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Abstract

This research seeks to explore the occurrence rates of smartphone dependency, levels of exercise, and signs of depression in
middle school pupils, while assessing the interactive influence of smartphone dependency and exercise on depression indicators.
Cluster sampling was applied across two middle schools located in Shanghai's Jing’an District, China. Single-variable
comparisons examined differences in depression indicator rates according to various participant traits. Multiple logistic
regression models evaluated links between smartphone dependency, exercise habits, and their interactive influence on
depression indicators.

The survey included 1,316 valid participants, revealing occurrence rates of depression indicators (36.2%), smartphone
dependency (19.2%), and low exercise engagement (23.3%). Factors elevating depression risk comprised not being an only
child (OR=1.421, 95% CI: 1.090-1.853, P=0.009), short sleep time (OR=2.722, 95% CI: 2.070-3.578, P<0.001), and smartphone
dependency (OR=2.173, 95% CI: 1.621-2.913, P<0.001). Pupils showing smartphone dependency faced higher odds of
depression indicators than those without (OR=2.173, 95% CI: 1.621-2.913, P<0.001). Interactive evaluation showed that the
coexistence of smartphone dependency and low exercise markedly raised depression risk (OR=2.781, 95% CI: 1.627-4.753,
P<0.001). Elevated rates of intense smartphone dependency, low exercise participation, and depression indicators were observed
in middle school pupils. Both smartphone dependency and low exercise were linked to greater depression likelihood.
Furthermore, greater exercise engagement seemed to buffer the harmful effects of smartphone dependency on depression
indicators.

Keywords: Adolescents, China, Smartphone addiction, Physical activity, Depressive symptoms

Introduction anxiety, depression, and poorer social adjustment [2, 3].

Studies have reported a worldwide smartphone

Over the past years, with expanding wireless connectivity
and improved smartphone features, younger people have
increasingly adopted smartphones. This shift has
highlighted smartphone dependency issues in youth.
Smartphone dependency involves uncontrolled usage
[1], causing physical problems such as headaches and
focus difficulties, alongside psychological effects like
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dependency rate of 28.3%, varying by cultural context
from 10% to 31% [4]. Rates appear higher in Eastern
cultures than in Western ones [5].

Smartphone dependency also correlates with reduced
exercise among youth worldwide [6]. This reduction
impedes healthy development and poses a major health
issue. Hallal's work indicated that more than 80% of
global youth do not reach the daily 60-minute moderate-
to-vigorous exercise recommendation [7].

These problems likely connect to youth depression.
Depression impacts around 350 million individuals
across ages globally and is projected to become the top
disease burden by 2030, challenging public health
worldwide [8]. Youth depression often precedes adult
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forms, causing lasting social and emotional damage [9].
Youth face heightened depression vulnerability from
genetic, social, and environmental influences, leading to
greater rates than in other groups. Recent evidence links
smartphone dependency and low exercise to mental
issues like anxiety and depression. Tang ef al. (2018)
found that youth and young adults with mobile
dependency showed greater emotional fragility, raising
depression risk [10]. Moreover, smartphone-dependent
individuals in Asian regions exhibited higher depression
rates than in the United States, indicating cultural and
contextual roles in how smartphone dependency and
inactivity affect youth mental health. A study of UK
youth aged 11-14 identified an inverse link between
exercise and depression indicators: adding 60 minutes of
weekly activity cut depression development risk by 8%
[11]. Kim et al. (2020) further showed that moderate-to-
vigorous exercise buffers the link between screen
exposure and depression indicators [12]. Research on
Chinese university students by Feng et al. (2014) and Wu
et al. (2015) likewise indicated elevated depression
probability and intensity in those with both smartphone
dependency and low exercise [13, 14]. Yet, limited
studies address the interactive effects of smartphone
dependency and low exercise on depression indicators,
especially in youth.

This research assessed rates of smartphone dependency,
exercise engagement, and depression indicators in
middle school pupils. It explored influences of
smartphone dependency and low exercise on depression
indicators, and whether greater exercise might lessen
smartphone dependency's negative mental health
impacts. The goal is to inform targeted strategies for
youth depression prevention.

Materials and Methods

Participants

A cross-sectional investigation occurred in Shanghai
between November and December 2023. Through cluster
sampling, researchers partnered with two middle schools
in Jing’an District, a prosperous urban area in China.
Included were pupils from junior middle years 6-8 and
senior middle years 10-11. Year 9 and 12 pupils were
omitted due to exam-related stresses. Following
informed consent from pupils and guardians, participants
completed questionnaires covering background details
independently. Height and weight data came from school
health checks. Variables like gender, age, school level,

family type, only-child status, BMI, and sleep hours
served as controls in analyses linking smartphone
dependency, exercise, and depression indicators. Of
1,327 surveyed, 1,316 yielded usable data (99.2%
validity rate).

Ethical considerations
The study complied with relevant local regulations and
institutional guidelines.

Instruments

Smartphone dependency

Smartphone dependency was measured with the short
version of the Smartphone Addiction Scale (SAS-SV),
adapted by Kwon from the original Smartphone
Addiction Scale (SAS) [15]. In 2019, Xiang et al. [16]
translated and adapted this instrument into Chinese,
testing its reliability and validity among youth, with
results confirming strong psychometric properties for
this population. Mu et al. similarly applied the Chinese
version in their research on smartphone dependency and
reported a Cronbach’s a of 0.92 [17]. The instrument
includes 10 items scored on a 6-point Likert scale (1 =
strongly disagree to 6 = strongly agree), producing total
scores between 10 and 60. Scores exceeding 32 were
classified as indicating smartphone dependency. In the
present study, the internal consistency reliability
(Cronbach’s o) was 0.920.

Exercise engagement

Exercise engagement was evaluated using the Physical
Activity Rating for Children and Youth developed by the
Chinese University of Hong Kong (CUHK-PARCY).
This tool was derived from the Jackson Activity Coding
and the Godin-Shephard Activity Questionnaire [18, 19].
It covers 11 levels of activity intensity, ranging from no
activity (0 points) to intense exercise (10 points), and has
demonstrated good validity and overall reliability. For
this research, CUHK-PARCY scores were grouped as
follows: 0-2 points signified low exercise engagement,
3—6 points indicated moderate engagement, and 7-10
points reflected high engagement [20].

Depression indicators

Depression indicators were measured with the Self-rating
Depression Scale (SDS) created by Zung, which
comprises 20 items scored on a 4-point scale (1 = none
or rare to 4 =most or all the time) [21]. The scale contains
both positively and negatively worded items; raw scores
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are summed and then multiplied by 1.25 to yield a
standard score (rounded to the nearest integer). Standard
scores above 53 denote the presence of depression
indicators. The Cronbach’s a for the SDS in this study
was 0.886.

Data analysis

Analyses were conducted using IBM SPSS version 26.0.
Chi-square tests examined differences in depression
indicators across participant characteristics. Both
univariate and multivariate binary logistic regression
models were applied to assess the independent influences
of smartphone dependency and exercise engagement on
youth depression indicators, generating odds ratios (ORs)
for various categories. To investigate the interactive
influence of smartphone dependency and exercise
engagement on depression indicators, the variables were

combined into six categories (2 smartphone dependency
levels x 3 exercise engagement levels). The group
without smartphone dependency and with high exercise
engagement was used as the reference category for
comparing depression risk across the combined groups.

Results and Discussion

Participant characteristics

Table 1 summarized the details of the 1,316 respondents,
of whom 623 (47.3%) were female and 693 (52.7
percent) were male. Depression indicators were present
in 477 participants (36.2% of the sample). Smartphone
dependency was identified in 253 participants (19.2
percent). For exercise engagement levels, the distribution
from most to least prevalent was moderate (39.1 percent),
high (37.7 percent), and low (23.3%).

Table 1. Participant characteristics and prevalence of depression indicators among middle school pupils (n=1316).

Characteristics Total n (%) Depression indicators P value x
No (n=839) n (%) Yes (n=477) n (%)
Gender 0.199 1.651
Female 623 (47.3) 386 (62.0) 237 (38.0)
Male 693 (52.7) 453 (65.4) 240 (34.6)
Age (years) 0.488 0.481
>15 654 (49.7) 423 (64.7) 231 (35.3)
<15 662 (50.3) 416 (62.8) 246 (37.2)
School type 0.508 0.439
Senior secondary school 656 (49.8) 424 (64.6) 232 (35.4)
Junior secondary school 660 (50.2) 415 (62.9) 245 (37.1)
Family structure type 0.361 0.834
Non-nuclear family 328 (24.9) 216 (65.9) 112 (34.1)
Nuclear family 988 (75.1) 623 (63.1) 365 (36.9)
Only child 0.002 9.631
No 335 (25.5) 190 (56.7) 145 (43.3)
Yes 981 (74.5) 649 (66.2) 332 (33.8)
BMI 0.084 4.95
Obesity 203 (15.4) 119 (58.6) 84 (41.4)
Overweight 263 (20.0) 160 (60.8) 103 (39.2)
Normal 850 (64.6) 560 (65.9) 290 (34.1)
Sleep duration (h) <0.001 51.583
Insufficient (<7 h) 431 (32.8) 216 (50.1) 215 (49.9)
Sufficient (>7 h) 885 (67.2) 623 (70.4) 262 (29.6)
Smartphone dependency <0.001 34.386
Dependency present 253 (19.2) 121 (47.8) 132 (52.2)
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No dependency 1063 (80.8) 718 (667.5) 345 (32.5)
Exercise engagement level 0.033 6.798
Low engagement 306 (23.3) 179 (58.5) 127 (41.5)
Moderate engagement 514 (39.1) 325 (63.2) 189 (36.8)
High engagement 496 (37.7) 335 (67.5) 161 (32.5)

Factors associated with depression indicators in middle  depression indicators relative to those with normal
school pupils weight. Key risk factors for depression indicators among
Table 2 demonstrated that higher body weight categories =~ middle school pupils included smartphone dependency
were linked to elevated odds of depression indicators. (OR=2.173, 95% CI: 1.621-2.913, P<0.001), not being
Pupils classified as overweight (OR=1.263, 95% CI: an only child (OR=1.421, 95% CI: 1.090-1.853,
0.934-1.706, P=0.129) and obese (OR=1.434, 95% CI:  P=0.009), and short sleep duration (OR=2.722, 95% CI:
1.028-2.001, P=0.034) exhibited greater likelihood of 2.070-3.578, P<0.001).

Table 2. Logistic regression analysis of factors influencing depressive symptoms (n=1,316).

Characteristics b OR (95%CI) Pvalue
Gender
1.087
Female 0.084 (0.847-1.395) 0.510
Male
Age (years)
0.722
>15 -0.325 (0.130-4.025) 0.710
<15
School type
0.767
Senior secondary school -0.265 (0.137-4.293) 0.763
Junior secondary school
Family structure type
0.868
Non-nuclear family -0.141 (0.660-1.143) 0.315
Nuclear family
The only child
1.421
No 0.351 (1.090-1.853) 0.009
Yes
BMI
1.434
Obesity 0.361 (1.028-2.001) 0.034
1.263
Overweight 0.233 (0.934-1.706) 0.129
Normal
Sleep duration (h)
2.722

Insufficient (<7) 1.001 (2.070-3.578) <0.001
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Sufficient (>7)
Smartphone addiction
2.173
Addiction 0.776 (1.621-2.913) <0.001
Non-addiction
Physical activity level
1.337
Insufficient physical activity 0.290 (0.968-1.846) 0.078
Moderate physical activity level 0183 1201 0.198

(0.909-1.586)

High physical activity level

Interaction between smartphone addiction and physical
activity on depressive symptoms

Table 3 illustrates how depressive symptom prevalence
varies according to combinations of smartphone
addiction and physical activity levels. Using the group
with no smartphone addiction and high physical activity
as the baseline: participants without smartphone
addiction but with moderate physical activity had an OR
of 1.168 (95% CI: 0.857-1.591, P = 0.325), while those
with insufficient physical activity had an OR of 1.336
(95% CI: 0.928-1.924, P = 0.119). Among participants

with smartphone addiction, the odds of depressive
symptoms increased significantly: high physical activity
group OR = 2.052 (95% CI: 1.250-3.367, P = 0.004),
moderate physical activity group OR = 2.760 (95% CI:
1.701-4.478, P < 0.001), and insufficient physical
activity group OR = 2.781 (95% CI: 1.627-4.753, P <
0.001). Notably, in the absence of smartphone addiction,
differences in depressive symptom reporting across
physical activity levels were not statistically significant
(P> 0.05, (Figure 1)).

Table 3. Participant characteristics and prevalence of depression indicators among middle school pupils (n=1316).

Smartphone  Physical Number of depressive Model 1 Model 2
addiction activity  symptoms/ total number OR (95%CI) P value OR (95%CI) Pvalue
NA HPAL 118/410 1.000 1.000
1.233 0.164 1.168
NA MPAL 140/421 (0.918-1.655) (0.857-1.591) 0.325
1.485 0.023 1.336
NA IPA 87/232 (1.056-2.088) (0.928-1.924) 0.119
2.475 <0.001 2.052
SA HPAR 43/86 (1.541-3.974) (1.250-3.367) 0.004
2.756 <0.001 2.760
SA MPAR 49/93 (1.740-4.364) (1.701-4.478) <0.001
2911 2.781
<0.001
SA IPA 40/74 0.00 <0.001

(1.757-4.823) (1.627-4.753)

NA=Non-addiction; SA= Smartphone addiction; HPAL= High physical activity level; MPAL= Moderate physical activity level; IPA= Insufficient
physical activity. Model 1 did not account for any potential confounding factors, whereas Model 2 controlled for gender, age (in years), stage of
study, family structure, whether the participant was an only child, and sleep duration.
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Combined effect of smartphone addiction and physical activity on depressive symptoms

Varnables OR{95%Cl) P

NAHPAL 1.000(ref)

NAMPAL —— 1168(0.657-1.591)  0.325
NATPA —— 1336(0928-1924)  0.119
SAHPAL e 2052(1.250-3.367) 0,004
SAMPAL # 2760(1.7014.478)  <0.001
SAIPA f # { 2781(16274753)  <0.001

0 05 1 15 2 25 3 35 4 45 5
OR

Figure 1. Interaction of smartphone addiction and
physical activity on depressive symptoms. Model 2 in
Table 3 was used, adjusting for gender, age (years),
school type, family structure, only-child status, and
sleep duration.

Adolescence is a period of rapid psychological
development, rendering individuals particularly
vulnerable to external influences that may trigger varying
levels of mental health issues. In this study, 36.2% of
participants reported depressive symptoms, considerably
higher than the 8% global prevalence reported in
previous studies on adolescent depression and the 26.3%
prevalence among Chinese adolescents [22, 23]. While
factors such as assessment tools, economic conditions,
and sociocultural context contribute, the
consistently high rate observed highlights the urgent need
to strengthen mental health interventions and adolescent
mental health care. Additionally, adolescents who were
non-only children or had insufficient sleep exhibited
significantly higher rates of depressive symptoms,
aligning with previous findings [24, 25], suggesting these
groups require focused attention as at-risk populations.

The rapid adoption of smartphones among adolescents
for communication, study, and entertainment has raised
concerns about smartphone addiction, especially given
adolescents’ still-developing self-regulation. In this
study, 19.2% of participants met criteria for smartphone
addiction. Beyond its physical consequences, including
impaired vision and disrupted sleep, smartphone
addiction contributes to psychological issues such as
anxiety, depression, and reduced social adaptability [2,
26], representing a growing global public health concern
[27]. Smartphone addiction was also identified as an
independent risk factor for depressive symptoms, with
affected adolescents reporting higher symptom levels

may

than their non-addicted peers, consistent with Park et al.
(2018) [28]. The social replacement hypothesis suggests
that excessive smartphone use may replace real-world
interactions, leading to negative emotions such as
depression [26, 29], while circadian rhythm disruptions
caused by smartphone can further impair
neuroendocrine function, increasing susceptibility to

use

depressive symptoms [30]. These findings underscore the
importance of interventions targeting adolescent
smartphone addiction, such as encouraging in-person
social interactions and providing guidance on healthy
smartphone use [31-33].

Insufficient physical activity frequently co-occurs with
smartphone addiction. In this study, 37.7% of
participants reported high physical activity, 39.1%
moderate, and 23.3% insufficient, falling short of UN
recommendations for adolescents. Physical inactivity
contributes not only to physical health issues such as
overweight and obesity but also to mental health
problems, including depressive [11].
Promoting physical activity is therefore essential for
improving both physical and mental health, and public
health initiatives should facilitate access to sports and
outdoor activities within schools and communities [34,
35].

Examining the combined influence of smartphone
addiction and physical activity, participants experiencing
both factors reported higher depressive symptom
prevalence than those with either factor alone, consistent
with prior studies [36, 37]. Adolescents with smartphone
addiction showed elevated depressive
regardless of physical activity level, suggesting that
smartphone addiction exerts a stronger negative effect
than physical inactivity, though higher physical activity
may partially buffer this impact. This may reflect the
possibility  that smartphone addiction reduces
engagement in physical activity, diminishing its
protective effects on mental health [38]. Consequently,
interventions should address both smartphone addiction
and physical Schools,
healthcare providers, and parents should implement
programs to educate adolescents about balancing
smartphone use and physical activity, encourage daily
physical exercise through team sports or outdoor
activities, and establish healthy boundaries for
smartphone use to create supportive environments that
reduce the risk of depressive symptoms.

This study fills a theoretical gap by analyzing the joint
effects of smartphone addiction and physical activity,

symptoms

symptoms

inactivity  simultaneously.
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offering practical insights for policymakers to design
comprehensive, multifaceted strategies to address rising
adolescent depression. It also identifies additional risk
factors, including non-only-child status and sleep
deprivation, highlighting the
interventions.  Considering among
behavioral and demographic factors emphasizes the
value of a holistic approach to adolescent mental health.
Limitations include the cross-sectional design, which
precludes causal inference, the restricted sample from
two schools selected via cluster sampling, which may
limit generalizability, and reliance on self-reported data
aside from height and weight, which may introduce bias.
Future research should employ longitudinal designs and
objective measurement tools to improve accuracy.

need for tailored

interactions

Conclusion

Depressive symptoms are highly prevalent among
adolescents, with smartphone addiction and insufficient
physical activity presenting significant risks. A
synergistic effect of these factors on depressive
symptoms was observed, with smartphone addiction
exerting a particularly strong influence. While increasing
physical activity can partially counteract the negative
impact of smartphone addiction, controlling smartphone
use remains Comprehensive interventions
addressing both smartphone addiction and physical
inactivity are therefore essential to effectively reduce the
occurrence and progression of depressive symptoms in
adolescents.

critical.
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