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Revised: 5 September 2026 among ride-hailing drivers. The study aims to examine the associations between
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hours and the co-occurrence of WMSDs and occupational stress. A cross-sectional
survey was conducted among 668 ride-hailing drivers in Beijing, China, from
August to October 2024. WMSDs were assessed using the Nordic Musculoskeletal
Questionnaire (NMQ). Occupational stress was assessed using the Job Content
Questionnaire (JCQ). In this study, co-occurrence was defined as the joint
classification of WMSDs and occupational stress in the same individual.
Participants were categorized into groups of <55 and >55 working hours per week.
Binary and logistic regression models were used to examine the associations
between weekly working hours and health outcomes. Overall, 77.8% of participants
worked >55 h per week. The prevalence of WMSDs and occupational stress was
53.0% and 56.4%, respectively. Weekly working hours >55 h were significantly
associated with higher odds of occupational stress after full adjustment (aOR = 3.99,
95% CI. 2.59-6.13), but were not significantly associated with WMSDs (aOR =
1.12, 95% CI: 0.74—1.70). Occupational stress was associated with higher odds of
WMSDs (aOR = 1.56, 95% CI: 1.11-2.18). Compared with drivers working <55 h
per week, those working >55 h per week had higher odds of having one condition
(aOR = 1.95, 95% CI: 1.21-3.14) and co-occurrence of occupational stress and
WMSDs (aOR = 4.64, 95% CI. 2.57-8.36). The prevalence of co-occurrence was
37.9% in the =55 h group and 16.2% in the <55 h group. Long working hours were
associated with occupational stress and with the co-occurrence of occupational
stress and WMSDs among ride-hailing drivers. However, no independent
association was observed between long working hours and WMSDs. These findings
highlight the need for comprehensive occupational health interventions targeting
ride-hailing drivers.
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1. Introduction

Working >55 h per week has been used as a threshold for long working hours in previous occupational health
research [1]. Long working hours have been associated with adverse physical and psychological health outcomes.
At the same time, long working hours also have a lasting impact on workers’ psychological state and behavioral
patterns through mechanisms such as deprivation of rest time, disruption of circadian rhythms, and increased
psychological stress [1,2]. As a result, they lead to a series of psychophysiological issues, including occupational
stress, sleep disorders, and chronic fatigue. Long working hours may also prolong exposure to ergonomic risk
factors, such as prolonged sitting, repetitive tasks, awkward or static postures, and vibration. Longer exposure to
these factors may increase cumulative biomechanical load and contribute to musculoskeletal symptoms [3]. In the
transportation sector, particularly among emerging occupational groups like ride-hailing drivers, long working
hours are prevalent. The enclosed vehicle-cabin environment, monotonous tasks, and uncertain income may further
amplify the negative impacts on both physical and mental health [4].

WMSDs involve symptoms or disorders affecting muscles, joints, tendons, and other components of the
musculoskeletal system. They are associated with prolonged occupational exposure to biomechanical risk factors,
including repetitive movements, adverse postures, sustained physical loading, and vibration [5]. Among
professional drivers, the risk of developing WMSDs is particularly pronounced due to prolonged sitting, repetitive
motions, exposure to vehicle vibration, and ergonomic limitations [4]. Studies indicate that the prevalence of low
back pain and neck and shoulder discomfort among professional drivers is significantly higher than in the general
population [6]. WMSDs may reduce work ability and productivity and may increase healthcare use and related
costs [3,7,8].

Occupational stress encompasses adverse physiological and psychological responses that arise when workplace
psychosocial demands exceed an individual’s coping capacity. It may also result from a mismatch between job
demands and the individual’s capabilities, resources, or needs [9]. Occupational stress has been associated with
adverse psychological outcomes, including anxiety, depression, and emotional exhaustion [10]. In the context of the
platform economy, ride-hailing drivers face multiple occupational pressures. These include algorithmic management,
real time performance ratings, income instability, uncertain workloads, and job insecurity [4,11,12]. Such factors may
increase work demands and reduce perceived control over work. As a result, ride-hailing drivers have gradually
emerged as a new high risk occupational group in research on occupational stress.

The rapid development of the digital platform economy has led to substantial growth in ride-hailing work [13].
While this employment model offers flexible work opportunities, its unique characteristics pose significant threats
to drivers’ physical and mental health [4]. Such characteristics include extended driving hours, high levels of
uncertainty, frequent social interactions, and constant performance pressure. Among these factors, extended
working hours are considered a key occupational health risk. Long working hours may not only contribute to
WMSDs but are also associated with occupational stress [14]. However, the existing evidence focuses primarily
on traditional professional drivers, such as taxi and truck drivers. Research on the occupational health of workers
in the emerging platform economy remains relatively limited [11]. In particular, few studies have examined the
co-occurrence of WMSDs and occupational stress among ride-hailing drivers. Moreover, the association between
long working hours and this joint outcome has not yet been systematically studied.

To address this research gap, the present study examines the associations between long working hours,
WMSDs and occupational stress among ride-hailing drivers in Beijing. It also examines the association between
long working hours and the co-occurrence of WMSDs and occupational stress. The study aims to provide a basis
for developing occupational health interventions for ride-hailing drivers, thereby promoting improvements in the
occupational health of the emerging workforce.

2. Methods
2.1. Participants

A cross-sectional study was conducted among ride-hailing drivers in Beijing, China, from August to October
2024. The Beijing Municipal Federation of Trade Unions allocates free physical examination slots based on the
proportion of ride-hailing drivers in each district. Each district randomly selects eligible drivers to undergo
physical examinations at the Beijing Rehabilitation Hospital. The study recruited participants who voluntarily
agreed to complete a questionnaire during the physical examination period. The inclusion criteria were: (1)
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Possession of a Beijing ride-hailing driver qualification certificate with current full-time or part-time engagement
in ride-hailing operations; (2) Ages 18 to 60. The exclusion criteria were: (1) A history of diagnosed
musculoskeletal disorders that could independently account for musculoskeletal symptoms (e.g., bursitis, carpal tunnel
syndrome, epicondylitis, or meniscal injury) or orthopedic trauma (e.g., neck, shoulders, back, hips, lower limbs, knees,
or feet); (2) Refusal to provide complete work hour records; (3) Individuals with hearing/speech impairments unable to
complete the survey. For criterion (1), exclusion was applied only when the anatomical site affected by the previous
disorder or trauma corresponded to the site of the currently reported musculoskeletal symptoms.

A total of 690 ride-hailing drivers voluntarily participated in the survey. Two were excluded due to
incomplete questionnaire responses, and 20 were excluded because they met the predefined musculoskeletal
disorder or trauma criterion. Finally, 668 participants were included in the analysis, representing 96.8% of the
initial sample. The study protocol was approved by the Medical Ethics Committee of the Beijing Institute of
Occupational Disease Prevention and Control (Approval No. C2024005). All participants provided written
informed consent. The participant recruitment and exclusion process is shown in Figure 1.

Participants recruited during the study
period (August-October 2024)
n=690

§

Excluded (n =22)

Incomplete questionnaires (n = 2)
Previous musculoskeletal disorder or
orthopedic trauma meeting

the predetined exclusion

criterion (n = 20)

4

Included in the final analysis
n =668

Figure 1. Flow diagram of participant recruitment and exclusion.

2.2. Questionnaire

Data were collected through face to face interviews conducted by standardized training interviewers, who
recorded participants’ responses. The questionnaire collected sociodemographic information and information on
health related behaviors. Sociodemographic information included gender, age (<45 years and >45 years), ethnicity
(Han and Other), household registration type (urban and rural), educational level (junior high school and below,
high school and vocational high school and Associate’s degree or higher), and monthly personal income (<6000
RMB, 6001-10,000 RMB, and >10,000 RMB). Health related behaviors included sleep status (insufficient sleep
and adequate sleep), dietary diversity score (DDS), smoking, alcohol consumption, and physical activity (regular
and irregular). Daily sleep duration <7 h was defined as insufficient sleep, and >7 h as adequate sleep. DDS was
calculated based on the number of food categories consumed, with 1 point assigned per category for a total score
ranging from 1 to 9. In the present study, DDS < 5 was defined as insufficient dietary diversity, and DDS > 5 was
defined as adequate dietary diversity [15,16]. Smoking at least one cigarette per day was defined as smoking.
Drinking alcohol at least once a month was defined as alcohol consumption. Physical activity lasting >30 min at
least once per week was classified as regular physical activity. Weekly working hours were based on the average
self-reported working hours since the participant began the job. Working hours referred to actual driving time and
did not include break times. Participants were divided into two groups: working <55 h per week and working >55
h per week. Drivers who accurately reported 55 h per week were included in the >55 h per week group.

2.3. Long Working Hours

Based on the WHO/ILO Joint Estimates, >55 h per week was used as the threshold for long working hours [17].
A previous study among transportation industry workers in Beijing also used >55 h per week as the highest
working-hour category [18]. Therefore, to ensure consistency with international standards and improve
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comparability with previous studies, long working hours were defined as an average of >55 h per week. Weekly
working hours were categorized into two groups: <55 h/week and >55 h/week. The 55 h/week threshold was used as
an operational benchmark rather than a biological or workforce-specific safe/unsafe boundary. The <55 h/week
category was used as the reference group and did not necessarily represent normal, short, or low-risk working hours.

2.4. WMSDs

WMSDs were assessed using the NMQ. It is a widely used international standardized instrument for assessing
musculoskeletal symptoms in different body regions [19]. This scale has been translated into Chinese and has
shown acceptable reliability and validity in occupational populations [20]. The operational case definition was
adapted from case definitions previously used in National Institute for Occupational Safety and Health health
hazard evaluations. A participant was classified as having self reported WMSDs if at least one of the nine body
regions met all of the following criteria: (1) symptoms have been present for the past year; (2) symptoms began
after starting the current job; (3) no history of musculoskeletal disorders or orthopedic trauma (affecting the
location of symptoms); (4) symptoms occur every month or last for more than 7 days [21].

Musculoskeletal symptoms during the previous 12 months were assessed in nine body regions: neck,
shoulder, upper back, lower back (lumbar), elbow, wrist/hand, hip/thigh, knee, and ankle/foot. WMSDs were
identified based on self reported symptoms rather than clinical diagnosis. Although participants with pre-existing
musculoskeletal disorders and major orthopaedic trauma (affecting the location of symptoms) were excluded, some
musculoskeletal symptoms attributable to non-occupational causes may still have been classified as WMSDs. This
may have led to an overestimation of the prevalence. Conversely, a healthy-worker effect may also have occurred,
as drivers with more severe symptoms may have reduced their working hours or left driving work. This could have
led to an underestimation of the observed associations between occupational exposures and WMSDs. Therefore,
these two sources of bias may have affected different aspects of the findings and in different directions.

2.5. Occupational Stress

Occupational stress was assessed using the JCQ. This is a standardized measurement tool widely used
internationally to evaluate psychosocial factors in the workplace and occupational stress [22]. The Chinese version
of this scale has been translated and has previously demonstrated acceptable reliability and factorial validity in
Chinese occupational populations [23].

The study used the Chinese version of the JCQ, which has been validated in previous research, to assess the
occupational stress experienced by ride-hailing drivers since they began working in this field. The JCQ comprises
three dimensions with 22 items: Job Demands (5 items), Job Control (9 items), and Social Support (8 items). Each
item was rated on a 4-point Likert scale ranging from 1 to 4, with response options reflecting the frequency or
degree of the situation described in each item. Negatively keyed items were reverse scored before calculating the
corresponding dimension scores. Specifically, item 6.3 (“having enough time to complete the work™) in the job
demands dimension and item 6.11 (“highly repetitive work™) in the job control dimension were reverse-scored (1 = 4,
2=13,3=2,and 4 = 1). In the current sample, the Cronbach’s alpha coefficient for the JCQ total scale was 0.80. The
Kaiser-Meyer-Olkin (KMO) value was 0.781, and Bartlett’s test of sphericity was statistically significant (p < 0.001).
Subscale specific reliability and factor structure were not re-evaluated in the present sample. The score for
dimension was calculated as follows:

Y item scores within the dimension

Dimension score= - — - -
number of items within the dimension

The Job Strain Index (JSI) was calculated as follows:
_ Job Demands
~ Job Control
JSI>1 was used as an operational indicator of occupational stress in the present study. This threshold reflects
relatively high job demands in relation to job control and was not interpreted as a clinical diagnostic cutoff.

JSI

2.6. Covariates

Covariates were selected based on previous studies and their potential roles as confounding factors. They
included gender, age, ethnicity, household registration type, educational level, monthly personal income, sleep
patterns, DDS, smoking, alcohol, and physical activity [18,24]. The definitions and classifications of each variable
are described in Section 2.2.
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2.7. Statistical Analysis

Data entry was performed using EpiData version 3.1 (EpiData Association, Odense, Denmark). Statistical
analyses were conducted using IBM SPSS Statistics, version 24.0 (IBM Corp., Armonk, NY, USA). Categorical
variables were presented as frequencies and percentages [n (%)]. Differences between groups were examined using
the chi-square (y?) test. When appropriate, post-hoc pairwise comparisons were performed with Bonferroni
correction. Multivariable binary logistic regression analyses were conducted to assess the associations among long
working hours, occupational stress, and WMSDs.

Three models with increasing levels of covariate adjustment were fitted. For the analysis of WMSDs, Model
1 included weekly working hours and occupational stress as independent variables. For the analysis of occupational
stress, Model 1 included weekly working hours and WMSDs as independent variables. Model 2 was adjusted for
sociodemographic characteristics, including gender, age, ethnicity, household registration type, educational level,
and monthly personal income. Model 3 was further adjusted for lifestyle-related factors, including sleep patterns,
DDS, smoking, alcohol, and physical activity. The mutually adjusted associations between occupational stress and
WMSDs were interpreted as cross-sectional associations and not as evidence of temporal or causal relationships.

For the joint-outcome analysis, participants were classified into three mutually exclusive categories: 0
conditions, defined as neither occupational stress nor WMSDs; 1 condition, defined as either occupational stress
or WMSDs but not both; and 2 conditions, defined as the co-occurrence of occupational stress and WMSDs.
Multinomial logistic regression was used to examine the association between weekly working hours and the three
category joint outcome, with 0 conditions as the reference category. The model was adjusted for the predefined
sociodemographic and health related covariates. Subgroup analyses were conducted using the same adjustment
strategy. Each subgroup model was adjusted for all predefined covariates except the corresponding stratification
variable. Formal interaction tests were not performed, and no correction for multiple comparisons was applied to
the subgroup analyses. Therefore, these analyses were considered exploratory. Formal assessments of
multicollinearity, overall model fit, sparse-cell or separation issues, and assumptions specific to multinomial
logistic regression were not performed. All tests were two-sided, with p < 0.05 considered statistically significant.

3. Results
3.1. Demographic Characteristics, Working Hours, WMSDs, and Occupational Stress

Table 1 presents the characteristics of the 668 ride-hailing drivers. Most participants were male (90.9%) and
of Han ethnicity (96.1%). Participants aged <45 years accounted for 53.3% of the sample, and 70.4% had rural
household registration. Only 19.9% had an associate’s degree or higher. A total of 44.6% of participants reported
amonthly personal income of 6001-10,000 RMB, and 34.4% reported an income >10,000 RMB. Insufficient sleep
was reported by 29.9% of participants, and 71.7% had a DDS score >5. Smokers and alcohol drinkers accounted
for 46.9% and 34.1%, respectively. Regular physical activity was reported by 35.8% of participants. A total of 520
participants (77.8%) worked >55 h per week. The prevalence of WMSDs and occupational stress was 53.0% and
56.4%, respectively. WMSDs prevalence differed significantly by alcohol consumption (p =0.008) and physical activity
(p < 0.001). WMSDs were more common among alcohol drinkers and participants with irregular physical activity.
Occupational stress differed significantly by household registration type (p = 0.002), educational level (» = 0.001),
sleep pattern (p = 0.002), physical activity (p = 0.001), and weekly working hours (p <0.001). Occupational stress
was more common among participants working >55 h per week than among those working <55 h per week (64.0%
vs. 29.7%). In contrast, WMSDs prevalence did not differ significantly between the two working-hour groups
(54.2% vs. 48.6%, p = 0.230).

Table 1. Prevalence of WMSDs and occupational stress across demographic characteristics.

Characteristics Total [n (%)] nW(I\ojiDs I ’?::/:l)p ational St;ess
Total 668 (100) 354 (53) 377 (56.4)
Sex 0.856 0.511
Male 607 (90.9) 321 (52.9) 345 (56.8)
Female 61(9.1) 33 (54.1) 32 (52.5)
Age (years) 0.918 0.427
<45 356 (53.3) 188 (52.8) 206 (57.9)
>45 312 (46.7) 166 (53.2) 171 (54.8)
Ethnicity 0.130 0.500
Han 642 (96.1) 344 (53.6) 364 (56.7)
Other 26 (3.9) 10 (38.5) 13 (50.0)
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Table 1. Cont.

Characteristics Total [1 (%)] nW(I\O’/[SDs 7 ’?ff/::)p ational St;ess

Household registration type 0.489 0.002 **
Urban 198 (29.6) 109 (55.1) 94 (47.5)
Rural 470 (70.4) 245 (52.1) 283 (60.2)

Level of education 0.517 0.001 **
Junior high school and below 289 (43.3) 160 (55.4) 183 (63.3)*
High School and Vocational High School 246 (36.8) 124 (50.4) 136 (55.3) 2P
Associate’s degree or higher 133 (19.9) 70 (52.6) 58 (43.6)°

Monthly personal income (RMB) 0.122 0.471
<6000 140 (21.0) 73 (52.1) 76 (54.3)
6001-10,000 298 (44.6) 147 (49.3) 176 (59.1)
>10,000 230 (34.4) 134 (58.3) 125 (54.3)

Sleep patterns 0.175 0.002 **
Lack of sleep 200 (29.9) 114 (57.0) 131 (65.5)
Adequate sleep 468 (70.1) 240 (51.3) 246 (52.6)

DDS 0.587 0.954
<5 189 (28.3) 97 (51.3) 107 (56.6)
>5 479 (71.7) 257 (53.7) 270 (56.4)

Smoking 0.521 0.076
Yes 313 (46.9) 170 (54.3) 188 (60.1)
No 355 (53.1) 184 (51.8) 189 (53.2)

Alcohol 0.008 ** 0.381
Yes 228 (34.1) 137 (60.1) 134 (58.8)
No 440 (65.9) 217 (49.3) 243 (55.2)

Physical activity <0.001 *** 0.001 **
Regular 239 (35.8) 101 (42.3) 114 (47.7)
Irregular 429 (64.2) 253 (59.0) 263 (61.3)

Weekly working hours (hours) 0.230 <0.001 ***
<55 148 (22.2) 72 (48.6) 44 (29.7)
>55 520 (77.8) 282 (54.2) 333 (64.0)

Note: Overall p values were calculated using the chi-square test. Post-hoc pairwise comparisons were conducted using
Bonferroni correction. Different superscript letters indicate significant differences between groups (p < 0.05), whereas the same
letters indicate no significant differences. A group with two letters (e.g., a,b) was not significantly different from groups sharing
either letter. ** p <0.01, *** p <0.001.

3.2. Weekly Working Hours and WMSDs

Table 2 shows the associations of weekly working hours and occupational stress with WMSDs. In Model 1,
participants working >55 h per week did not have significantly higher odds of WMSDs than those working <55 h
per week (OR = 1.05, 95% CI. 0.72—1.55). The association remained non-significant after adjustment for
demographic and socioeconomic factors in Model 2 (OR=1.12,95% CI: 0.74—1.68). Similar results were observed
after further adjustment for lifestyle-related factors in Model 3 (OR = 1.12, 95% CI: 0.74-1.70).

Occupational stress was significantly associated with WMSDs. In Model 1, participants with occupational stress
had higher odds of WMSDs than those without occupational stress (OR = 1.66, 95% CI: 1.21-2.29). The association
remained significant in Model 2 (OR = 1.67, 95% CI: 1.20-2.32) and Model 3 (OR = 1.56, 95% CI: 1.11-2.18).

Table 2. Associations of weekly working hours and occupational stress with WMSDs.

Variables Model 1 Model 2 Model 3
Working hours

<55 Ref. Ref. Ref.

>55 1.05 (0.72, 1.55) 1.12 (0.74, 1.68) 1.12 (0.74, 1.70)
Occupational stress

No Ref. Ref. Ref.

Yes 1.66 (1.21,2.29) ** 1.67 (1.20, 2.32) ** 1.56 (1.11, 2.18) **

Note: Model 1 is the baseline model, which includes only two variables: weekly working hours and occupational stress; Model 2
adjusts Model 1 by incorporating gender, age, ethnicity, household registration type, educational level, and monthly personal income;
Model 3 further adjusts Model 2 by incorporating sleep patterns, DDS, smoking, alcohol, and physical activity. ** p <0.01.
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3.3. Weekly Working Hours and Occupational Stress

Table 3 shows the associations of weekly working hours and WMSDs with occupational stress. Participants
working >55 h per week had higher odds of occupational stress than those working <55 h per week in Model 1
(OR = 4.18, 95% CI: 2.81-6.23). The association remained significant after adjustment for demographic and
socioeconomic factors in Model 2 (OR = 3.84, 95% CI: 2.52-5.86). It also remained significant after further
adjustment for lifestyle related factors in Model 3 (OR = 3.99, 95% CI: 2.59-6.13).

WMSDs were also significantly associated with occupational stress. The OR was 1.66 (95% CI: 1.21-2.29)
in Model 1 and 1.67 (95% CI: 1.20-2.32) in Model 2. After further adjustment in Model 3, the association remained
significant (OR = 1.56, 95% CI: 1.11-2.18).

Table 3. Associations of weekly working hours and WMSDs with occupational stress.

Variables Model 1 Model 2 Model 3
Working hours

<55 Ref. Ref. Ref.

>55 4.18 (2.81, 6.23) *** 3.84 (2.52, 5.86) *** 3.99 (2.59, 6.13) ***
WMSDs

No Ref. Ref. Ref.

Yes 1.66 (1.21,2.29) ** 1.67 (1.20, 2.32) ** 1.56 (1.11,2.18) **

Note: Model 1 is the baseline model, which includes only two variables: weekly working hours and WMSDs; Model 2 adjusts
Model 1 by controlling for gender, age, ethnicity, household registration type, educational level, and monthly personal income;
Model 3 further adjusts Model 2 by controlling for sleep patterns, DDS, smoking, alcohol consumption, and physical activity.
** p<0.01, *** p <0.001.

3.4. Weekly Working Hours and Co-Occurrence of Occupational Stress and WMSDs

Table 4 shows the associations between weekly working hours and the number of conditions present.
Participants with neither occupational stress nor WMSDs were used as the reference outcome group. Irregular
physical activity was associated with higher odds of having one condition (aOR = 2.43, 95% CI: 1.60-3.68) and
of having both conditions (aOR = 2.76, 95% CI: 1.75—4.38). Compared with participants working <55 h per week,
those working >55 h per week had higher odds of having one condition (aOR = 1.95, 95% CI: 1.21-3.14). They
also had higher odds of having both occupational stress and WMSDs (aOR = 4.64, 95% CI: 2.57-8.36). The point
estimate was numerically larger for two conditions than for one condition. No statistically significant associations
were observed for gender, age, ethnicity, household registration type, educational level, monthly personal income,
sleep pattern, DDS, smoking, or alcohol consumption.

Table 4. Associations between weekly working hours and the number of conditions (occupational stress and
WMSDs) among ride-hailing drivers in Beijing.

Number of Conditions Present

Variables 1 Condition, 20R (95% CI) 2 Condition, aOR (95% CI)
Sex
Male Ref. Ref.
Female 1.16 (0.56, 2.42) 1.39 (0.62, 3.15)
Age(years)
<45 Ref. Ref.
>45 0.92 (0.59, 1.42) 0.96 (0.60, 1.54)
Ethnicity
Han Ref. Ref.
Other 1.03 (0.39, 2.73) 0.57 (0.17, 1.95)

Household registration type

Urban
Rural

Level of education
Junior high school and below
High School and Vocational High
School
Associate’s degree or higher

Ref.
0.64 (0.38,1.07)
Ref.
0.92 (0.57, 1.48)
0.65 (0.35, 1.20)

Ref.
0.72 (0.40, 1.27)
Ref.
0.73 (0.44, 1.21)
0.61 (0.31, 1.21)
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Variables

Number of Conditions Present

1 Condition, aOR (95% CI)

2 Condition, aOR (95% CI)

Monthly personal income (RMB)
<6000

Ref.

Ref.

6001-10,000 0.89 (0.52, 1.52) 0.85(0.47, 1.53)

>10,000 1.07 (0.61, 1.90) 1.00 (0.53, 1.87)
Sleep patterns

Lack of sleep Ref. Ref.

Adequate sleep 1.04 (0.65, 1.66) 0.66 (0.40, 1.06)
DDS

<5 Ref. Ref.

>5 0.85(0.54, 1.35) 0.63 (0.38, 1.04)
Smoking

Yes Ref. Ref.

No 1.05 (0.68, 1.62) 0.80 (0.50, 1.28)
Alcohol

Yes Ref. Ref.

No 0.88 (0.56, 1.37) 0.73 (0.45, 1.18)
Physical activity

Regular Ref. Ref.

Irregular 2.43 (1.60, 3.68) *** 2.76 (1.75, 4.38) ***

Weekly working hours (hours)
<55
>55

Ref.
1.95(1.21,3.14) **

Ref.
4.64 (2.57, 8.36) ***

Note: The reference outcome category was 0 conditions (neither occupational stress nor WMSDs). One condition indicates the
presence of either occupational stress or WMSDs, but not both, whereas two conditions indicate the co-occurrence of
occupational stress and WMSDs. Estimates are presented as adjusted odds ratios (aORs) with 95% confidence intervals (CIs).
** p<0.01, *** p <0.001.

3.5. Subgroup Analyses of Weekly Working Hours and Co-Occurrence of Occupational Stress and WMSDs

Table 5 presents exploratory subgroup analyses of the association between weekly working hours and the
number of conditions present. The models were adjusted for the covariates included in the fully adjusted model,
except for the corresponding stratification variable. Among male participants, working >55 h per week was associated
with higher odds of having one condition (aOR = 1.76, 95% CI: 1.06-2.92) and both conditions (aOR = 3.78, 95%
CI: 2.05-6.95). For co-occurrence, significant associations were observed in both age groups: among participants
aged <45 years (aOR = 5.79, 95% CI: 2.58—-12.99) and among those aged >45 years (aOR = 3.39, 95% CI: 1.41-5.13).
Significant associations with co-occurrence were also observed in several other subgroups, including participants
with rural household registration, lower educational attainment, adequate sleep, DDS >5, non-smokers, and non-
drinkers. Some subgroup estimates were large and had wide confidence intervals. Some estimates could not be
obtained in subgroups with small sample sizes. Therefore, these findings should be interpreted cautiously.

Table 5. Subgroup analyses of the association between weekly working hours and the number of conditions
(occupational stress and WMSDs) among ride-hailing drivers in Beijing.

Number of Conditions Present

Variables

1 Condition,
aOR (95% CI)

2 Condition,
aOR (95% CI)

Sex
Male (n = 607)
Female (n =61)
Age (years)
<45 (n=356)
>45 (n=1312)
Ethnicity
Han (n = 642)
Other (n = 26)
Household registration type
Urban (n = 198)
Rural (n =470)

1.76 (1.06, 2.92) *

2.67 (1.38, 5.14) **
1.38 (0.66, 2.86)

1.88 (1.16, 3.06) *

1.48 (0.69, 3.16)
2.48 (1.33, 4.65) **

3.78 (2.05, 6.95) ***

5.79 (2.58, 12.99) **x
3.39 (1.41, 5.13) **

4.62 (2.55, 8.40) ***

3.56 (1.45, 8.78) **
5.99 (2.71, 13.26) ***
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Table 5. Cont.

Number of Conditions Present

Variables 1 Condition, 2 Condition,
a0OR (95% CI) aOR (95% CI)

Level of education

Junior high school and below (n = 289) 3.76 (1.55,9.11) ** 6.26 (2.32, 16.88) ***

High School and Vocational High School (n = 246) 1.15(0.51, 2.57) 2.33(0.90, 6.03)

Associate’s degree or higher (n = 133) 1.77 (0.72, 4.38) 12.82 (3.21, 51.22) ***
Monthly personal income (RMB)

<6000 (n = 140) 2.33(0.82, 6.63) 2.55(0.73, 8.83)

6001-10,000 (1 = 298) 1.99 (0.95, 4.15) 3.21(1.35,7.63) **

>10,000 (1 = 230) 1.82 (0.73, 4.58) 19.21 (4.88, 75.56) ***
Sleep patterns

Lack of sleep 0.95 (0.34, 2.67) 2.68 (0.85, 8.43)

(n = 200) . .34, 2. . .85, 8.

Adequate sleep s sk

(n = 468) 2.47(1.41,4.33) 5.43 (2.65, 11.13)
DDS

<5 (n=189) 2.84 (0.94, 8.55) 3.40 (0.94, 12.29)

>5 (n = 479) 1.92 (1.11, 3.30) * 5.15 (2.64, 10.03) ***
Smoking

Yes (n=313) 1.15 (0.56, 2.37) 1.98 (0.88, 4.45)

No (n=355) 2.91 (1.50, 5.65) ** 12.04 (4.55, 31.87) ***
Alcohol

Yes (n=228) 0.75 (0.27, 2.06) 1.38 (0.45, 4.20)

No (n = 440) 2.89 (1.63, 5.12) *** 8.22 (3.87, 17.49) ***
Physical activity

Regular (n = 239) 2.00 (0.94, 4.25) 5.73 (2.03, 16.23) **

Irregular (n = 429) 1.88 (0.98, 3.62) 4.66 (2.17, 10.02) ***

Note: Adjusted for gender, age, ethnicity, household registration type, level of education, monthly personal income, sleep patterns,
DDS, smoking, alcohol, and physical activity, except for the corresponding stratification variable. The reference outcome category
was 0 conditions (neither occupational stress nor WMSDs). One condition indicates the presence of either occupational stress or
WMSDs, but not both, whereas two conditions indicate the co-occurrence of occupational stress and WMSDs. A dash (-)
indicates that the estimate could not be obtained because of insufficient sample size. * p < 0.05, ** p <0.01, *** p <0.001.

3.6. Prevalence of Occupational Stress and WMSDs by Weekly Working Hours

Figure 2 shows the distribution of the number of conditions according to weekly working hours. Overall,
23.7% of participants had neither condition, 43.3% had one condition, and 33.1% had both occupational stress and
WMSDs. Among participants working <55 h per week, 37.8% had neither condition, compared with 19.6% among
those working >55 h per week. This difference was statistically significant. The prevalence of co-occurrence was
also significantly different between the groups. It was 16.2% in the <55 h group and 37.9% in the >55 h group.
The prevalence of one condition was similar between the two groups (45.9% vs. 42.5%).

B Total
<55 h/wk
80
> 55 hiwk
<0.001"

5 601 1 459 <0.001"

<

w

=)

=

S 404

=

=

S

~ 204

0 1 2

Number of conditions present

Figure 2. Prevalence of occupational stress and WMSD co-occurrence status among ride-hailing drivers according
to weekly working hours. The categories 0, 1, and 2 indicate neither condition, either occupational stress or
WMSDs, and both occupational stress and WMSDs, respectively. Bars represent the prevalence in the overall
sample and among drivers working <55 and >55 h per week. Asterisks indicate statistically significant differences
between the two working-hour groups (* p < 0.001).
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4. Discussion

The study systematically analyzed the relationship between long working hours, WMSDs and occupational
stress among ride-hailing drivers in Beijing. Overall, 77.8% of the drivers worked >55 h per week. The prevalence
of WMSDs and occupational stress was 53.0% and 56.4%, respectively. These findings indicate a substantial
burden of long working hours, physical and psychological health problems among ride-hailing drivers. Weekly
working hours >55 h were significantly associated with higher odds of occupational stress, but no independent
association was observed with WMSDs. Long working hours were also associated with the co-occurrence of
occupational stress and WMSDs. The point estimate for the two-condition category was numerically larger than
that for the one-condition category. Figure 2 showed that the prevalence of co-occurrence was 37.9% among
drivers working >55 h per week, compared with 16.2% among those working <55 h per week. The proportion of
drivers without either condition was also significantly lower in the >55 h group (19.6% vs. 37.8%).

After adjusting for demographic, socioeconomic, and behavioral factors, long working hours remained
significantly associated with occupational stress among ride-hailing drivers. Several mechanisms may explain this
association. Long working hours increase work demands and reduce opportunities for rest, sleep, and
psychological recovery. This may lead to individuals being in a state of continued resource depletion and thereby
disrupting the balance between work demands and coping resources [25]. According to the Job Demand—Control
model, high job demands combined with low job control may contribute to occupational stress [26]. Ride-hailing
drivers may also face pressures related to algorithmic management, real-time order allocation, passenger ratings,
income instability, and occupational uncertainty [11]. These factors may increase psychological strain and reduce
perceived control over work. Previous studies have also linked long working hours with poorer mental health and
greater psychological stress [27,28]. Inadequate recovery, burnout, and an unfavorable psychosocial work
environment may further contribute to these effects [29,30]. Therefore, occupational stress among ride-hailing
drivers may reflect the combined influence of long working hours, high job demands, insufficient recovery, limited
work autonomy, and platform-based management.

Unlike occupational stress, long working hours were not significantly associated with WMSDs after
adjustment for potential confounders. Drivers working >55 h per week had slightly higher odds of WMSDs, but
the association was not statistically significant in the adjusted models. One possible explanation is that WMSDs
among ride-hailing drivers may reflect multiple ergonomic and occupational exposures. These may include
prolonged driving and sitting, awkward postures, inadequate seat ergonomics, insufficient rest breaks, whole-body
vibration, and road conditions. These factors were not directly measured in this study. Their contribution therefore
remains uncertain. Incomplete measurement of these exposures may also have resulted in residual confounding
and may have attenuated the observed association between long working hours and WMSDs. Previous studies
suggest that WMSDs are influenced by multiple occupational factors rather than by a single exposure. Shockey et
al. reported that low back pain among U.S. workers was associated with physical, psychosocial, and organizational
factors [31]. Psychosocial work factors may also contribute to WMSDs in addition to biomechanical exposures
[32]. Future studies should combine objective ergonomic assessments with measures of the psychosocial work
environment. This may help clarify the relative contributions of long working hours and ergonomic exposures to
WMSDs among ride-hailing drivers.

Long working hours were associated with both the one-condition category and the co-occurrence of
occupational stress and WMSDs. The point estimate was numerically larger for the co-occurrence category.
Compared with drivers working <55 h per week, those working >55 h per week had 1.95 times the odds of having
one condition (aOR = 1.95, 95% CI: 1.21-3.14) and 4.64 times the odds of having both conditions (aOR = 4.64,
95% CI: 2.57-8.36). The point estimate was numerically larger for co-occurrence than for one condition alone.
These findings suggest that long working hours may be associated with the co-occurrence of occupational stress
and WMSDs. However, the difference between these estimates was not formally tested. Therefore, the findings
should not be interpreted as evidence of a biological gradient or cumulative process. Few studies have examined
the co-occurrence of WMSDs and occupational stress among ride-hailing drivers. Existing evidence suggests that
precarious employment, high work intensity, and psychosocial stressors may contribute to both musculoskeletal
and mental health problems [33,34].

A strength of the study is that it simultaneously examined the relationships between long working hours,
occupational stress, and WMSDs, as well as the co-occurrence of occupational stress and WMSDs, within the
same population. This provides a more comprehensive assessment of the association between long working hours
and the physical as well as mental health of ride-hailing drivers. Furthermore, the analyses were adjusted for
potential confounding factors, including demographic characteristics, socioeconomic factors, and lifestyle. These
adjustments strengthened the robustness of the findings. Nevertheless, the study has several limitations. First, the
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cross-sectional design does not establish temporal or causal relationships. Reverse causation cannot be excluded.
For example, occupational stress may be associated with WMSDs, while musculoskeletal symptoms may also
increase perceived occupational stress. Second, working hours, occupational stress, WMSDs, and several
covariates were self-reported. This may have introduced recall and reporting bias. In addition, the assessment
periods for occupational stress and WMSDs were not fully aligned, which may have introduced temporal
misclassification. Third, some lifestyle factors included in the fully adjusted model, such as sleep and physical
activity, may partly lie on the causal pathway. Therefore, some degree of overadjustment cannot be excluded.
Finally, participants were recruited from a single hospital in Beijing during health examinations, and female drivers
were underrepresented. This may have introduced selection bias and may limit the generalizability of the findings.
Future multicenter prospective studies incorporating objective working-hour records and more representative
samples are warranted to minimize potential bias and enhance the external validity of the findings.

5. Conclusions

The study found that long working hours, WMSDs, and occupational stress were common among ride-hailing
drivers in Beijing. Weekly working hours >55 h were significantly associated with higher odds of occupational
stress and with the co-occurrence of occupational stress and WMSDs. However, no independent association was
observed between long working hours and WMSDs alone. The co-occurrence of WMSDs and occupational stress
underscores the need for integrated occupational health interventions for ride-hailing drivers. Regular screening
for musculoskeletal symptoms and occupational stress, combined with appropriate ergonomic and mental health
support, may help reduce the burden of co-occurring health problems. Policies and workplace practices should
promote reasonable working hours, adequate rest, and healthier working conditions.
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