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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Objective: Sleep disturbances have become common health 

issues among adolescents. The study aims to explore (1) sleep 
problems, and (2) the association of stress and academic 
performance with sleep disturbances among Chinese senior 
high school students.

Methods: A total of 2,527 senior high school students 
participated in the study. The respondents' stress level, sleep 
quality, and sleep chronotypes were assessed using the Depression 
Anxiety and Stress Scale-21, Pittsburgh Sleep Quality Index, 
Morning and Evening Questionnaire-5, respectively. Academic 
performance was evaluated through self-report. Binary logistic 
regression was used to assess the associations between stress, 
academic performance, and sleep disturbance.

Results: The prevalence of sleep disturbances among senior 
high school students was 29.1%. After adjustments, students 
experiencing light/moderate stress showed significantly higher 
odds of sleep disturbance (OR = 1.647, 95% CI: 1.040-2.611, 
P = 0.034) compared to no stress, while those with severe/very 
severe stress exhibited even greater risk (OR = 4.494, 95% CI: 
2.143-9.425, P < 0.001). Regarding academic performance, 
both general (OR = 0.493, 95% CI: 0.375-0.649, P < 0.001) and 
good performers (OR = 0.643, 95% CI: 0.490-0.844, P = 0.001) 
showed significantly lower odds of sleep disturbance compared 
to poor performers. Significant interaction effects were observed 
among students with light/moderate stress combined with 
general (OR = 2.311, 95% CI: 1.265-4.220, P = 0.006) or good 
academic performance (OR = 2.668, 95% CI: 1.445-4.926, 
P = 0.002). Stratification by academic performance showed 
stress levels consistently linked to sleep disturbance (P < 0.05). 
However, sleep disturbance was significantly associated with 
academic performance only in students without stress (P < 0.05).

Conclusions: Sleep disturbance and stress were prevalent 
among Chinese senior high school students. Both stress and 
academic performance were associated with sleep disturbance. 
Moreover, significant interaction effects were observed among 
students with light/moderate stress combined with general or 
good academic performance. These findings suggest a need for 
personalized interventions.

Key words. Sleep disturbances, adolescents, stress, academic 
performance.
Introduction.

Sleep, an essential physiological process that occupies one-
third of human life, is fundamental for maintaining both physical 
and mental health. However, sleep disturbances have become a 

significant public health concern, severely impacting physical 
and mental well-being, though many cases can be managed 
through appropriate interventions [1,2]. The 2024 Chinese 
National Healthy Sleep White Paper reveals a worrying trend: 
among the 10,000 respondents, 81% reported experiencing 
sleep disturbance [3]. This issue is particularly severe among 
middle school students in China, whose overall sleep quality 
has shown a consistent downward trend [4]. For high school 
students, a critical phase of physical and mental development for 
adolescents, sleep disturbances are often marred by low levels 
of mental health, which in turn contribute to sleep disturbances 
[5]. The ramifications of sleep disturbances among adolescents 
are far-reaching and profound, encompassing a spectrum of 
adverse outcomes such as cognitive dysfunction [6], obesity 
[7], hypertension [2], self-injurious behaviors, and even suicidal 
ideation or tendencies [8,9]. Furthermore, sleep difficulties were 
a risk factor for high level of aggression that may place a heavy 
burden on individual families and society. Given these severe 
consequences, it is necessary to pay attention to high school 
students’ sleep problems.

Given the serious consequences of adolescent sleep 
disturbances, it is necessary to delve into their influencing 
factors, among which stress is an important one. Stress is 
characterized as a state arising from a diverse array of external 
stimuli and negative factors, which induce physical and 
psychological disarray or harm, manifesting as discomfort in 
both body and mind. In contemporary society, teenagers find 
themselves in a scenario where they face a pivotal exam every 
three years, a situation that is particularly pronounced for senior 
high school students who experience heightened academic stress 
compared to their junior high counterparts [10]. Contemporary 
high school students navigate a complex matrix of stressors 
encompassing the pressures of college preparation, academic 
stress, shifting family dynamics, peer relationship challenges, 
digital social pressures, and a dearth of physical exercise [11-
14]. These various stressors, acting directly or indirectly, 
contribute to the onset of insomnia and sleep disturbances 
among this demographic.

Besides stress, academic performance also plays a crucial 
role in influencing adolescents' sleep. Academic performance 
is a key indicator reflecting students' recent study habits and 
lifestyles, providing a comprehensive assessment of their 
overall well-being. High school students, who predominantly 
spend their time studying at school, are notably influenced by 
academic factors. Studies have shown that academic alienation 
and a low sense of achievement significantly contribute to the 
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occurrence of sleep disturbances. For instance, medical college 
students in Paris suffer from poor sleep quality, which correlates 
with their academic performance [15]. Likewise, in Norway, 
higher education students experiencing sleep difficulties 
consistently demonstrate reduced academic performance [16]. 
However, in China, few studies have explored the impact of 
stress and academic performance on sleep disturbances among 
high school students. 

Anhui Province, with a rural population accounting for 38.5% 
(China Statistical Yearbook, 2024), represents developing 
regions in Central China. Its unique socioeconomic and 
cultural context, including educational pressures and a mix of 
urban and rural environments, provides a valuable setting for 
studying the interplay between stress, academic performance, 
and sleep disturbances. Focusing on Anhui Province allows us 
to generalize findings to similar regions and address a critical 
gap in research, particularly given the lack of studies on 
Chinese high school students in developing areas. In light of 
these considerations, the objectives of this study are twofold: 
(1) to describe the current status of sleep disturbances among 
Chinese high school students, and (2) to systematically analyze 
the association between stress, academic performance, and 
sleep disturbances, while adjusting for confounding factors. By 
elucidating these relationships, we aim to provide a scientific 
basis for interventions to reduce sleep disturbances and promote 
the overall health and well-being of high school students.
Materials and Methods.

Study design and participants: This cross-sectional study 
employed a mixed-mode survey approach, utilizing both 
online and offline self-administered questionnaires to target 
high school students in Anhui Province, China. We used a 
multistage cluster sampling method to select participants. First, 
we purposively selected three geographically distinct regions 
(Southern, Central, and Northern Anhui) to capture the regional 
diversity. Second, two middle schools were randomly chosen 
from each region. Third, senior high students were stratified by 
grade level, and random cluster sampling was applied to select 
classes within each stratum, enrolling all students in the sampled 
classes. A total of 2,700 questionnaires were distributed, and 
2,682 were returned (return rate: 99.33%). After excluding 155 
non-compliant questionnaires, 2,527 senior high school students 
ultimately participated in the study (validity rate: 94.22%). 

The inclusion criteria were: (1) full-time enrollment in grades 
10-12; (2) willingness to participate; (3) ability to comprehend 
questionnaire content. The exclusion criteria were: (1) refusal 
to sign the informed consent form to participate in the study; 
(2) absence on the survey day; (3) questionnaires with >20% 
missing data. This resulted in 2,527 valid questionnaires, 
including 1,524 males (60.3%) and 1,003 females (39.7%), 
with a mean age of 16.43±1.20 years. All participants provided 
voluntary consent for anonymous data analysis. 
Study variables and measurement:

A self-administered questionnaire was designed to collect data 
across four key sections: (1) socio-demographic characteristics 
and lifestyle factors, (2) stress level, (3) sleep quality, and (4) 
sleep chronotypes.

The socio-demographic characteristics encompassed: gender, 
age, educational factors (grade, academic performance, learning 
burden), and family-related aspects (parental relationship, 
father-child relationship, mother-child relationship), as well as 
living arrangements (whether the student lived in the school). 
Academic performance was assessed with the question: “How 
would you rate your overall academic performance compared 
with classmates during the past semester? (excellent/good; 
general; poor/very poor)”. Learning burden was measured with 
the question: “How would you describe your current learning 
burden? (very light/light; general; heavy/very heavy)”. Lifestyle 
habits included smoking and alcohol consumption. Smoking 
and alcohol drinking were measured with single-item questions: 
“Do you smoke? (yes/no)”, “Do you drink alcohol? (yes/no)”.

Stress was measured using the Chinese version Depression, 
Anxiety, and Stress scale-21 (DASS-21) [17]. The stress subscale 
comprises seven items and each item is rated on a 4-point Likert 
scale from 0 (‘did not apply to me at all’) to 3 (‘applied to me 
very much or most of the time’). Total scores were calculated 
by multiplying each item score by 2 and summing the results. 
Based on total scores (0-42 points), stress symptoms were 
categorized into five levels: none (0-14 points), light (15-18 
points), moderate (19-25 points), severe (26-33 points), and 
very severe (34-42 points). The DASS-21 has demonstrated 
good reliability and validity in Chinese populations [18-20]. 
The Cronbach’s α for the stress subscale was 0.89.

Sleep quality was measured by the Pittsburgh Sleep Quality 
Index (PSQI), which evaluates sleep quality over a one-month 
period [21]. This 18-item self-report questionnaire includes 
seven dimensions: subjective sleep quality, sleep latency, sleep 
duration, habitual sleep efficiency, sleep disturbance, use of 
sleeping medication, and daytime dysfunction. The cumulative 
score of these seven dimensions forms the PSQI total score, 
with higher scores indicating poorer sleep quality. A PSQI total 
score >7 was defined as sleep disturbance [21,22]. The Chinese 
version of the PSQI is a widely used tool for screening sleep 
disorders and has shown good reliability in different populations 
in China [23-25].

Sleep chronotypes were evaluated using the Chinese version 
of the Morning and Evening questionnaire-5 (MEQ-5) [26]. 
This 5-item self-report questionnaire categorizes chronotypes 
into three types based on total scores (4-25 points): evening-
types (4-11 points), neutral-types (12-17 points), and morning-
types (18-25 points) [26]. The MEQ-5 has demonstrated good 
psychometric properties in Chinese populations and is widely 
used across different age groups [27-29].
Confounding variables selection:

The selection of confounding variables was based on prior 
epidemiological evidence and statistical considerations. Gender 
and grade were included due to their established associations 
with sleep quality and stress in adolescent populations. Learning 
burden was incorporated as it is potential modifier of stress 
and sleep patterns [12]. Family-related factors (e.g., parental 
relationships) were included based on literature suggesting their 
influence on adolescents' mental health and sleep behaviors [30-
32]. Smoking and alcohol consumption are lifestyle factors that 
can adversely affect sleep disturbances and stress levels [33]. 
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These variables were selected to minimize residual confounding 
and improve the validity of multivariate analyses.
Quality control:

Permission for this study was obtained from schools and 
students before conducting the surveys. Participants received 
both verbal and written detailed descriptions of the study and 
provided written informed consent. All selected individuals 
were informed of the purpose of the study and were assured of 
confidentiality prior to receiving the questionnaire. 

The questionnaires were administered by graduate students 
from Wannan Medical College. All investigators received 
uniform training covering the study’s purpose, significance, 
and critical procedural considerations. Prior to the survey 
administration, participants received detailed verbal and 
written descriptions of the study before obtaining their written 
informed consent. All participants were fully informed of the 
research purpose and provided written informed consent, 
which included confidentiality assurances. Trained research 
staff conducted the surveys and provided clarification when 
participants encountered comprehension difficulties. Following 
questionnaire completion, investigators verified responses to 
identify missing items or logical inconsistencies, and removed 
unqualified questionnaires.

In the online survey, we configured the web-based data 
collection system to require a response for each question, preventing 
participants from proceeding without answering. These measures 
ensured the completeness of questionnaire data, thereby enhancing 
the reliability and validity of the collected information.
Statistical analysis:

All analyses were conducted using SPSS 26.0. Quantitative 
data were presented as mean±standard deviation (SD), and 
qualitative data were presented as percentages (%). Differences 
in the prevalence of sleep disturbances among high school 
students with different demographic characteristics were 
assessed using the chi-square (χ²) test. Variables with P < 0.1 
in the univariate analysis were included in the multivariable 
logistic regression model. Multiple logistic regression analysis 
was performed to examine stress and academic performance 
associations with sleep disturbance, their interaction, and stratified 
predictor effects. Adjusted odds ratios (ORs) with 95% confidence 
intervals (CIs) were calculated for all covariates. In this study, P < 
0.05 (two-tailed) was considered statistically significant.
Results.
Participant characteristics and sleep disturbances (Tables 1 
and 2):

Of the 2,527 valid questionnaires, 60.3% (n=1,524) were 
completed by male participants. Regarding sleep chronotypes, 
13.2% (n=333) were evening-type, 69.2% (n=1,748) neutral-
type, and 17.6% (n=446) morning-type. Stress symptoms were 
reported by 17.5% of participants, classified as light/moderate 
(13.7%), severe/very severe (3.8%). 

The mean PSQI score was 6.16 ± 2.90, with a sleep disturbance 
prevalence of 29.1% (735/2,527). Among the seven dimensions 
of sleep quality, the prevalence rates, ranked from highest to 
lowest, were as follows: daytime dysfunction (58.8%), sleep 

duration < 6 hours (54.5%), poor subjective sleep quality 
(24.3%), sleep latency ≥ 30 minutes (18.6%), sleep disturbances 
(6.5%), poor habitual sleep efficiency (5.7%), and use of 
sleeping medication (1.6%). Additional details are presented in 
Tables 1 and 2.
Sleep disturbances across demographic groups (Table 2):

Students who smoked and drank alcohol had a significantly 
higher prevalence of sleep disturbance than non-smokers and 
non-drinkers (P < 0.001). Evening-type students also showed a 
higher rate than neutral- and morning- type students (P < 0.001). 
Similarly, students with poorer academic performance, heavier 
learning burden, and greater stress had a higher prevalence (P 
< 0.001). Additionally, significant differences were observed 
in factors associated with sleep disturbance, including grade, 
parental relationship, father-child relationship, and mother-
child relationship (P < 0.05).
The association of academic performance and stress with 
sleep disturbance (Table 3):

Sleep disturbance was the dependent variable (0=No; 1=Yes). 
Variables demonstrating univariate associations at P ≤ 0.10 
(Table 3) were entered into the multivariate logistic regression 
model to examine the independent effects of stress and academic 
performance. After adjusting for confounders, students 
experiencing light/moderate stress showed significantly higher 
odds of sleep disturbance (OR = 1.647, 95% CI:1.040-2.611, P 
= 0.034) compared to no stress, while those with severe/very 
severe stress exhibited even greater risk (OR = 4.494, 95% 
CI:2.143-9.425, P < 0.001). Regarding academic performance, 
both general (OR = 0.493, 95% CI:0.375-0.649, P < 0.001) and 
good performers (OR = 0.643, 95% CI:0.490-0.844, P = 0.001) 
showed significantly lower odds of sleep disturbance compared 
to poor performers.

Notably, significant interaction effects were observed, with the 
strongest stress-sleep disturbance associations occurring among 
students with light/moderate stress combined with general (OR 
= 2.311, 95% CI:1.265-4.220, P = 0.006) or good academic 
performance (OR = 2.668, 95% CI:1.445-4.926, P = 0.002). 
Complete results are presented in Table 3.
Stratified Analysis of Stress and Academic Performance 
Associations with Sleep Disturbance (Tables 4 and 5):

The stratified logistic regression analyses revealed distinct 
patterns in the associations between stress, academic 
performance, and sleep disturbance. When stratified by 
academic performance (adjusting for confounders, Table 4), 
students with general academic performance who experienced 
severe/very severe stress showed the highest risk of sleep 
disturbance (OR=10.947, 95% CI: 4.311-27.798, P<0.001). 
A clear dose-response relationship was observed across all 
academic performance levels, with increasing stress levels 
associated with progressively higher odds of sleep disturbance 
(all P < 0.05).

Conversely, when stratified by stress (adjusting for confounders, 
Table 5), academic performance was exclusively associated 
with sleep disturbance in students reporting no stress, where 
poor performers had 2.035 times higher odds (95% CI:1.544-
2.681, P < 0.001) compared to good performers. Notably, this 
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Sleep disturbances and dimensions Prevalence (%) 95% CI (%)
Subjective sleep quality 24.3 22.7~26.0
Sleep latency ≥ 30min 18.6 17.1~20.2
Sleep duration < 6h 54.5 52.5~56.4
Habitual sleep efficiency 5.7 4.8~6.6
Sleep disturbance 6.5 5.5~7.5
Use of sleeping medication 1.6 1.1~2.1
Daytime dysfunction 58.8 56.9~60.8
Total sleep disturbance 29.1 27.3~30.9

Table 1. Prevalence of Sleep Disturbances and PSQI Dimensions Among Participants (n=2,527).

Variables Group n Sleep disturbance (%) χ2 P
Gender Male 1524 422(27.7) 3.626 0.057

Female 1003 313(31.2)
Grade Senior Grade 1 843 232(27.5) 4.090* 0.043

Senior Grade 2 654 177(27.1)
Senior Grade 3 1030 326(31.7)

Parental relationship Good 1954 524(26.8) 24.274* <0.001
Normal 457 161(35.2)
Bad 116 50(43.1)

Father-child relationship Good 1880 484(25.7) 37.099* <0.001
Normal 549 211(38.4)
Bad 98 40(40.8)

Mother-child relationship Good 2118 577(27.2) 17.190* <0.001
Normal 353 139(39.4)
Bad 56 19(33.9)

Smoking Yes 130 56(43.1) 13.007 <0.001
No 2397 679(28.3)

Alcohol drinking Yes 589 217(36.8) 22.400 <0.001
No 1938 518(26.7)

Living in the school Yes 815 250(30.7) 1.473 0.225
No 1712 485(28.3)

Sleep chronotypes E-Type 333 151(45.3) 64.671 <0.001
N-Type 1748 499(28.5)
M-Type 446 85(19.1)

Academic performance Good 1068 248(23.2) 44.731* <0.001
General 919 275(29.9)
Poor 540 212(39.3)

Learning burden Light 164 37(22.6) 41.030* <0.001
General 1158 269(23.2)
Heavy 1205 429(35.6)

Stress None 2084 482(23.1) 217.674* <0.001
Light/Moderate 348 184(52.9)
Severe/Very severe 95 69(72.6)

Table 2. Associations between sleep disturbance and demographic, lifestyle, and psychosocial factors.

*: Trend χ2 test; E-Type: Evening-type; N-Type: Neutral-type; M-Type: Morning-type.
Academic performance (Good: excellent/good; poor: poor/very poor); Learning burden (light: very light/ light; heavy: heavy/very heavy).

association was attenuated and became non-significant (P > 
0.05) among students experiencing either light/moderate or 
severe/very severe stress.
Discussion.

This study investigated sleep disturbances, stress levels, and 
academic performance among Chinese senior high school 
students, revealing four key findings: (1) Chinese high school 
students exhibited a 29.1% prevalence of sleep disturbances, 

with the top two affected dimensions being daytime dysfunction 
and short sleep duration, and evening-type students showed the 
highest prevalence. (2) Stress demonstrated a graded association 
with sleep disturbance: both moderate and severe stress 
significantly elevated risk compared to no stress. Academic 
performance exhibited a protective gradient, where better 
performance correlated with reduced sleep disturbance risk. (3) 
Significant interaction effects were observed, with the strong 
stress-sleep disturbance associations occurring among students 
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Variables Group P OR(95% CI)
Stress None 1.00(reference)

Light/moderate 0.034 1.647(1.040-2.611)
Severe/very severe <0.001 4.494(2.143-9.425)

Academic performance Poor 1.00(reference)
General <0.001 0.493(0.375-0.649)
Good 0.001 0.643(0.490-0.844)

Stress×Academic performance

Stress(None)×Academic 
performance(Poor) 1.00(reference)

Stress(Light /moderate)×Academic 
performance(general) 0.006 2.311(1.265-4.220)

Stress(Light /moderate)×Academic 
performance (good) 0.002 2.668(1.445-4.926)

Stress(Severe /very 
severe)×Academic performance 
(general)

0.366 1.673(0.549-5.104)

Stress(Severe /very 
severe)×Academic performance 
(good)

0.167 2.309(0.704-7.570)

Table 3. Logistic regression analysis of sleep disturbances by stress and academic performance.

-Adjusted for sex, grade, parental relationship, father-child relationship, mother-child relationship, smoking, alcohol drinking, learning burden, 
and sleep chronotypes.

Academic performance Stress n(%) P OR(95%CI)
Good None 166(18.2) 1.00(reference)

Light/Moderate 64(48.9) <0.001 3.787(2.557-5.608)
Severe/Very severe 18(66.7) <0.001 7.520(3.246-17.422)

General None 180(23.4) 1.00(reference)
Light/Moderate 73(60.3) <0.001 4.487(2.986-6.744)
Severe/Very severe 22(78.6) <0.001 10.947(4.311-27.798)

Poor None 136(33.7) 1.00(reference)
Light/Moderate 47(49.0) 0.038 1.654(1.027-2.664)
Severe/Very severe 29(72.5) <0.001 4.374(2.057-9.303)

Table 4. Stress-sleep disturbance association by academic performance.

Stress Academic performance n(%) P OR(95%CI)
None Good 166(18.2) 1.00(reference)

General 180(23.4) 0.033 1.300(1.022-1.654)
Poor 136(33.7) <0.001 2.035(1.544-2.681)

Light/Moderate Good 64(48.9) 1.00(reference)
General 73(60.3) 0.105 1.543(0.914-2.605)
Poor 47(49.0) 0.749 0.910(0.513-1.616)

Severe/Very severe Good 18(66.7) 1.00(reference)
General 22(78.6) 0.308 1.972(0.534-7.281)
Poor 29(72.5) 0.883 1.089(0.347-3.418)

Table 5. Academic performance-sleep disturbance association by stress.
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with light/moderate stress combined with general or good 
academic performance. (4) Stratified analyses revealed a dose-
response relationship across all academic levels: higher stress 
correlated with progressively greater odds of sleep disturbance. 
Meanwhile, academic performance was associated with sleep 
disturbance among stress-free students, with no significant 
association observed in stressed students.

Using a PSQI cutoff of > 7, our study found 29.1% of Chinese 
high school students had sleep disturbances. This aligns with a 
2021 meta-analysis reporting a 28% [34] prevalence across 63 
Chinese studies (n=430,422 adolescents), but exceeds the 24.2% 
rate observed by Huang et al. [35]. Globally, a meta-regression 
of 493,475 participants from 49 countries indicated a 45.96% 
prevalence, highlighting geographic and cultural variations 
[36]. Regional differences in academic pressure [37] and school 
start times contribute to sleep disparities [38]. Conducted during 
normalized COVID-19 prevention, earlier school arrival times 
shortened sleep duration and elevated disturbance risk [39]. 
Additional risk factors include social relationships, learning 
burden, online game addiction, and parental sleep behaviors 
[35,40]. In this study, high school students primarily exhibited 
daytime dysfunction, short sleep duration, and poor subjective 
sleep quality, which align with findings that these are the 
main manifestations among secondary school students [41]. 
Consequently, many affected students experienced daytime 
fatigue, drowsiness, impaired judgment, slowed reactions, and 
mental health issues. Compared to junior high school students, 
senior high school students faced greater challenges, including 
longer study hours, heavier academic burdens, and earlier wake-
up times, contributing to reduce sleep duration. The White 
Paper on Healthy Sleep for Chinese People 2022 reported an 
average sleep time of 6.5 hours for senior high school students, 
whereas our research found that over half slept less than 6 
hours, indicating severe sleep deprivation. Such deprivation 
may lead to depression, general and abdominal obesity, multiple 
cognitive and affective dysfunctions [42-44].

Our study identified the highest prevalence of sleep 
disturbances among E-type students. This aligns with 
findings in Chinese medical college students, where E-type 
students also showed significantly higher sleep disturbance 
rates compared to M-type and N-type students [45]. Notably, 
students’ sleep chronotype shifted toward E-type during the 
COVID-19 pandemic [46], exacerbating mental health risks 
[47]. Given the bidirectional relationship between sleep and 
mental health, schools and families should prioritize adolescent 
sleep health. School administrators should reasonably arrange 
schedules to ensure sufficient sleep duration, while families 
can foster a conducive sleep environment and model healthy 
sleep behaviors to promote better sleep habits among students. 
Additionally, our study identified a 17.5% prevalence of stress 
symptoms among students (13.7% light/moderate; 3.8% severe/
very severe), substantially exceeding rates reported by Ma et al. 
among junior and high school students (light/moderate: 8.82%; 
severe/very severe: 0.62%) [48]. Senior high school students, 
as adolescences, face unique challenges such as heightened 
cognitive self-consciousness, limited sports opportunities, 
academic stress, and an excessive focus on peer relations [49-
53]. These factors collectively contribute to anxiety, depression, 

and other psychological problems.
This study found that higher stress levels and poorer academic 

performance were associated with a higher prevalence of sleep 
disturbance. This phenomenon can be explained through a 
bidirectional mechanism. Stress disrupts sleep by activating 
the hypothalamic-pituitary-adrenal (HPA) axis, increasing 
cortisol and suppressing melatonin (a key sleep-regulating 
hormone) [54]. Conversely, poor sleep quality acts as stressors, 
exacerbating anxiety and further impairing sleep quality [55]. 
Additionally, students with poorer academic performance 
often experience reduced academic self-efficacy and chronic 
frustration [56]. These psychological factors not only impair 
cognitive functioning and emotional regulation, but may also 
disrupt sleep-wake rhythms, further aggravating sleep problems 
[57]. Notably, the strong stress-sleep disturbance associations 
emerged among students with light/moderate stress and average-
to-good academic performance, indicating that while better 
academic performance typically confers protection, this benefit 
diminishes under stress conditions-particularly for median 
achievers. High-achievers under moderate stress may experience 
insomnia driven by "performance anxiety" (e.g., fear of decline) 
and nocturnal rumination-repetitive academic self-review [58]. 
In addition, for the good academic performance students, the 
high expectations from parents to maintain their performance, 
often leading to extended study hours and increased stress, 
contribute to sleep disturbances. Middle-tier students face a 
"sandwich dilemma"-competing with high-achievers while 
avoiding academic decline, generating conflicting pressures 
[59]. Moderate stress fails to induce apathy yet is insufficient 
for easy adaptation, culminating in chronic stress states that 
heighten sleep vulnerability.

Stratification based on academic performance revealed a 
dose-response relationship between stress levels and sleep 
disturbance. Meanwhile, academic performance was only 
associated with sleep disturbance among stress-free students, 
with no significant association observed in stressed populations. 
Mechanistic pathways clarify this phenomenon: despite initial 
ability-based class grouping, performance gaps inevitably 
emerge. Students investing comparable effort but achieving 
divergent outcomes frequently experience perceived neglect 
and environmental vulnerability, which diminishes academic 
self-efficacy [60]. This reduced self-efficacy directly mediates 
a vicious cycle: academic struggles exacerbate sleep problems 
through rumination and anxiety, while sleep deprivation further 
impairs cognitive performance [61]. Notably, this cycle operates 
exclusively in non-stressed students, disappearing under stress. 
The differential impact of academic performance on sleep 
disturbance based on stress levels highlights the need for tailored 
interventions. For non-stressed students, enhancing academic 
skills and self-efficacy may mitigate sleep disturbances, while 
stressed students derive greater benefit from stress management 
training (e.g., mindfulness) and relaxation techniques. Schools 
should prioritize mental health education for "middle-tier" 
students, providing more opportunities to relieve pressure, and 
teachers/parents should monitor academic performance closely 
to offer timely support [62]. Future research should explore how 
stress and academic performance interact during critical periods 
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(e.g., exams) and test interventions targeting specific subgroups 
(e.g., low-self-efficacy students). Addressing these factors 
holistically could break the cycle of stress and sleep dysfunction, 
fostering better academic and mental health outcomes. 
Limitation.

Some limitations need to be acknowledged. First, because of 
deriving from the cross-sectional design, causal relationships 
among academic performance, stress, and sleep disturbances 
could not be established. Longitudinal studies are essential to 
disentangle temporal relationships and validate mechanistic 
pathways. Second, self-report bias may have attenuated data 
reliability: academic performance was assessed through student-
reported grades rather than objective records, potentially 
compromising validity. Third, unmeasured confounders-
including parental education, outdoor activity duration, and 
screen time-were omitted from analyses, which may limit the 
robustness of observed associations. These factors warrant 
rigorous control in future studies to strengthen causal claims.
Conclusion.

Sleep disturbance and stress were prevalent among Chinese 
senior high school students. Both stress and academic 
performance were associated with sleep disturbance. Moreover, 
significant interaction effects were observed among students 
with light/moderate stress combined with general or good 
academic performance. These findings suggest a need for 
personalized interventions.
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