls sociodemographic characteristics of participants for commuting time in column (2) to reduce the non-randomness of commuting time. Commuting time remains significant and un favorable, indicating that same conclusion could be drawn. In addition, after the quadratic term for commuting time was introduced in column (3), the coefficient for commuting time turned positive, while the coefficient for the quadratic term was significantly negative. This finding suggests a U-shaped relationship between commuting time and respondents’ self-rated health.



TABLE 2 Effects of commuting time on self-rated health.
[image: Table2]

The initial improvement observed can be attributed to the potential benefits of short commutes, which may not significantly impact health negatively and might even provide additional physical activity. However, as commuting duration continues to increase, these benefits diminish and the negative impacts become more pronounced, demonstrating a nonlinear relationship. This finding preliminarily validates Hypothesis 1.

GPSM was introduced to further estimate the optimal time thresholds and their causal effects on self-rated health across various commuting durations. Figure 2A presents the average “dose–response” function, while Figure 2B reports the effects of varying commuting durations on self-rated health (i.e., treatment effects). It is noteworthy that when the average commuting time exceeds 63 min, the upper and lower bounds of the 95% confidence interval of the dose–response function expand, challenging the statistical significance of commuting duration’s impact on self-rated health. This is primarily due to the small sample size of respondents commuting over an hour constituting only 13% of the total sample. Nevertheless, this does not undermine the conclusion of an inverted “U-shaped” relationship between commuting duration and self-rated health.

[image: Figure 2]

FIGURE 2
 Dose–response function of commuting time on self-rated health.


In Figure 2A, there is a distinct “N-shaped” relationship between commuting duration and self-rated health, where commuting times within the (0, 21] minute interval have a positive effect on self-rated health, reaching the “location of the optimal dose” (51) [=exp(3.50)] at 21 min. This duration is close to the “happiness commute” time, suggesting that shorter commutes have less impact on individual health, or that people may more easily adapt to this level of commuting (63). However, beyond 21 min, the impact on self-rated health gradually becomes negative, especially when commuting time approaches 42 min (as shown in Figure 2B), where the treatment effect reaches its lowest point, indicating the greatest negative impact. Subsequently, the negative effects gradually diminish, reaching their lowest at 60 min [=exp(2.95)].

This shift confirms that commuting times exceeding a certain threshold may induce significant physical and psychological burdens, including increased fatigue and reduced rest time (52).

Before delving into further exploration of heterogeneity and mechanism analysis, we conducted robustness checks to ensure the accuracy of our research findings. First, this study reassessed core variables by replacing self-rated health with indicators of physical discomfort related to chronic diseases, poor sleep quality, general fatigue, and lack of concentration. Higher values on this scale indicated greater physical discomfort. The regression results, summarized in Table 3, show positive coefficients, suggesting that longer commuting times significantly increase physical discomfort, confirming the robustness of the findings.



TABLE 3 Effects of commuting on physical discomfort.
[image: Table3]

Second, due to the potential endogeneity and reverse causality between commuting time and self-rated health, the 2SLS estimation method with IV was employed to estimate the causal relationship. Commuting distance was selected as the IV, as it is considered a significant determinant of commuting time while having minimal correlation with self-rated health. The 2SLS results from Table 4 indicate a strong correlation between commuting distance and the endogenous variables, confirmed by a first-stage regression p-value under 0.05, validating the instrumental variable’s effectiveness. Subsequent analyses involved regression of the dependent variable on first-stage fitted values, passing under-identification and weak instrument tests with a p-value of 59.32, surpassing the Stock-Yogo 10% critical value of 16.38, affirming the instrumental variable’s adequacy.



TABLE 4 2SLS estimation results of the impact of commuting time on self-rated health.
[image: Table4]



4.2 Heterogeneity analysis and moderating mechanism

To provide a comprehensive analysis, we compared self-rated health outcomes with variables such as age, sex, and income. Using multicollinearity diagnostics, specifically the Variance Inflation Factor (VIF), we assessed the independence of these variables. The results indicated that all variables had VIF values below 10, suggesting no severe multicollinearity and confirming these variables as independent. We further explored the heterogeneous effects of commuting time on self-rated health across different demographic groups, focusing on gender, age, and income.

(1) Heterogeneous effects with respect to gender

This paper investigates the gender-specific effects of commuting time on self-rated health, as illustrated in Figure 3. Figure 3A demonstrates an inverted “U” shape trajectory, indicating an initial rise followed by a decline in self-rated health with increased commuting duration. The decline point for men occurs slightly earlier at 20 min compared to 22 min for women. Figure 3B illustrates that women are noticeably more sensitive to commuting time, exhibiting greater fluctuations in self-rated health. Their negative impacts begin to gradually diminish around 41 min, whereas for men, this reduction starts at 46 min.

[image: Figure 3]

FIGURE 3
 Gender-heterogeneous dose–response function of commuting time on self-rated health.


The observed differences in sensitivity to commuting times between genders can be attributed to various social, psychological, and biological factors. Women’s heightened sensitivity to commuting times may stem from the stress of balancing work with disproportionate domestic responsibilities (25), exacerbating the effects of commuting and leading to greater fluctuations in their self-rated health. Moreover, the distinct points at which significant health declines occur for each gender may reflect differences in stress and fatigue management associated with long commutes. These gender-specific variations underscore the need for targeted interventions to address the unique challenges faced by men and women in relation to commuting (1).

(2) Heterogeneous effects with respect to age

Studies in fields such as physiology and gerontology have shown that different age groups perceive physical exertion and health differently (53). Commuting is a daily physical exertion event, and examining how different age groups respond to this exertion could provide meaningful insights into health impacts. This study categorizes participants into two age groups: those younger and those older than 45 years old. Figure 4A illustrates the dose–response function of commuting time on self-rated health across age groups, with both young adults and older adults showing an inverted “U-shaped” trend. However, the young adult group starts with a higher initial health rating and reaches the peak earlier, suggesting that young people initially cope better with increased commuting times but also experience the adverse effects sooner.

[image: Figure 4]

FIGURE 4
 Age-heterogeneous dose–response function of commuting time on self-rated health.


In the treatment effect function depicted in Figure 4B, the curve for the middle-aged and older adults declines earlier and more steeply, indicating a greater sensitivity to increased commuting times. This might suggest that for middle-aged and older adults, the impact of prolonged commuting on health is more immediate and severe. The reduced physiological resilience and lower capacity to recover from physical exertion among older adults make them particularly vulnerable to the stresses associated with long commutes (54).

(3) Heterogeneous effects with respect to income

Income levels exert a significant influence on individuals’ perception of the impact of commuting time on their health. In this study, income levels are categorized as high or low, with high income defined as exceeding the median income. Analysis of the dose–response function in Figure 5A reveals that the turning point for the middle and low-income groups (19 min) precedes that of the high-income group (27 min), indicating that economically disadvantaged individuals experience the negative effects of longer commuting times earlier. In the treatment effect function shown in Figure 5B, the decline in health impact is more significant in the low—and middle-income group than in the high-income group. This indicates that higher-income groups may have better resources to alleviate commuting stress, such as more comfortable modes of transportation or more flexible work arrangements (10).

[image: Figure 5]

FIGURE 5
 Income-heterogeneous dose–response function of commuting time on self-rated health.


The disparities in the impacts of commuting on health across income levels can be largely attributed to differences in commuting conditions, job flexibility, and access to healthcare. Higher-income individuals often enjoy more comfortable commuting options and have jobs that allow for telecommuting or flexible hours, reducing commute-related stress (55). They also tend to live in areas closer to work with better infrastructure, further alleviating the daily burden of commuting. Additionally, their greater access to healthcare helps manage any adverse effects of commuting, contributing to better overall health outcomes compared to lower-income counterparts (56).



4.3 Moderating mechanism analysis

(1) Moderating role of active commuting and physical activity

This study further examines their moderating mechanisms on the commuting-health relationship. Results from Table 5 column (3) reaffirm the beneficial effects of both active commuting and physical activity. However, while physical activity continues to positively moderate the relationship between commuting time and health, its direct impact has become non-significant. This suggests that the frequent dispersal of physical activity throughout the day might dilute its immediate, noticeable benefits on health metrics, reducing its statistical significance in models analyzing instant health outcomes. Intriguingly, the moderating effect of active commuting is negative, indicating that despite the general health benefits of active commuting methods such as walking or cycling, their integration into longer commuting durations may introduce additional physical strain or stress. This negative effect is particularly pronounced when commuting infrastructure is inadequate (e.g., poor cycling lanes, severe traffic congestion) or when commuting exceeds certain thresholds, potentially offsetting the health benefits.

(2) Moderating role of perceived built environment at residential and workplace settings



TABLE 5 Results of moderating effects.
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This study delves deeper into the moderating mechanisms of perceived built environments on the commuting-health relationship. According to the results presented in Table 5 column (3), perceived environments at workplaces do not significantly influence health, possibly due to the limited outdoor interaction as most work-related activities occur indoors. However, residential environments characterized by perceived walkability and accessibility show a positive effect on health, underscoring the direct impact of residential environmental quality on daily activity levels and health, especially in facilitating physical activities and convenient daily commutes (57).

Furthermore, Table 5 column (4) reveals that safety perceptions at both workplace and residential settings, along with perceived residential greenness, do not directly affect health outcomes. However, they do positively modulate the commuting-health relationship. This modulation is attributed to the psychological comfort provided by greener and safer living environments, which helps alleviate the stress associated with commuting (58). Notably, perceived residential accessibility, despite its direct health benefits, does not modify the relationship between commuting and health. This is because, while residential accessibility enhances the convenience of daily life, its role in alleviating the complex impact of increased commuting times on health may not be significant.




5 Conclusion and discussion

This study delves into the nonlinear causal relationship between long-duration commuting and health outcomes, moving beyond the correlational focus prevalent in previous research. This study contributed three original contributions to the body of knowledge. First, this study not only confirms the impact of long-duration commuting on health outcomes but also establishes critical causal time thresholds, delineating when negative effects begin and the point at which they become severely detrimental. Second, the study reveals that the effects of long-duration commuting vary significantly across different genders, ages, and income levels, highlighting the importance of identifying particularly vulnerable groups. Third, the study enhances existing literature by demonstrating how individual behaviors and environmental contexts significantly influence health outcomes associated with commuting.

This study infers the causal relationship between commuting time and health outcomes by employing control variables and designing randomized experiments, effectively mitigating the selection and confounding biases commonly encountered in empirical research. These biases often arise from variations in residents’ commuting distances, socioeconomic factors, and car ownership. This rigorous methodology ensures a clearer identification of causal links. This study demonstrates that while commuting durations up to 21 min can positively influence health, exceeding this threshold progressively harms well-being, especially past 42 and 60 min. This nuanced delineation of critical time points advances the discussion beyond the simplistic 60-min benchmark prevalent in previous studies (59), fostering a more comprehensive understanding of the causal dynamics that may spur further research and debate. Furthermore, the study confirms that commuting, when perceived as beneficial physical activity within defined limits, significantly contributes to daily health maintenance. This insight is essential for urban planners and public health officials as they devise interventions aimed at maximizing the health benefits of active commuting while avoiding the detrimental effects that emerge beyond established thresholds.

Heterogeneity analysis yields profound insights, showing that compared to men and younger adults, women and older adults demonstrate a significantly higher sensitivity to long-duration commuting. Interestingly, their threshold for experiencing negative effects is delayed. This discrepancy is largely due to their greater initial resilience, adaptive coping mechanisms, and robust social and commuting habits, which collectively cushion the early impacts of extended commuting times (5). Similarly, while low-income groups may not show significant initial sensitivity to long-distance commuting, they encounter negative health impacts much earlier than middle and high-income groups. This early onset of negative effects among low-income groups stems from their limited resources to manage commuting stress and pre-existing socioeconomic health vulnerabilities, highlighting the urgent need for targeted interventions to effectively support these groups (60). These findings emphasize the complex interplay between socioeconomic status, age, and gender in commuting-related health impacts, underscoring the necessity for nuanced policy interventions tailored to diverse community needs.

This study explored how behavioral preference, and perceived built environments act as moderators in the health-commuting relationship, confirming their general benefits but revealing complex dynamics. Regular physical activities and active commuting methods such as walking and cycling generally promote health (35). However, while regular physical activity can positively influence the dynamics between commuting and health, its direct impact on specific health metrics often becomes statistically insignificant when analyzed in isolation. Furthermore, integrating active commuting into longer commute durations can introduce additional strain. This complexity suggests that the benefits of active commuting can be offset by the increased physical demands and stress associated with prolonged commuting times, highlighting the need for balanced approaches in promoting active commuting as a health-enhancing behavior (1). Additionally, while residential settings with better walkability and accessibility enhance health, workplace environmental factors show negligible effects. The modulation by safer and greener residential areas highlights the importance of environmental quality in mitigating commuting stress (61), though increased accessibility alone does not significantly alter the health impacts of longer commutes, underscoring the nuanced role of urban planning in enhancing public health through careful consideration of commuting practices and environmental settings.

This study’s insights into commuting and health are limited by its reliance on self-reported data, which may introduce biases, and its focus on self-rated health as an indicator, rather than a comprehensive measure of individual health. The specific contexts examined may also affect the generalizability of the results. Future research could benefit from using objective data and examining broader geographic settings to enhance reliability and applicability. Additionally, the use of a scoring system to quantify the relative physical activity levels associated with different commuting modes presents limitations. While the scoring system aims to reflect general trends where more active commuting modes contribute to higher physical activity levels, the actual intensity and duration of physical activity can vary significantly among individuals and contexts. Therefore, the scores should be viewed as relative measures rather than exact multipliers of physical activity levels. Future research could benefit from using objective data and examining broader geographic settings to enhance reliability and applicability. Further exploration of long-term impacts and environmental factors will be crucial for developing targeted urban planning and public health policies.



Data availability statement

The datasets presented in this article are not readily available because the data that support the findings of this study are not publicly available due to privacy and ethical restrictions. Requests to access the datasets should be directed to Ning Qiu, qiuning22@sdjzu.edu.cn.



Author contributions

NQ: Data curation, Formal analysis, Funding acquisition, Investigation, Methodology, Project administration, Writing – original draft. WL: Formal analysis, Software, Visualization, Writing – original draft. DaC: Validation, Writing – original draft. MD: Supervision, Writing – review & editing. ZX: Funding acquisition, Supervision, Writing – review & editing. DoC: Writing – review & editing, Supervision. HX: Conceptualization, Resources, Writing – review & editing.



Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. This work was supported by the Natural Science Foundation of Shandong Province (grant number: ZR2023QE242) and National Natural Science Foundation of (grant number: 52408077).



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 1. Chatterjee, K, Chng, S, Clark, B, Davis, A, De Vos, J, Ettema, D , et al. Commuting and wellbeing: a critical overview of the literature with implications for policy and future research. Transp Rev. (2020) 40:5–34. doi: 10.1080/01441647.2019.1649317


 2. Liu, J, Ettema, D, and Helbich, M. Systematic review of the association between commuting, subjective wellbeing and mental health. Travel Behav Soc. (2022) 28:59–74. doi: 10.1016/j.tbs.2022.02.006


 3. Norgate, SH, Cooper-Ryan, AM, Lavin, S, Stonier, C, and Cooper, CL. The impact of public transport on the health of work commuters: a systematic review. Health Psychol Rev. (2020) 14:325–44. doi: 10.1080/17437199.2019.1618723 

 4. World Health Organization (2022). Physical activity and sedentary behaviour: a brief to support older people.


 5. Clark, B, Chatterjee, K, Martin, A, and Davis, A. How commuting affects subjective wellbeing. Transportation. (2020) 47:2777–805. doi: 10.1007/s11116-019-09983-9


 6. Mouratidis, K
. Commute satisfaction, neighborhood satisfaction, and housing satisfaction as predictors of subjective well-being and indicators of urban livability. Travel Behav Soc. (2020) 21:265–78. doi: 10.1016/j.tbs.2020.07.006


 7. Owais, M, Ahmed, AS, Moussa, GS, and Khalil, AA. Integrating underground line design with existing public transportation systems to increase transit network connectivity: case study in greater Cairo. Expert Syst Appl. (2021) 167:114183. doi: 10.1016/j.eswa.2020.114183


 8. Alyavina, E, Nikitas, A, and Tchouamou, E. Mobility as a service and sustainable travel behaviour: a thematic analysis study. Transport Res F: Traffic Psychol Behav. (2020) 73:362–81. doi: 10.1016/j.trf.2020.07.004


 9. Singleton, PA
. Multimodal travel-based multitasking during the commute: who does what? Int J Sustain Transp. (2020) 14:150–62. doi: 10.1080/15568318.2018.1536237


 10. Stein, M, Nitschke, L, Trost, L, Dirschauer, A, and Deffner, J. Impacts of commuting practices on social sustainability and sustainable mobility. Sustain For. (2022) 14:4469. doi: 10.3390/su14084469


 11. Hogendorf, M, Groeniger, JO, Noordzij, JM, Beenackers, MA, and Van Lenthe, FJ. Longitudinal effects of urban green space on walking and cycling: a fixed effects analysis. Health Place. (2020) 61:102264. doi: 10.1016/j.healthplace.2019.102264 

 12. Wang, X, Shao, C, Yin, C, and Dong, C. Exploring the effects of the built environment on commuting mode choice in neighborhoods near public transit stations: evidence from China. Transp Plan Technol. (2021) 44:111–27. doi: 10.1080/03081060.2020.1851453


 13. Kim, EJ, Kim, J, and Kim, H. Does environmental walkability matter? The role of walkable environment in active commuting. Int J Environ Res Public Health. (2020) 17:1261. doi: 10.3390/ijerph17041261 

 14. Echeverría, L, Gimenez-Nadal, JI, and Molina, JA. Active commuting and the health of workers. J Transp Health. (2023) 31:101626. doi: 10.1016/j.jth.2023.101626


 15. Kim, D, and Jin, J. Commuting time and happiness: empirical evidence from Korean youth panel data. J Transp Health. (2023) 33:101690. doi: 10.1016/j.jth.2023.101690


 16. Baobeid, A, Koç, M, and Al-Ghamdi, SG. Walkability and its relationships with health, sustainability, and livability: elements of physical environment and evaluation frameworks. Front Built Environ. (2021) 7:721218. doi: 10.3389/fbuil.2021.721218


 17. Roe, J, Mondschein, A, Neale, C, Barnes, L, Boukhechba, M, and Lopez, S. The urban built environment, walking and mental health outcomes among older adults: a pilot study. Front Public Health. (2020) 8:575946. doi: 10.3389/fpubh.2020.575946


 18. Feng, Z, and Boyle, P. Do long journeys to work have adverse effects on mental health? Environ Behav. (2014) 46:609–25. doi: 10.1177/0013916512472053


 19. Sha, F, Li, B, Law, YW, and Yip, PS. Associations between commuting and well-being in the context of a compact city with a well-developed public transport system. J Transp Health. (2019) 13:103–14. doi: 10.1016/j.jth.2019.03.016


 20. Tainio, M, Andersen, ZJ, Nieuwenhuijsen, MJ, Hu, L, De Nazelle, A, An, R , et al. Air pollution, physical activity and health: a mapping review of the evidence. Environ Int. (2021) 147:105954. doi: 10.1016/j.envint.2020.105954 

 21. Nie, P, and Sousa-Poza, A. Commute time and subjective well-being in urban China. China Econ Rev. (2018) 48:188–204. doi: 10.1016/j.chieco.2016.03.002


 22. Jin, E, Kim, D, and Jin, J. Commuting time and perceived stress: evidence from the intra-and inter-city commuting of young workers in Korea. J Transp Geogr. (2022) 104:103436. doi: 10.1016/j.jtrangeo.2022.103436


 23. Zhao, P, Liu, D, Yu, Z, and Hu, H. Long commutes and transport inequity in china’s growing megacity: new evidence from Beijing using mobile phone data. Travel Behav Soc. (2020) 20:248–63. doi: 10.1016/j.tbs.2020.04.007


 24. Tao, Y, van Ham, M, and Petrović, A. Changes in commuting mode and the relationship with psychological stress: a quasi-longitudinal analysis in urbanizing China. Travel Behav Soc. (2024) 34:100667. doi: 10.1016/j.tbs.2023.100667


 25. Herman, KM, and Larouche, R. Active commuting to work or school: associations with subjective well-being and work-life balance. J Transp Health. (2021) 22:101118. doi: 10.1016/j.jth.2021.101118


 26. Ye, R, and Titheridge, H. The determinants of commuting satisfaction in low-income population: a case study of Xi’an, China. Travel Behav Soc. (2019) 16:272–83. doi: 10.1016/j.tbs.2019.01.005


 27. Morris, EA, Ettema, D, and Zhou, Y. Which activities do those with long commutes forego, and should we care? Trans Res Interdisciplin Perspect. (2020) 5:100119. doi: 10.1016/j.trip.2020.100119


 28. Osmënaj, T, Lam, TM, Wagtendonk, AJ, and den Braver, NR. Walking to work: the role of walkability around the workplace in a Dutch adult commuting population. SSM Populat Health. (2024) 25:101578. doi: 10.1016/j.ssmph.2023.101578 

 29. Schäfer, C, Mayr, B, La Puente, F, De Battre, MD, Reich, B, Schmied, C , et al. Health effects of active commuting to work: the available evidence before gismo. Scand J Med Sci Sports. (2020) 30:8–14. doi: 10.1111/sms.13685 

 30. Mouratidis, K
. Urban planning and quality of life: a review of pathways linking the built environment to subjective well-being. Cities. (2021) 115:103229. doi: 10.1016/j.cities.2021.103229


 31. Peterman, JE, Bassett, DR, Finch, WH, Harber, MP, Whaley, MH, Fleenor, BS , et al. Associations between active commuting and cardiovascular disease in the United States. J Phys Act Health. (2021) 18:1525–31. doi: 10.1123/jpah.2021-0245 

 32. Hamer, M, and Chida, Y. Active commuting and cardiovascular risk: a meta-analytic review. Prev Med. (2008) 46:9–13. doi: 10.1016/j.ypmed.2007.03.006 

 33. Ortiz-Sánchez, JA, Ramírez-Hurtado, JM, and Contreras, I. An integrated model of structural equations with cognitive and environmental factors for the study of active commuting. J Transp Health. (2022) 24:101319. doi: 10.1016/j.jth.2021.101319


 34. Buttazzoni, A, Ferguson, KN, and Gilliland, J. Barriers to and facilitators of active travel from the youth perspective: a qualitative meta-synthesis. SSM Populat Health. (2023) 22:101369. doi: 10.1016/j.ssmph.2023.101369 

 35. Sattler, MC, Färber, T, Traußnig, K, Köberl, G, Paier, C, Dietz, P , et al. Cross-sectional association between active commuting and perceived commuting stress in Austrian adults: results from the hotway study. Ment Health Phys Act. (2020) 19:100356. doi: 10.1016/j.mhpa.2020.100356


 36. Guell, C, Panter, J, Jones, NR, and Ogilvie, D. Towards a differentiated understanding of active travel behaviour: using social theory to explore everyday commuting. Soc Sci Med. (2012) 75:233–9. doi: 10.1016/j.socscimed.2012.01.038 

 37. Van der Vlugt, A, Curl, A, and Scheiner, J. The influence of travel attitudes on perceived walking accessibility and walking behaviour. Travel Behav Soc. (2022) 27:47–56. doi: 10.1016/j.tbs.2021.11.002


 38. Mohiuddin, H, Jamal, S, and Bhuiya, MMR. To bike or not to bike: exploring cycling for commuting and non-commuting in Bangladesh. Trans Res Interdisciplin Perspect. (2022) 14:100614. doi: 10.1016/j.trip.2022.100614


 39. Kim, J, Yu, C, and Woo, A. The impacts of visual street environments on obesity: the mediating role of walking behaviors. J Transp Geogr. (2023) 109:103593. doi: 10.1016/j.jtrangeo.2023.103593


 40. Grigoletto, A, Toselli, S, Zijlema, W, Marquez, S, Triguero-Mas, M, Gidlow, C , et al. Restoration in mental health after visiting urban green spaces, who is most affected? Comparison between good/poor mental health in four European cities. Environ Res. (2023) 223:115397. doi: 10.1016/j.envres.2023.115397 

 41. Wu, W, Chen, WY, Yun, Y, Wang, F, and Gong, Z. Urban greenness, mixed land-use, and life satisfaction: evidence from residential locations and workplace settings in Beijing. Landsc Urban Plan. (2022) 224:104428. doi: 10.1016/j.landurbplan.2022.104428


 42. Sun, P, Song, Y, and Lu, W. Effect of urban green space in the hilly environment on physical activity and health outcomes: mediation analysis on multiple greenery measures. Land. (2022) 11:612. doi: 10.3390/land11050612


 43. Yu, X, Yang, T, Zhou, J, Zhang, W, and Zhan, D. Commuting characteristics, perceived traffic experience and subjective well-being: evidence from Hangzhou, China. Transp Res Part D: Transp Environ. (2024) 127:104043. doi: 10.1016/j.trd.2023.104043


 44. Li, L, Gao, T, Wang, Y, and Jin, Y. Evaluation of public transportation station area accessibility based on walking perception. Int J Trans Sci Technol. (2023) 12:640–51. doi: 10.1016/j.ijtst.2023.01.001


 45. Lu, Y, and Chen, H. Using google street view to reveal environmental justice: assessing public perceived walkability in macroscale city. Landsc Urban Plan. (2024) 244:104995. doi: 10.1016/j.landurbplan.2023.104995


 46. Michalski, CA, Diemert, LM, Helliwell, JF, Goel, V, and Rosella, LC. Relationship between sense of community belonging and self-rated health across life stages. SSM Populat Health. (2020) 12:100676. doi: 10.1016/j.ssmph.2020.100676 

 47. Zhu, P, Wang, K, Ho, SR, and Tan, X. How is commute mode choice related to built environment in a high-density urban context? Cities. (2023) 134:104180. doi: 10.1016/j.cities.2022.104180


 48. Rosenbaum, PR, and Rubin, DB. The central role of the propensity score in observational studies for causal effects. Biometrika. (1983) 70:41–55. doi: 10.1093/biomet/70.1.41


 49. Hirano, K, and Imbens, GW. The propensity score with continuous treatments. Appl Bayesian Model Causal Inference Incomplete Data Perspect. (2004) 226164:73–84. doi: 10.1002/0470090456.ch7


 50. Kang, Z, Zhang, N, Tang, X, and Liu, X. Does the policy of “reducing carbon” restrict the export of Chinese enterprises. China Indus Econ. (2018) 9:117–35. doi: 10.19581/j.cnki.ciejournal.2018.09.017


 51. Bia, M, and Mattei, A. Assessing the effect of the amount of financial aids to piedmont firms using the generalized propensity score. Stat Methods Appl. (2012) 21:485–516. doi: 10.1007/s10260-012-0193-4


 52. Lee, D, Yun, J, Lee, N, and Hong, Y. Association between commuting time and depressive symptoms in 5th korean working conditions survey. J Transp Health. (2024) 34:101731. doi: 10.1016/j.jth.2023.101731


 53. Schweda, A, Weismüller, B, Bäuerle, A, Dörrie, N, Musche, V, Fink, M , et al. Phenotyping mental health: age, community size, and depression differently modulate COVID-19-related fear and generalized anxiety. Compr Psychiatry. (2021) 104:152218. doi: 10.1016/j.comppsych.2020.152218 

 54. Phillips, SP, Auais, M, Belanger, E, Alvarado, B, and Zunzunegui, M. Life-course social and economic circumstances, gender, and resilience in older adults: the longitudinal international mobility in aging study (IMIAS). SSM Populat Health. (2016) 2:708–17. doi: 10.1016/j.ssmph.2016.09.007 

 55. Jang, S, and Yi, C. Imbalance between local commuting accessibility and residential locations of households by income class in the Seoul metropolitan area. Cities. (2021) 109:103011. doi: 10.1016/j.cities.2020.103011


 56. Shi, K, Yang, Y, De Vos, J, Zhang, X, and Witlox, F. Income and commute satisfaction: on the mediating roles of transport poverty and health conditions. Travel Behav Soc. (2022) 29:297–307. doi: 10.1016/j.tbs.2022.07.004


 57. Howell, NA, Farber, S, Widener, MJ, and Booth, GL. Residential or activity space walkability: what drives transportation physical activity? J Transp Health. (2017) 7:160–71. doi: 10.1016/j.jth.2017.08.011


 58. Xu, J, Wang, F, Chen, L, and Zhang, W. Perceived urban green and residents’ health in Beijing. SSM Populat Health. (2021) 14:100790. doi: 10.1016/j.ssmph.2021.100790 

 59. Allen, J, Palm, M, Tiznado-Aitken, I, and Farber, S. Inequalities of extreme commuting across Canada. Travel Behav Soc. (2022) 29:42–52. doi: 10.1016/j.tbs.2022.05.005


 60. Berkowitz, SA, Dave, G, and Venkataramani, AS. Potential gaps in income support policies for those in poor health: the case of the earned income tax credit—a cross sectional analysis. SSM Populat Health. (2023) 23:101429. doi: 10.1016/j.ssmph.2023.101429 

 61. Zijlema, WL, Avila-Palencia, I, Triguero-Mas, M, Gidlow, C, Maas, J, Kruize, H , et al. Active commuting through natural environments is associated with better mental health: results from the phenotype project. Environ Int. (2018) 121:721–7. doi: 10.1016/j.envint.2018.10.002 

 62. Haukka, E, Gluschkoff, K, Kalliolahti, E, Lanki, T, Jussila, JJ, Halonen, JI , et al. Changes in active commuting and changes in health: within-and between-individual analyses among 16 881 finnish public sector employees. Preventive Medicine. (2023) 177:107744. 

 63. Olsson, LE, Gärling, T, Ettema, D, Friman, M, and Fujii, S. Happiness and satisfaction with work commute. Social Indicators Research. (2013) 111:255–263. 


Copyright
 © 2024 Qiu, Li, Cui, Du, Xing, Cui and Xinyu. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fpubh-12-1452014-g004.jpg
E[Self-rated health(t)]

35

25

Dose Response Funetion B!

0 14 28 42 56 70 minutes
Commuting time

.03

02

A (Self-rated health)

-01

Treatment Effect Function

014

28 42 56
Commuting time

Younger

-+ Ouer

70 minutes





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Reassessing the non-linear causal link between long-duration commuting and self-rated health: do behavioral preferences and built environment matter?



		1 Introduction



		2 Literature review



		2.1 Non-linear commuting-health nexus: the rising debate in time thresholds



		2.2 Population heterogeneity: inequality issues in commuting stress



		2.3 Moderating roles of behavioral preferences: commuting modes and physical activity



		2.4 Moderating roles of built environments: from the perspective of individual perception









		3 Data and methods



		3.1 Data and variables



		3.2 Model specifications









		4 Empirical results



		4.1 The non-linear impact of commuting time on self-rated health



		4.2 Heterogeneity analysis and moderating mechanism



		4.3 Moderating mechanism analysis









		5 Conclusion and discussion



		Data availability statement



		Author contributions



		Funding



		Conflict of interest



		Publisher’s note



		References



















OPS/images/fpubh-12-1452014-g003.jpg
E[Self-rated health(t)]

w
o

w

ok
o

Dose Response Function

—

0

14

28 42 56
Commuting time

B Treatment Effect Function
—
O L -~
Woman
02
g
H
2
2
g
<
2
<
-014
—
70 minutes 14 28 42 56 70 minutes

Commuting time





OPS/images/fpubh-12-1452014-t001.jpg
Variables Def Mea Std dev
Self-rated health Self-rated health status of the respondents? 327 115
5-point scale: from 1=very bad to 5=very good
Commuting time One-way commute time (minutes) 3385 17.89
Commuting distance One-way commute length (km) 878 961
Male 0=female, 1 = male 044 0.50
Age Age 37.45 1176
Marital status dummies unmarried, 2= married, 3= divorced - -
Education level Educational attainment: 1 = Junior high school and below, 2= Senior high school and 317 051
below; 3= undergraduate college, 4= graduate student and above
Non-agricultural houschold registration 0=agricultural household registration, 1 =non-agricultural houschold registration 136 0.49
Occupation type dummies 1=Public institutions, 2 = workers,3 = white-collar workers 4=enterprises, 5 =service - -
industries 6=individual businesses,7 = ull-time 8= freclance
Car ownership Whether has car 077 0.42
Income Individual income (thousand yuan) 241 159
Active commuting Active commuting levels: 1 = car, 2= public transit,3 = electric bike,4 = walk, bicycle 205 1.03
Physical activity Weekly fitness frequency (times) * Duration of each workout (minutes) 368 4
Perceived built Workplace greenery How satisfied are respondents with greenery near their workplace? 378 1.08
environment satisfaction | \yorkplace walkability How satisfied are respondents with the walking environment near their workplace? 367 117
{-point seile from Workplace Safety How satisfied are respondents with safety near their workplaces? an 094
very dissatisfied to
Severy satisfed) Workplace Accessibility  How satisfied are respondents with the ease of transportation near their workplace? 360 129
Residential Greenery How satisfied are respondents with greenery near where they live? 369 L1s
Residential Walkability  How satisfied are respondents with the walking environment near where they live? 368 114
Residential Safety How satisfied are respondents with the safety near where they live? 385 110

Residential Accessibility | How satisfied are respondents with the ease of transportation near where they live? 361 124





OPS/images/fpubh-12-1452014-g005.jpg
A Dose Response Function B Treatment Effect Function
4 Low
02 g
Z 351 z
z 3
K] 2
= 3
3 3
2 3 £ 0
5 <
) <
=
254
-02
— —
0 14 28 42 56 70 minutes 0 14 28 4 56 70 minutes

Commuting time Commuting time





OPS/images/fpubh-12-1452014-g002.jpg
E[Self-rated health(t)]

Dose Response Function

36
34 /

324!

3 (i

284 | S
264!

0 14 28 4 56 70 minutes

Commuting time.

A (Self-rated health)

Treatment Effect Function

02
015
o1
005
o
-005
0 14 28 @2 5
Commuting time.

e et
e Loverbound
Unperbound

70 minutes





OPS/images/fpubh-12-1452014-g001.jpg
Commuting time

direct effects (H1)

Behavioral preference
commuting modes
physical activity

moderating effects
(H3)

Heterogeneity effe
ages

genders

income levels

moderating effects
(H4)

SN P—

Built environments
residences
workplaces

Health






OPS/images/cover.jpg
& frontiers | Frontiers in Public Health

Reassessing the non-linear causal
link between long-duration
commuting and self-rated health:
do behavioral preferences and
built environment matter?












OPS/images/crossmark.jpg
(®) Check for updates







OPS/images/logo.jpg
¥ frontiers Frontiers in Public Health






OPS/images/fpubh-12-1452014-e005.jpg
E(THX,):F(X,_B):]

exp(Xf)
+exp(XiB)

& {p[ X ,}]H, ) F[X, Bﬂ!—r

)





OPS/images/fpubh-12-1452014-e006.jpg
E[mn.ki]wo +anTy + TP +asT? + ay Ry

L2 3 .
+asRi +agRi +aqT; Ri

3)





OPS/images/fpubh-12-1452014-e003.jpg
control;





OPS/images/fpubh-12-1452014-e004.jpg
Ei





OPS/images/fpubh-12-1452014-e009.jpg
1(t) = (0).1 = 0.001,0.002,0.003...0.99,1

®)





OPS/images/fpubh-12-1452014-e007.jpg





OPS/images/fpubh-12-1452014-e008.jpg
#z{waum Gy P s (1Xs)

+as (LX) + o (LX) +ar tr(X )}

()





OPS/images/fpubh-12-1452014-e001.jpg
SRH; = ax + @y commutingtime; + aacontrol; + &;

(1)





OPS/images/fpubh-12-1452014-e002.jpg





OPS/images/fpubh-12-1452014-t003.jpg
Physical discomfol

Commuting time 0.004%
(0.003)
Control variable Yes
Constant L1775
(0.400)
N 833
Resquared 0.030

“£2p<0.01, *p<0.1.





OPS/images/fpubh-12-1452014-t002.jpg
Variables

Self-rated health

(]

Commuting time ~0007%+%
(0.002)

Commuting time 2

Control variable NO
Constant 35140
(0.085)
Observations 1755
Resquared o3

Standard errors in parentheses.
€£4p<0.01, *#p<0.05, *p<0.1

~0.005%
(0.002)

Yes

3.109%4%
(0.356)

1755

0.248

00207
0.009)

—~0000°+
(0.000)

Yes

27528
(0376)

1755

0258





OPS/images/fpubh-12-1452014-t005.jpg
Variables

Commuting time

Active commuting

Commuting time* Mode

of commuting

Physical activity

Commuting time*

Physical activity

Workplace Green Space

Commuting time*

Workplace Green Space

Workplace Walkability

Commuting time*
‘Workplace Walkablity

‘Workplace Safety

Commuting time*

Workplace Safety

‘Workplace Accessibility

Commuting time*

Workplace Accessibility

Residential Green Space

Commuting time*

Residential Green Space

Residential Walkability

Commuting time*
Residential Walkability

Residential Safety

Commuting time*

Residential Safety

Residential Accessi

Commuting

time*Residential Access
Control variable

Constant

Observations

Resquared

(1)

—0.421%+%
(0.138)
0417

0.037)

0010%
(0.010)

Yes
2788%4%
(0.330)
1755

0341

Robust standard errors in parentheses.

€££p<0.01, *#p<0.05, *p<0.1

) (3)
Self-rated health
044165 —0.456%+*
(0.145) (0.144)

03765
0.037)
~0.533%%%
(0.145)
0015
(0.009)
0.061%
(0.035)
-0114
(0.069)
0,09
(0.065)
~0.030
(0.064)
0.047
(0.047)
~0.095
(0.077)
0.2614%
(0.123)
0023
(0.067)
0128+
(0.048)
Yes Yes
28140 2836%*
(0.347) (0.346)
1755 1755
0341 0345

(4)

—0.472%%

(0.144)

~0.020
(0.037)
0135
(0.131)
0023
(0.035)
0172
(0.120)
~0.002
(0.044)
03287
(0.145)
0039
(0.033)
0.148
(0.109)
~0032
(0.036)
03127
(0.121)
02514
(0.123)
02517
(0.123)
0.001
(0.039)
03510
(0.134)
0,068
(0.033)
0.150
(0.112)
Yes
2801%4%
(0.349)
1755

0344





OPS/images/fpubh-12-1452014-t004.jpg
IV. Commuting distance

Commuting time 0,063+
(0.000)
N 833
R2 0101
Anderson canon. corr. LM 56.46
(0.000)
Cragg-Donald Wald 5932
[16.38]

Values in square brackets are the critical values at the 10% level for the Stock-Yogo weak
instrument variable test. The null hypothesis for the Anderson canonical correlation LM test
s insuffcient instrument variable identification; fo the Cragg-Donald Wald F test, the null
hypothesis is weak identification of the instrument variable. **#p <001





