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Objective: To examine the associations of smartphone addiction, physical activ-
ity, and sedentary time with sleep quality and neck/shoulder symptoms during the 
previous 7 days in university students, and to assess the potential modifying role 
of physical activity in outcomes associated with smartphone addiction.
Methods: A cross-sectional survey was conducted among 585 students from a 
single university in Jilin Province, China. Smartphone addiction, physical activity, 
sedentary time, sleep quality, and neck/shoulder symptoms were assessed using 
validated questionnaires. Multivariable linear regression and Poisson regression 
with robust variance were used to examine adjusted associations and interaction 
terms.
Results: Of the participants, 43.8% were classified as having poor sleep, and 
46.2% reported at least one neck/shoulder symptoms during the previous 7 days. 
After adjustment for covariates, higher smartphone addiction and longer sed-
entary time were both associated with higher PSQI scores, a higher prevalence 
of poor sleep, and a higher prevalence of neck/shoulder symptoms during the 
previous 7 days. Meeting physical activity recommendations was associated 
with lower PSQI scores and a lower prevalence of poor sleep, but showed no 
independent association with neck/shoulder symptoms. After further adjust-
ment for PSQI, smartphone addiction, sedentary time, and PSQI score were still 
significantly associated with a higher prevalence of neck/shoulder symptoms. 
Interaction plots showed descriptively lower predicted PSQI scores and lower 
predicted probabilities of neck/shoulder symptoms among students who met 
physical activity recommendations at comparable levels of smartphone addic-
tion; however, the formal interaction terms were not statistically significant.
Conclusion: Smartphone addiction and sedentary time were consistently asso-
ciated with poorer sleep quality and more frequent neck/shoulder symptoms. 
Physical activity was more consistently associated with sleep outcomes than 
with neck/shoulder symptoms. These findings support considering smartphone 
use, sedentary behaviour, physical activity, and sleep management together in 
campus health promotion research.
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1 Introduction

University students may experience multiple health-related 
challenges, including sleep problems, prolonged sedentary behav-
iour, and musculoskeletal discomfort. Current epidemiological evi-
dence indicates that the overall detection rate of sleep disturbance 
among Chinese university students has reached 25.7% (1), while the 
global prevalence of insomnia symptoms among undergraduates is 
close to 50% (2). At the same time, university students spend 
approximately 7.29 h/day sedentary on average representing a rela-
tively high level of sedentary behaviour among young adults. 
Musculoskeletal problems also warrant attention. Data from the 
Global Burden of Disease (GBD) 2021 study indicate that approxi-
mately 203 million people worldwide were living with neck pain in 
2020, and this number is projected to rise to 269 million by 2050 (3, 
4). In university students, the risk factors for neck pain have become 
increasingly clear. Insufficient physical activity, prolonged use of 
electronic devices, sustained neck flexion, late sleeping, a history of 
neck or shoulder injury, female sex, and senior academic standing 
have all been associated with increased risk, with particularly strong 
associations observed for insufficient physical activity, prolonged 
head-down posture, and prior injury (5). In campus settings 
increasingly shaped by screen-based learning and sedentary life-
styles, impaired sleep and neck/shoulder musculoskeletal discom-
fort should be regarded as health problems of clear preventive 
relevance in university populations, rather than as isolated or occa-
sional individual complaints.

In research on student health, smartphone addiction, particu-
larly smartphone application-based addictive symptoms, has gradu-
ally emerged as a behavioural exposure of concern, although 
measurement tools and diagnostic thresholds remain inconsistent 
across studies (6). With respect to sleep outcomes, the epidemiologi-
cal evidence is relatively consistent: excessive smartphone use is 
stably associated with poorer sleep quality, and longer daily use is 
linked to a higher risk of adverse sleep outcomes (7). This pattern 
has also been observed in university populations. A study of Chinese 
university students based on objective smartphone-use records 
found that students with smartphone addiction had a substantially 
higher risk of poor sleep and correspondingly shorter nocturnal 
sleep duration (8). At the same time, physical activity is not merely 
an independent factor outside this relationship. Studies in university 
samples suggest that physical activity may be related to the associa-
tion between smartphone addiction and sleep quality, and that 
smartphone addiction may also be involved in the broader behav-
ioural relationship between physical activity and sleep quality (9, 
10). By comparison, the evidence linking smartphone use to muscu-
loskeletal outcomes has accumulated more slowly. Nonetheless, 
available studies have shown that excessive smartphone use is associ-
ated with an increased risk of neck pain (11), and among university 
students it coexists with neck and upper-extremity pain and func-
tional limitation (12). To date, most studies have focused separately 
on either sleep or neck pain, and evidence remains limited for the 
joint examination of physical activity, sedentary behaviour, sleep 

quality, and neck/shoulder symptoms within a single analytical 
framework.

Regarding neck/shoulder symptoms, the current evidence 
base is dominated by epidemiological findings on neck pain. 
Studies in adults suggest that sedentary exposure is associated 
with an increased risk of neck pain, and this association appears 
to be more pronounced in university students (13). Further evi-
dence indicates a dose–response pattern, whereby longer seden-
tary time is associated with higher neck pain risk, with particularly 
evident associations for smartphone-related sedentary behaviour 
(14). In university students, insufficient physical activity, late 
sleeping, prolonged use of electronic devices, sustained neck flex-
ion, and a history of neck or shoulder injury have all been associ-
ated with neck pain (5). Longitudinal follow-up studies further 
suggest that poorer sleep quality and insufficient physical activity 
predict subsequent neck pain (15). Together, these findings indi-
cate that smartphone-related behaviours, physical activity, seden-
tary behaviour, sleep, and neck/shoulder symptoms are not 
isolated from one another, but are more likely embedded within 
the same lifestyle-related risk structure. However, most existing 
studies remain limited to single exposure-single outcome models 
or pairwise associations, and evidence remains scarce for simul-
taneously examining these factors within a unified analytical 
framework in university students.

Guided by a campus lifestyle-related health framework, smart-
phone addiction, sedentary behaviour, physical activity, sleep 
quality, and neck/shoulder symptoms were considered as inter-
related but not causally ordered components of student health 
(Supplementary Figure S1). Smartphone addiction was considered 
relevant to sleep because it may co-occur with bedtime screen 
exposure and reduced sleep opportunity; sedentary behaviour was 
treated as distinct from insufficient physical activity because stu-
dents may meet physical activity recommendations while still 
spending prolonged time sitting; and sleep quality and neck/
shoulder symptoms were examined together because discomfort, 
fatigue, and recovery-related factors may co-occur in daily stu-
dent life.

Based on this framework, the present cross-sectional study 
examined the associations of smartphone addiction (In this man-
uscript, the term “smartphone addiction” is used consistently to 
refer to smartphone application-based addictive symptoms mea-
sured by the SABAS, and should not be interpreted as a formal 
clinical diagnosis), physical activity, and sedentary behaviour with 
sleep quality and neck/shoulder symptoms, and tested whether the 
associations between smartphone addiction and these outcomes 
differed by physical activity status. We hypothesised that higher 
smartphone addiction and longer sedentary time would be associ-
ated with poorer sleep quality and more frequent neck/shoulder 
symptoms, whereas meeting physical activity recommendations 
would be associated with more favourable sleep-related outcomes. 
Given the cross-sectional design, this study was intended to iden-
tify association patterns rather than infer causal or temporal 
relationships.
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2 Materials and methods

2.1 Study design and setting

This cross-sectional survey was conducted at a single university in 
Jilin Province, China, from December 2025 to February 2026. Data 
were collected using a standardised structured questionnaire admin-
istered on campus to assess smartphone addiction, physical activity, 
sedentary behaviour, sleep quality, and neck/shoulder symptoms 
among university students. The study was conducted at one university 
only, and no participants were recruited from other universities or 
provinces. Therefore, the sample should be regarded as an institution-
based convenience sample rather than a representative sample of 
Chinese university students. The manuscript was prepared and 
reported in accordance with the basic requirements of the 
Strengthening the Reporting of Observational Studies in Epidemiology 
(STROBE) statement (16).

2.2 Participants and sampling

Eligible participants were undergraduate and postgraduate students 
enrolled at the study university during the survey period who were able 
to understand and complete the questionnaire independently, reported 
regular smartphone use on most days during the previous month, and 
provided complete data on the main study variables. To minimise the 
influence of overt physical conditions on the assessment of musculoskel-
etal symptoms and sleep, students were excluded if they had experienced 
an acute neck/shoulder injury or undergone related surgery recently, or 
if they self-reported severe neurological disease, rheumatic or autoim-
mune disease, or other serious physical illness that might substantially 
affect musculoskeletal symptoms or sleep status.

Participants were recruited using non-probability convenience 
cluster sampling at the class level. Classes were selected according to 
fieldwork accessibility rather than random sampling, and no sampling 
weights were applied. All students present in the selected classes were 
invited to participate voluntarily. A total of 630 students were 
approached, of whom 597 returned questionnaires, yielding a ques-
tionnaire return rate of 94.8%. After excluding 12 questionnaires with 
missing data on key variables, 585 students were included in the final 
analysis, corresponding to a valid questionnaire rate of 92.9% among 
approached students and 98.0% among returned questionnaires.

A complete-case analysis strategy was used because only 12 
returned questionnaires were excluded for missing key variables. 
Multiple imputation was not applied because the proportion of miss-
ing data was small and the missingness involved variables required for 
the prespecified primary models. Because this was a convenience-
sampled cross-sectional survey, no formal a priori sample size calcula-
tion was conducted. The sample size was determined pragmatically by 
the classes accessible during the survey period and by the number of 
students available during on-site recruitment; it was not intended as a 
census of all eligible students at the university. The final sample size 
was considered adequate for the planned multivariable models, given 
the number of participants with poor sleep and neck/shoulder symp-
toms and the number of covariates included in the models.

2.3 Data collection procedures

Data were collected using paper-based questionnaires adminis-
tered during uniformly organised class sessions or designated 

group-completion periods. Before distributing the questionnaires, 
researchers explained the study purpose, completion requirements, 
principles of anonymity, and the voluntary nature of participation. 
Participants proceeded to the formal questionnaire only after reading 
the informed consent information and confirming their agreement to 
participate. Questionnaires were completed independently by the stu-
dents and collected on site. No directly identifiable personal informa-
tion, such as names, student numbers, or contact details, was collected.

2.4 Measures

2.4.1 Smartphone addiction, physical activity, and 
sedentary behaviour

Smartphone addiction was assessed using the Chinese version of 
the Smartphone Application-Based Addiction Scale (SABAS-CV) 
(17). The scale comprises six items rated on a 6-point Likert scale, with 
each item scored from 1 to 6, yielding a total score ranging from 6 to 
36. Higher scores indicate more pronounced smartphone application-
related addictive symptoms. To complement this measure with infor-
mation on daily smartphone-use behaviour, the questionnaire also 
recorded average smartphone use on weekdays and weekends, 
expressed as hours/day. In the present study, the SABAS-CV showed 
good internal consistency, with a Cronbach’s α of 0.876.

Physical activity and sedentary behaviour were assessed using the 
Global Physical Activity Questionnaire (GPAQ). Following the stan-
dard GPAQ analytic protocol, moderate- to vigorous-intensity physi-
cal activity across work, transport, and leisure domains was summed. 
Moderate-intensity activity was assigned 4.0 metabolic equivalents 
(METs) and vigorous-intensity activity 8.0 METs to calculate total 
physical activity volume (MET-min/week). In accordance with the 
World Health Organization recommendations for adult physical 
activity, participants accumulating at least 600 MET-min/week were 
classified as meeting physical activity recommendations (meet_pa_
guideline), whereas those below this threshold were classified as not 
meeting the recommendations. Sedentary behaviour was assessed 
using the GPAQ item on time spent sitting or reclining on a typical 
day, converted to hours/day, and analysed as a continuous variable 
(18, 19).

2.4.2 Sleep quality and neck/shoulder symptoms

Sleep quality was assessed using the PSQI. We used PSQI > 7 as 
the primary cut-off because this threshold has been commonly used 
in Chinese populations and provides a conservative definition of 
poor sleep. To address the potential influence of cut-off selection, 
PSQI > 5 was further examined in sensitivity analyses. This instru-
ment evaluates sleep over the previous month across subjective 
sleep quality, sleep latency, sleep duration, sleep efficiency, sleep 
disturbances, use of sleep medication, and daytime dysfunction, 
with total scores ranging from 0 to 21. Higher scores indicate 
poorer sleep quality (20, 21). In this study, the PSQI total score 
(psqi_total) was analysed as a continuous outcome. In addition, 
based on the commonly used Chinese cut-off, a PSQI total score > 
7 was defined as poor sleep for binary analyses, consistent with 
common practice in Chinese students.

Neck/shoulder symptoms were assessed using relevant items from 
the Nordic Musculoskeletal Questionnaire (NMQ) (22, 23). Because 
the NMQ assesses the neck and shoulders as separate anatomical 
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regions, neck/shoulder symptoms were first extracted separately. For 
the primary analysis, these two regions were combined into a compos-
ite neck/shoulder symptoms variable because they are anatomically 
adjacent upper-body regions and symptoms in these areas may co-
occur in screen-based study and smartphone-use contexts. 
Participants reporting pain, soreness, discomfort, numbness, or 
related symptoms in either the neck or shoulder during the previous 
7 days were classified as having any neck/shoulder symptoms in the 
previous 7 days. To describe the anatomical distribution of musculo-
skeletal discomfort, symptom information for different body regions 
over the previous 7 days and previous 12 months was also compiled 
for supplementary analyses of symptom reporting by body site.

2.4.3 Covariates

Covariates were selected a priori before statistical analysis on the 
basis of previous literature, study hypotheses, and potential confound-
ing factors, and were included to control for the possible influence of 
demographic characteristics, recent health behaviours, and underlying 
health status on the primary associations, rather than being intro-
duced post hoc according to model results. Covariates included sex, 
age, academic year, and body mass index (BMI), the latter calculated 
from self-reported weight (kg) divided by height squared (m2). Age 
and BMI were treated as continuous variables, sex as a binary variable, 
and academic year was categorised as first year, second year, third year, 
fourth year, and postgraduate or above.

Smoking and alcohol consumption during the previous 30 days 
were also included to reflect recent health behaviours; both were 
classified on the basis of self-report as never, occasional, or fre-
quent. Chronic disease status and history of neck/shoulder injury 
were additionally included as health-related covariates and were 
both coded as yes/no variables. All covariates were self-reported 
and entered into the regression models according to a prespecified 
coding scheme.

2.5 Statistical analysis

Sample characteristics were first described. Continuous variables 
were presented as mean ± standard deviation or median (interquartile 
range), depending on their distribution, and categorical variables as 
counts and percentages. Group comparisons were stratified by poor 
sleep and by any neck/shoulder symptoms during the previous 7 days. 
Normally distributed continuous variables were compared using 
independent-samples t-tests, skewed variables using the Wilcoxon 
rank-sum test, and categorical variables using the Pearson χ2 test; 
Fisher’s exact test was used when expected cell counts were too small 
to satisfy the assumptions of the χ2 test. Internal consistency of the 
SABAS-CV was evaluated by calculating Cronbach’s α across the six 
SABAS items among participants included in the final ana-
lytic sample.

To examine the independent associations between the main 
exposures and outcomes, three multivariable regression models 
were constructed. Model 1 used multivariable linear regression 
with PSQI total score as the dependent variable. Model 2 used 
Poisson regression with robust variance with poor sleep as the 
dependent variable. Model 3 also used Poisson regression with 
robust variance, with any neck/shoulder symptoms during the pre-
vious 7 days as the dependent variable. Because the binary 

outcomes were not rare in this study, Poisson models with robust 
variance were used to estimate prevalence ratios (PRs) and their 
95% confidence intervals (CIs) directly. All multivariable models 
included the prespecified covariates of sex, age, academic year, 
BMI, smoking during the previous 30 days, alcohol consumption 
during the previous 30 days, chronic disease, and history of neck/
shoulder injury. Model 3 further included PSQI total score to assess 
the associations of smartphone addiction, physical activity, and 
sedentary behaviour with neck/shoulder symptoms independently 
of sleep quality. Linear regression results are reported as β coeffi-
cients with 95% CIs, and Poisson regression results as PRs with 95% 
CIs (23, 24).

For interaction analyses, a product term between SABAS total 
score and meeting physical activity recommendations was added 
to the relevant regression models to test whether the associations 
of smartphone addiction with sleep quality or neck/shoulder 
symptoms differed by physical activity status. The coefficient, 95% 
CI, and p value for the interaction term were reported. For the 
robust Poisson model, the exponentiated interaction coefficient 
was reported as the PR for interaction. These interaction analyses 
were interpreted as tests of statistical effect modification only, 
rather than as evidence of causal moderation or buffering. 
Interaction plots of predicted PSQI total scores and predicted 
probabilities of neck/shoulder symptoms were then generated on 
the basis of model estimates. Two sensitivity analyses were con-
ducted using the same modelling strategies and covariate adjust-
ment schemes as the primary analyses. First, poor sleep was 
redefined as PSQI > 5 instead of PSQI > 7. Second, the musculo-
skeletal outcome was redefined as any neck/shoulder symptoms 
during the previous 12 months instead of the previous 7 days. To 
address the potential loss of information from dichotomising 
physical activity, additional analyses were conducted using alter-
native physical activity specifications. Total physical activity 
volume was analysed as a continuous variable per 1,000 MET-
min/week, as quartiles, and with an exploratory quadratic term. 
Data management, statistical analyses, and figure generation were 
performed in R version 4.4.1. Benjamini–Hochberg FDR correc-
tion was applied to the 12 prespecified primary tests, including 
the main exposure–outcome associations and the two SABAS total 
score × physical activity interaction terms. Poisson model stability 
was assessed using model convergence, outcome events per esti-
mated coefficient, sparse-cell checks, and collapsed smoking/alco-
hol sensitivity analyses.

2.6 Timeframe differences between 
instruments

In this study, sleep quality was assessed using the PSQI, which 
evaluates sleep over the previous 30 days, whereas musculoskeletal 
symptoms were assessed using the NMQ, which evaluates symptoms 
over the previous 7 days. We chose these validated instruments with 
their original recall periods to maintain psychometric reliability and 
comparability with prior studies.

2.7 Ethics statement

This study involved human participants and was approved by the 
Medical Ethics Committee of the Second Hospital of Jilin University 
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[Approval No. (2025) 412]. All participants provided informed con-
sent before participation. Participation was voluntary, and participants 
were informed that they could withdraw at any time. The survey was 
conducted anonymously using paper-based questionnaires, and no 
directly identifiable personal information, such as names, student 
numbers, telephone numbers, or contact details, was collected. All 
data were used only for scientific research and were treated 
confidentially.

3 Results

3.1 Participant characteristics

Of the 597 returned questionnaires, 12 were excluded because 
of missing key variables; therefore, all analyses were based on 585 
complete cases (Table 1). The mean age of the sample was 
20.46 ± 1.66 years, 57.4% were female, and the mean body mass 
index (BMI) was 22.16 ± 3.37 kg/m2. Mean smartphone use was 
4.52 ± 1.68 h/day on weekdays and 5.96 ± 2.24 h/day on week-
ends. The mean Smartphone Application-Based Addiction Scale 
(SABAS) total score was 21.22 ± 7.23. The median total physical 
activity volume assessed by the Global Physical Activity 
Questionnaire (GPAQ) was 1200.0 (560.0, 2380.0) MET-min/
week, corresponding to a median total physical activity time of 
258.0 (120.0, 476.0) min/week. Mean sedentary time was 
7.51 ± 1.99 h/day. The mean Pittsburgh Sleep Quality Index 
(PSQI) total score was 7.36 ± 3.15, 43.8% of participants were 
classified as having poor sleep, and 46.2% reported at least one 
neck/shoulder symptoms during the previous 7 days. Overall, 
smartphone use and sedentary exposure were common in this 
sample, and sleep problems and neck/shoulder discomfort were 

also highly prevalent, providing a basis for the subsequent associa-
tion analyses.

3.2 Comparison by sleep quality

When stratified by sleep quality, the poor-sleep group showed a 
less favourable behavioural and health profile (Table 2). Compared 
with the better-sleep group, students with poor sleep had higher levels 
of smartphone addiction, longer smartphone use on both weekdays 
and weekends, lower overall physical activity, and a markedly lower 
prevalence of meeting physical activity recommendations (60.9% vs. 
83.6%). They also had significantly longer sedentary time and a sub-
stantially higher prevalence of any neck/shoulder symptoms during 
the previous 7 days (61.7% vs. 34.0%). The proportion of female was 
also higher in the poor-sleep group. By contrast, age, BMI, academic 
year, smoking, alcohol consumption, chronic disease, and history of 
neck/shoulder injury did not differ significantly between the 
two groups.

3.3 Comparison by neck/shoulder 
symptoms

When stratified by the presence of any neck/shoulder symptoms 
during the previous 7 days, the symptomatic group likewise exhibited 
a less favourable behavioural and health profile (Table 3). Compared 
with the asymptomatic group, these students had higher SABAS total 
scores, longer smartphone use on both weekdays and weekends, 
longer sedentary time, lower GPAQ total physical activity volume, 
and a lower prevalence of meeting physical activity recommendations 
(67.8% vs. 78.7%). They also had higher PSQI total scores, a markedly 
greater prevalence of poor sleep (58.5% vs. 31.1%), and a higher pro-
portion of female. Age, BMI, academic year, history of neck/shoulder 
injury, smoking, alcohol consumption, and chronic disease did not 
differ significantly between the two groups.

3.4 Multivariable linear regression for PSQI 
total score

After adjustment for sex, age, academic year, BMI, smoking, 
alcohol consumption, chronic disease, and history of neck/shoul-
der injury, multivariable linear regression showed that higher 
smartphone addiction and longer sedentary time were indepen-
dently associated with higher PSQI total scores, whereas meeting 
physical activity recommendations was associated with lower 
PSQI total scores (Table 4). Specifically, each 1-point increase in 
SABAS total score was associated with a 0.163-point increase in 
PSQI total score (95% confidence interval [CI] 0.129 to 0.198; 
p < 0.001); each additional 1 h/day of sedentary time was associ-
ated with a 0.427-point increase in PSQI total score (95% CI 0.301 
to 0.553; p < 0.001); and students who met physical activity rec-
ommendations had PSQI total scores that were, on average, 1.344 
points lower than those who did not (95% CI -1.805 to −0.882; 
p < 0.001). In addition, female had higher PSQI total scores than 
male (β = 0.557, 95% CI 0.131 to 0.983; p = 0.010). Model fit was 
good, with an R2 of 0.437 and an adjusted R2 of 0.421. No statisti-
cally significant associations were observed for the remaining 
covariates.

TABLE 1  Characteristics of the study participants.

Variable Result

Age, years 20.46 ± 1.66

Height, cm 165.80 ± 7.61

Weight, kg 61.28 ± 12.33

Body mass index, kg/m2 22.16 ± 3.37

Smartphone use on weekdays, h/day 4.52 ± 1.68

Smartphone use on weekends, h/day 5.96 ± 2.24

Smartphone Application-Based 

Addiction Scale total score
21.22 ± 7.23

Global Physical Activity 

Questionnaire total physical activity, 

MET-min/week

1200.0 (560.0, 2380.0)

Total physical activity time, min/

week
258.0 (120.0, 476.0)

Sedentary time, h/day 7.51 ± 1.99

Pittsburgh Sleep Quality Index total 

score
7.36 ± 3.15

Data are presented as mean ± standard deviation or median (interquartile range).

https://doi.org/10.3389/fpubh.2026.1848640
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Yue et al.� 10.3389/fpubh.2026.1848640

Frontiers in Public Health 06 frontiersin.org

3.5 Robust Poisson regression for poor 
sleep

After adjustment for sex, age, academic year, BMI, smoking, 
alcohol consumption, chronic disease, and history of neck/shoul-
der injury, Poisson regression with robust variance showed that 
higher smartphone addiction and longer sedentary time were 

associated with a higher prevalence of poor sleep, whereas meet-
ing physical activity recommendations was associated with a lower 
prevalence of poor sleep (Table 5). Specifically, each 1-point 
increase in SABAS total score was associated with a 5.5% higher 
prevalence of poor sleep (prevalence ratio [PR] 1.055, 95% CI 
1.039 to 1.071; p < 0.001); each additional 1 h/day of sedentary 
time was associated with a 13.0% higher prevalence of poor sleep 

TABLE 2  Comparison of characteristics by sleep quality.

Variable Overall (N = 585) Good sleep 
(N = 329)

Poor sleep (N = 256) p value

Age, years 20.46 ± 1.66 20.43 ± 1.67 20.50 ± 1.64 0.618

Body mass index, kg/m2 22.16 ± 3.37 22.18 ± 3.23 22.14 ± 3.54 0.886

Smartphone Application-Based 

Addiction Scale total score

21.22 ± 7.23 18.14 ± 6.24 25.17 ± 6.47 <0.001

Global Physical Activity 

Questionnaire total physical activity, 

MET-min/week

1200.0 (560.0, 2380.0) 1592.0 (832.0, 2924.0) 888.0 (295.0, 1648.0) <0.001

Sedentary time, h/day 7.51 ± 1.99 6.72 ± 1.74 8.52 ± 1.83 <0.001

Smartphone use on weekdays, h/day 4.52 ± 1.68 4.04 ± 1.65 5.13 ± 1.53 <0.001

Smartphone use on weekends, h/

day

5.96 ± 2.24 5.34 ± 2.12 6.75 ± 2.13 <0.001

Female, n (%) 336 (57.4%) 172 (52.3%) 164 (64.1%) 0.004

Meeting physical activity 

recommendations, n (%)

431 (73.7%) 275 (83.6%) 156 (60.9%) <0.001

Any neck/shoulder symptom (past 

7 days), n (%)

270 (46.2%) 112 (34.0%) 158 (61.7%) <0.001

Data are presented as mean ± standard deviation, median (interquartile range), or number (percentage).

TABLE 3  Comparison of characteristics by neck/shoulder symptoms (past 7 days).

Variable Overall (N = 585) No symptoms 
(N = 315)

Any symptoms 
(N = 270)

p value

Age, years 20.46 ± 1.66 20.41 ± 1.61 20.53 ± 1.72 0.38

Body mass index, kg/m2 22.16 ± 3.37 22.33 ± 3.22 21.96 ± 3.53 0.184

Smartphone Application-Based 

Addiction Scale total score

21.22 ± 7.23 19.06 ± 6.59 23.73 ± 7.15 <0.001

Global Physical Activity 

Questionnaire total physical 

activity, MET-min/week

1200.0 (560.0, 2380.0) 1416.0 (672.0, 2884.0) 1004.0 (442.0, 1787.0) <0.001

Sedentary time, h/day 7.51 ± 1.99 6.88 ± 1.83 8.24 ± 1.92 <0.001

Smartphone use on weekdays, h/

day

4.52 ± 1.68 4.15 ± 1.56 4.94 ± 1.72 <0.001

Smartphone use on weekends, h/

day

5.96 ± 2.24 5.46 ± 2.06 6.54 ± 2.30 <0.001

Pittsburgh Sleep Quality Index 

total score

7.36 ± 3.15 6.40 ± 2.85 8.49 ± 3.12 <0.001

Female, n (%) 336 (57.4%) 167 (53.0%) 169 (62.6%) 0.02

Meeting physical activity 

recommendations, n (%)

431 (73.7%) 248 (78.7%) 183 (67.8%) 0.003

Poor sleep (PSQI > 7), n (%) 256 (43.8%) 98 (31.1%) 158 (58.5%) <0.001
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(PR 1.130, 95% CI 1.074 to 1.189; p < 0.001); and students who 
met physical activity recommendations had a 25.8% lower preva-
lence of poor sleep than those who did not (PR 0.742, 95% CI 
0.628 to 0.877; p < 0.001). In addition, female had a higher preva-
lence of poor sleep than male (PR 1.242, 95% CI 1.032 to 1.496; 
p = 0.022). No statistically significant associations were found for 
the remaining covariates.

3.6 Robust Poisson regression for neck/
shoulder symptoms

After further inclusion of PSQI total score in the model, while 
also adjusting for sex, age, academic year, BMI, smoking, alcohol 
consumption, chronic disease, and history of neck/shoulder 
injury, SABAS total score, sedentary time, and PSQI total score 
remained independently associated with a higher prevalence of 

neck/shoulder symptoms during the previous 7 days (Table 6). 
Specifically, each 1-point increase in SABAS total score was asso-
ciated with a 1.9% higher prevalence of neck/shoulder symptoms 
(PR 1.019, 95% CI 1.003 to 1.034; p = 0.019); each additional 1 h/
day of sedentary time was associated with a 10.3% higher preva-
lence (PR 1.103, 95% CI 1.047 to 1.161; p < 0.001); and each 
1-point increase in PSQI total score was associated with a 4.9% 
higher prevalence (PR 1.049, 95% CI 1.016 to 1.083; p = 0.003). By 
contrast, meeting physical activity recommendations was not sig-
nificantly associated with neck/shoulder symptoms (PR 0.970, 
95% CI 0.811 to 1.159; p = 0.736). None of the remaining covari-
ates reached statistical significance.

3.7 Prevalence of musculoskeletal 
symptoms by body site

As shown in Figures 1A,B, musculoskeletal symptoms were 
concentrated primarily in the neck, shoulder, and back regions. 
During the previous 7 days, the shoulder and neck were the most 
commonly affected sites, with prevalences of 30.8 and 28.9%, 
respectively, followed by the lower back and upper back. Over the 
previous 12 months, this pattern was even more pronounced, with 
the prevalence rising to 47.4% for the neck and 41.2% for the 
shoulders; these remained the most frequently affected sites, fol-
lowed by the upper back and lower back. Compared with the 
elbow, hip/thigh, and ankle/foot, symptoms were reported more 

TABLE 4  Multivariable linear regression analysis for Pittsburgh Sleep Quality Index total score.

Variable β (95% CI) p value

Age, years −0.113 (−0.435, 

0.210)

0.492

Body mass index, kg/m2 0.047 (−0.015, 

0.110)

0.137

Chronic disease (yes vs. no) 0.150 (−0.822, 

1.123)

0.761

Alcohol use (occasional vs. 

none)

−0.311 (−0.942, 

0.320)

0.333

Alcohol use (frequent vs. 

none)

−0.223 (−0.899, 

0.453)

0.517

Academic year (2 vs. 1) −0.021 (−0.670, 

0.628)

0.95

Academic year (3 vs. 1) −0.011 (−0.843, 

0.821)

0.979

Academic year (4 vs. 1) 0.073 (−0.999, 

1.145)

0.894

Academic year (≥5 vs. 1) 0.294 (−1.415, 

2.002)

0.736

Meeting physical activity 

recommendations (yes vs. no)

−1.344 (−1.805, 

−0.882)

<0.001

History of neck/shoulder 

injury (yes vs. no)

−0.191 (−1.022, 

0.639)

0.651

Smartphone Application-

Based Addiction Scale total 

score

0.163 (0.129, 0.198) <0.001

Sedentary time (per hour/

day)

0.427 (0.301, 0.553) <0.001

Female (vs male) 0.557 (0.131, 0.983) 0.01

Smoking (occasional vs. 

none)

−0.630 (−1.467, 

0.208)

0.14

Smoking (frequent vs. none) −0.657 (−1.599, 

0.285)

0.171

TABLE 5  Poisson regression with robust variance for poor sleep (PSQI > 7).

Variable PR (95% CI) p value

Smartphone Application-

Based Addiction Scale total 

score (per 1-point increase)

1.055 (1.039, 1.071) <0.001

Meeting physical activity 

recommendations (yes vs. no)

0.742 (0.628, 0.877) <0.001

Sedentary time (per hour/day) 1.130 (1.074, 1.189) <0.001

Female (vs male) 1.242 (1.032, 1.496) 0.022

Age, years 0.962 (0.845, 1.095) 0.556

Academic year (2 vs. 1) 0.987 (0.738, 1.322) 0.933

Academic year (3 vs. 1) 1.038 (0.738, 1.461) 0.83

Academic year (4 vs. 1) 1.077 (0.690, 1.681) 0.743

Academic year (≥5 vs. 1) 1.115 (0.564, 2.204) 0.754

Body mass index, kg/m2 1.020 (0.994, 1.047) 0.128

Smoking (occasional vs. none) 0.883 (0.624, 1.249) 0.482

Smoking (frequent vs. none) 0.995 (0.609, 1.625) 0.984

Alcohol use (occasional vs. 

none)

1.037 (0.814, 1.321) 0.77

Alcohol use (frequent vs. 

none)

0.848 (0.645, 1.114) 0.236

Chronic disease (yes vs. no) 1.099 (0.810, 1.490) 0.546

History of neck/shoulder 

injury (yes vs. no)

0.940 (0.620, 1.425) 0.771

N = 585.
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frequently in the neck, shoulders, and back, indicating that mus-
culoskeletal discomfort in this population was concentrated 
mainly in the upper body, particularly the neck/shoulder/
back region.

3.8 Forest plots of adjusted associations

Figures 2A,B provide a visual summary of the adjusted associa-
tions, with overall effect directions consistent with the regression 
results. Figure 2A shows that, after controlling for relevant confound-
ers, higher smartphone addiction scores and longer sedentary time 
were positively associated with poor sleep, whereas meeting physical 
activity recommendations was negatively associated with poor sleep. 
Female also appeared more likely to have poor sleep. Figure 2B shows 
that factors associated with neck/shoulder symptoms were concen-
trated mainly in behavioural exposures and sleep status. Longer sed-
entary time, higher PSQI total score, and higher smartphone addiction 
score were all associated with a higher prevalence of neck/shoulder 
symptoms, with sedentary time and sleep showing relatively more 
stable associations. Across both forest plots, the point estimates for the 
main exposures were directionally consistent and the confidence 
intervals were relatively narrow, suggesting good stability of the model 
estimates.

3.9 Interaction between smartphone 
addiction and physical activity

The formal interaction analyses are presented in 
Supplementary Table S2. In the linear regression model for PSQI total 
score, the interaction term between SABAS total score and meeting 
physical activity recommendations was not statistically significant 
(β  = −0.004, 95% CI -0.068 to 0.060; p  = 0.895). Similarly, in the 
robust Poisson regression model for neck/shoulder symptoms during 
the previous 7 days, the interaction term was not statistically signifi-
cant (PR for interaction = 1.007, 95% CI 0.984 to 1.031; p = 0.536).

As shown in Figure 3, predicted PSQI total scores and predicted 
probabilities of neck/shoulder symptoms were descriptively lower 
among students who met physical activity recommendations at com-
parable SABAS levels. However, because the formal interaction terms 
were not statistically significant, these graphical patterns should be 
interpreted descriptively rather than as evidence that physical activity 
buffered the associations of smartphone addiction with sleep quality 
or neck/shoulder symptoms. After FDR correction, the main conclu-
sions were unchanged (Supplementary Table S4). The Poisson models 
converged successfully, showed adequate outcome events per coeffi-
cient, no major sparse-cell concern, and materially similar estimates 
after collapsing smoking and alcohol use.

3.10 Additional analyses of physical activity 
specification

Additional analyses using alternative physical activity specifica-
tions are shown in Supplementary Table S3. When total physical activ-
ity volume was analysed as a continuous variable, each additional 
1,000 MET-min/week was associated with a lower PSQI total score 
(β = −0.261, 95% CI -0.393 to −0.129; p < 0.001) and a lower preva-
lence of poor sleep (PR 0.909, 95% CI 0.846 to 0.977; p = 0.010), but 
was not significantly associated with neck/shoulder symptoms during 
the previous 7 days (PR 0.960, 95% CI 0.900 to 1.024; p = 0.215). 
Analyses using physical activity quartiles showed similar patterns: 
higher quartiles were associated with lower PSQI total scores and, for 
Q3 and Q4, a lower prevalence of poor sleep, whereas no significant 
association was observed for neck/shoulder symptoms. Exploratory 
quadratic models suggested possible non-linearity for PSQI total score 
only, but not for poor sleep or neck/shoulder symptoms. Overall, these 
analyses supported the primary finding that physical activity was more 
consistently associated with sleep outcomes than with neck/shoulder 
symptoms.

3.11 Sensitivity analyses

Sensitivity analyses using alternative outcome definitions are pre-
sented in Supplementary Table S1. When poor sleep was redefined as 
PSQI > 5, SABAS total score, sedentary time, and meeting physical 
activity recommendations remained significantly associated with poor 
sleep, consistent with the primary analysis. When neck/shoulder 
symptoms were redefined as symptoms during the previous 
12 months, SABAS total score and sedentary time remained signifi-
cantly associated with the outcome, whereas meeting physical activity 
recommendations remained non-significant. The association between 
PSQI total score and neck/shoulder symptoms was attenuated and was 
no longer statistically significant. Overall, the sensitivity analyses 

TABLE 6  Poisson regression with robust variance for neck/shoulder symptoms (past 7 days).

Variable PR (95% CI) p value

Smartphone Application-

Based Addiction Scale total 

score (per 1-point increase)

1.019 (1.003, 1.034) 0.019

Meeting physical activity 

recommendations (yes vs. no)

0.970 (0.811, 1.159) 0.736

Sedentary time (per hour/day) 1.103 (1.047, 1.161) <0.001

Pittsburgh Sleep Quality Index 

total score (per 1-point 

increase)

1.049 (1.016, 1.083) 0.003

Female (vs male) 1.142 (0.953, 1.369) 0.149

Age, years 1.005 (0.890, 1.135) 0.934

Academic year (2 vs. 1) 0.894 (0.674, 1.184) 0.434

Academic year (3 vs. 1) 0.890 (0.644, 1.229) 0.478

Academic year (4 vs. 1) 0.858 (0.567, 1.298) 0.468

Academic year (≥5 vs. 1) 0.990 (0.523, 1.872) 0.974

Body mass index, kg/m2 0.992 (0.966, 1.019) 0.544

Smoking (occasional vs. none) 1.051 (0.739, 1.495) 0.781

Smoking (frequent vs. none) 0.983 (0.634, 1.524) 0.939

Alcohol use (occasional vs. 

none)

1.065 (0.825, 1.374) 0.629

Alcohol use (frequent vs. 

none)

0.731 (0.515, 1.039) 0.081

Chronic disease (yes vs. no) 0.955 (0.668, 1.366) 0.802

History of neck/shoulder 

injury (yes vs. no)

1.328 (0.983, 1.795) 0.064

N = 585.
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FIGURE 1

Prevalence of musculoskeletal symptoms by body site during the past 7 days and the past 12 months. Prevalence was calculated using non-missing 
observations for each body site based on the Nordic Musculoskeletal Questionnaire. Panel (A) shows symptom prevalence during the past 7 days, and 
panel (B) shows symptom prevalence during the past 12 months.

FIGURE 2

Forest plots of adjusted associations of smartphone addiction, physical activity, and sedentary time with poor sleep and neck/shoulder symptoms. Panel 
(A) shows adjusted prevalence ratios for poor sleep, defined as PSQI total score > 7. Panel (B) shows adjusted prevalence ratios for any neck/shoulder 
symptoms during the past 7 days. Models were adjusted for sex, age, academic year, body mass index, smoking during the previous 30 days, alcohol 
consumption during the previous 30 days, chronic disease, and history of neck/shoulder injury. The model for neck/shoulder symptoms was 
additionally adjusted for PSQI total score. Points indicate adjusted prevalence ratios, and horizontal bars indicate 95% confidence intervals.

FIGURE 3

Interaction plots showing the joint associations of smartphone addiction and physical activity with predicted Pittsburgh Sleep Quality Index total score 
and predicted probability of neck/shoulder symptoms. Panel (A) shows predicted PSQI total scores from a linear regression model including the 
interaction term between Smartphone Application-Based Addiction Scale (SABAS) total score and meeting physical activity recommendations. Panel 
(B) shows predicted probabilities of neck/shoulder symptoms during the past 7 days from a robust Poisson regression model including the same 
interaction term. The PSQI model was adjusted for sedentary time, sex, age, academic year, body mass index, smoking during the previous 30 days, 
alcohol consumption during the previous 30 days, chronic disease, and history of neck/shoulder injury. The neck/shoulder symptoms model was 
additionally adjusted for PSQI total score. Shaded areas indicate 95% confidence bands.

https://doi.org/10.3389/fpubh.2026.1848640
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Yue et al.� 10.3389/fpubh.2026.1848640

Frontiers in Public Health 10 frontiersin.org

showed broadly similar association patterns for smartphone addiction 
and sedentary time, while the sleep–neck/shoulder symptoms associa-
tion appeared sensitive to the symptom recall period.

4 Discussion

In this study, poor sleep and neck/shoulder symptoms were com-
monly reported among university students. Higher smartphone addic-
tion and longer sedentary time were consistently associated with 
poorer sleep quality and more frequent neck/shoulder symptoms, 
whereas meeting physical activity recommendations was more clearly 
associated with sleep outcomes than with neck/shoulder symptoms. 
Although the interaction plots showed descriptively lower predicted 
outcomes among students who met physical activity recommenda-
tions, the formal interaction terms were not statistically significant; 
therefore, these graphical patterns should be interpreted descriptively 
and not as evidence of buffering or causal modification.

4.1 Smartphone addiction, physical activity, 
and sleep quality

The prevalence of poor sleep in this study was relatively high and 
was broadly consistent with the overall burden reported in meta-
analyses of sleep problems among Chinese university students and 
reviews of insomnia symptoms in undergraduate populations world-
wide (1, 2). The Smartphone Application-Based Addiction Scale 
(SABAS) total score was independently and positively associated with 
both PSQI total score and the prevalence of poor sleep. This finding is 
consistent with a meta-analysis of mobile phone addiction and sleep 
disturbance, as well as reviews showing a dose–response relationship 
between smartphone use duration and self-rated sleep quality (7, 25), 
and also accords with studies in university students based on objective 
smartphone-use records (8). Smartphone addiction should be inter-
preted as one behavioural correlate of poor sleep rather than as the 
sole explanatory factor. Poor sleep in university students may also be 
related to academic workload, psychological distress, caffeine intake, 
sleep habits, nighttime screen exposure, and other lifestyle or environ-
mental factors that were not fully measured in this study. Previous 
studies have shown that screen use in bed, particularly interactive use, 
is associated with shorter sleep duration and delayed sleep onset (26), 
and that nighttime device exposure is linked to poorer sleep out-
comes (27).

By contrast, insufficient physical activity and sedentary time did 
not relate to health outcomes in the same way. Meeting physical activ-
ity recommendations was associated with lower PSQI total scores and 
a lower prevalence of poor sleep, consistent with the broader evidence 
that higher physical activity is associated with better sleep quality in 
university populations (28). This finding is also consistent with previ-
ous evidence suggesting interrelationships among physical activity, 
stress, smartphone addiction, and sleep quality (10). Sedentary time, 
however, showed a more stable adverse association with both sleep 
and neck/shoulder symptoms. Previous meta-analyses have shown 
that prolonged sedentary time is associated with a higher risk of 
insomnia and sleep disturbance (29), and recent systematic reviews 
have likewise shown that sedentary behaviour is associated with an 
increased risk of neck pain, with risk rising as exposure duration 

increases (13, 14). These findings suggest that, in this sample, meeting 
physical activity recommendations was more consistently associated 
with sleep-related outcomes, whereas sedentary time was associated 
with both poor sleep and musculoskeletal discomfort.

4.2 Behaviour-sleep correlates of neck/
shoulder symptoms

After further adjustment for PSQI total score, smartphone addic-
tion, sedentary time, and sleep quality remained independently asso-
ciated with neck/shoulder symptoms during the previous 7 days. 
These findings suggest that neck/shoulder symptoms co-occurred 
with a broader lifestyle-related pattern involving smartphone addic-
tion, sedentary time, and sleep quality, rather than reflecting isolated 
postural exposure alone. Previous studies have identified insufficient 
exercise, prolonged use of electronic devices, sustained head-down 
posture, staying up late, and a history of neck/shoulder injury as major 
correlates of neck pain in university students (5). Primary and longi-
tudinal studies have likewise suggested that smartphone addiction, 
poor sleep quality, and insufficient physical activity are all associated 
with neck/shoulder discomfort (15, 30, 31). Accordingly, neck/shoul-
der symptoms should be interpreted as being associated with broader 
campus lifestyle factors rather than attributed solely to head-down 
posture.

Meeting physical activity recommendations was not indepen-
dently associated with neck/shoulder symptoms in the multivariable 
models (PR = 0.970), and this pattern remained after adjustment for 
PSQI. In addition, the SABAS total score × physical activity interac-
tion term was not statistically significant. Therefore, this study does 
not provide statistical evidence that physical activity independently 
protected against neck/shoulder symptoms or buffered the association 
between smartphone addiction and neck/shoulder symptoms. 
Physical activity was more consistently associated with sleep outcomes 
than with musculoskeletal symptoms. Any apparent separation in the 
interaction plots at higher SABAS levels should therefore be viewed as 
descriptive and hypothesis-generating, particularly because fewer 
observations may be available at extreme SABAS values. Previous 
studies in Chinese university students have reported interrelationships 
among physical activity, stress, smartphone addiction, and sleep qual-
ity (9, 10). In the present study, however, the formal interaction terms 
were not statistically significant, so the graphical differences in 
Figure 3 should be interpreted only as descriptive patterns. These find-
ings suggest that the relationship among smartphone addiction, physi-
cal activity, sleep, and neck/shoulder symptoms requires further 
examination in longitudinal or intervention studies. This pattern is 
broadly consistent with previous studies in Chinese university stu-
dents: exercise may moderate the association between smartphone 
addiction and sleep quality (9), and evening exercise has also been 
associated with less problematic bedtime smartphone use and lower 
levels of smartphone addiction (32). Randomized controlled trials and 
meta-analyses likewise suggest that regular exercise can reduce smart-
phone addiction (33, 34). Given the high prevalence of sedentary 
exposure among university students (35) and the continuing increase 
in the burden of neck pain (4), future campus health promotion 
research may consider coordinated strategies involving bedtime 
screen management, interrupting sedentary time between classes, 
promoting physical activity, and delivering sleep hygiene education, 
rather than focusing solely on smartphone use or posture.
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4.3 Distribution of symptom sites and 
implications for campus health promotion

The findings showed that symptoms reported during both the pre-
vious 7 days and the previous 12 months were concentrated mainly in 
the neck, shoulder, and upper back, providing a clear empirical basis 
for selecting the neck/shoulder region as the primary outcome in this 
study. This pattern is consistent with the lifestyle profile commonly 
seen in university students, in which prolonged screen-based study, 
sustained sitting, and forward head posture frequently coexist, and it 
accords with previous evidence. A meta-analysis of risk factors for neck 
pain in university students identified insufficient exercise, poor sitting 
posture, prolonged use of electronic devices, sustained head-down pos-
ture, staying up late, and a history of neck/shoulder injury as relatively 
stable correlates (5). More recent reviews further indicate a dose–
response relationship between sedentary behaviour and neck pain, 
with the strongest associations observed for smartphone-related sed-
entary exposure (14). Excessive smartphone use has also been linked 
to a higher risk of neck pain, as well as upper-extremity pain and func-
tional limitation (11, 12). Taken together, the clustered distribution 
across the neck, shoulders, and upper back is consistent with upper-
body discomfort co-occurring with screen-based study and sedentary 
routines, but does not establish a behavioural cause.

These findings suggest that future campus health promotion 
research may consider sleep hygiene, bedtime screen management, 
physical activity promotion, sedentary-time interruption, and basic 
ergonomic guidance together, rather than focusing only on smart-
phone use or posture correction.

4.4 Strengths and limitations

A key strength of this study is the use of established instruments, 
including the Chinese version of the Smartphone Application-Based 
Addiction Scale (SABAS-CV), the Global Physical Activity 
Questionnaire (GPAQ), the Pittsburgh Sleep Quality Index (PSQI), and 
the Nordic Musculoskeletal Questionnaire (NMQ), to examine sleep 
quality and neck/shoulder symptoms simultaneously within the same 
sample. By combining multivariable models with interaction analyses, 
the study also characterised the joint pattern of smartphone addiction 
and physical activity, allowing the findings to more closely reflect the 
real-world structure of health problems in university students.

Several limitations should also be acknowledged. First, the cross-
sectional design precludes determination of temporal sequence and 
causal inference. The study was also not specifically powered to detect 
small interaction effects, especially at extreme levels of smartphone 
addiction; therefore, the interaction analyses should be interpreted as 
exploratory. Therefore, the observed associations should not be inter-
preted as evidence that smartphone addiction or sedentary behaviour 
caused poor sleep or neck/shoulder symptoms, or that physical activity 
reduced these outcomes. Reverse causality is also possible, as students 
with poorer sleep quality or neck/shoulder symptoms may have been less 
physically active, spent more time sedentary, or used smartphones more 
frequently. In addition, although established instruments were used, the 
PSQI, GPAQ, and NMQ were not revalidated specifically in the present 
sample, which may affect measurement precision. All main variables 
were self-reported, which may have introduced recall bias, social desir-
ability bias, and exposure or outcome misclassification. The absence of 
objective measures, such as smartphone-use logs, accelerometry-based 
physical activity or sedentary time, actigraphy-based sleep assessment, 

or ergonomic/postural assessment, may have attenuated or exaggerated 
the observed associations. Second, the single-university convenience 
cluster sample limits representativeness and external validity. Students in 
this institution may differ from the broader population of Chinese uni-
versity students in regional context, university type, academic workload, 
campus routines, physical activity opportunities, and screen-based learn-
ing requirements. Therefore, the prevalence estimates should not be 
interpreted as national estimates, and the adjusted PRs should be viewed 
as associations within this analytic sample rather than directly generalis-
able estimates for all Chinese university students. Residual confounding 
is also possible because several relevant factors, including mental health, 
academic workload, caffeine intake, socioeconomic status, ergonomic 
conditions, and nighttime screen use, were not measured or included. In 
addition, all main variables were self-reported and collected using the 
same questionnaire, which may have introduced recall bias, social desir-
ability bias, exposure or outcome misclassification, and common method 
variance. Future studies should use multicentre samples and incorporate 
objective assessments of smartphone use, sleep, physical activity, seden-
tary behaviour, and anthropometric indicators. In addition, the primary 
NMQ outcome captured symptoms during the previous 7 days and may 
not fully reflect recurrent or chronic neck/shoulder symptoms; therefore, 
12-month neck/shoulder symptoms were examined in sensitivity analy-
ses. Overall, smartphone addiction, physical activity, sedentary behav-
iour, sleep quality, and neck/shoulder symptoms are best considered 
together within a unified campus health promotion framework.

5 Conclusion

In this single-university sample, both poor sleep and neck/shoulder 
symptoms during the previous 7 days were common. Smartphone addic-
tion and sedentary behaviour were consistently associated with poorer 
sleep quality and more frequent neck/shoulder symptoms. Meeting physi-
cal activity recommendations was more consistently associated with sleep 
outcomes than with neck/shoulder symptoms. Although the interaction 
plots showed descriptively lower predicted PSQI scores and lower pre-
dicted probabilities of neck/shoulder symptoms among students who met 
physical activity recommendations, the formal interaction terms were not 
statistically significant. Therefore, these graphical patterns should be inter-
preted descriptively rather than as evidence of statistically supported effect 
modification. These association patterns support considering smartphone 
use, sedentary behaviour, physical activity, and sleep management 
together in future campus health promotion research.
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SUPPLEMENTARY FIGURE S1

Conceptual framework linking smartphone addiction, sedentary behaviour, 
physical activity, sleep quality, and neck/shoulder symptomss. Smartphone 
addiction, sedentary behaviour, and physical activity were considered as 
behavioural factors, while sleep quality and neck/shoulder symptomss were 
considered as health outcomes. Solid lines indicate prespecified association 
tests in the multivariable models. The dashed line indicates the tested 
statistical interaction between SABAS total score and meeting physical 
activity recommendations. The framework was used to guide variable 
selection and model specification and does not imply causal or temporal 
ordering because of the cross-sectional study design. SABAS, Smartphone 
Application-Based Addiction Scale; PA, physical activity; PSQI, Pittsburgh 
Sleep Quality Index; BMI, body mass index.
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