(GEORGIAN
VIEDICAL
INNEWS

ISSN 1512-0112 NO 7-8 (364-365) Hiwoas-ABrycr 2025

TBUJIMCHU - NEW YORK

EXEMECSUYHBIN HAYUHBIN )KYPHAJ

MennuuHckue HoBocTH I'py3uun
Logodmggmml Lsdgwoobm Losbemgbo



GEORGIAN MEDICAL NEWS

Monthly Georgia-US joint scientific journal published both in electronic and paper
formats of the Agency of Medical Information of the Georgian Association of Business Press.
Published since 1994. Distributed in NIS, EU and USA.

GMN: Georgian Medical News is peer-reviewed, published monthly journal committed to promoting
the science and art of medicine and the betterment of public health, published by the GMN Editorial
Board since 1994. GMN carries original scientific articles on medicine, biology and pharmacy, which
are of experimental, theoretical and practical character; publishes original research, reviews, commen-
taries, editorials, essays, medical news, and correspondence in English and Russian.

GMN is indexed in MEDLINE, SCOPUS, PubMed and VINITI Russian Academy of Sciences. The full
text content is available through EBSCO databases.

GMN: Meaununnckue HoBocTH I'py3un - exxeMecsuHbli pelieH3UpyEeMblil HayYHbIHN KypHal, U3AaéTcs
Penaxumonnoit komierueit ¢ 1994 roma Ha pPycCKOM W aHIJIMMCKOM SI3BIKaX B IIEJISIX TOIJEPIKKH
MEAMIIMHCKON HayKd M YIy4dlIeHHUs 30paBOOXpaHeHHs. B KypHase myOIMKYIOTCSI OpUTMHAJIbHBIE
Hay4HbIE CTaThbH B 00JIACTU MEIUIIMHBI, OMOJIOTUH U (papMaliy, CTaTbl 0030pHOT0 XapakTepa, HayuHbIe
cO0O011IeHNs, HOBOCTH METUIIMHBI U 3/ipaBooxpaHenus. XKypuan unnexkcupyercs B MEDLINE, orpaxén
B 0aze nanHbix SCOPUS, PubMed u BUHUTU PAH. IlonHOTEKCTOBBIE CTAThU KypHaia JTOCTYIHBI
yepe3 b/ EBSCO.

GMN: Georgian Medical News — Lo Jo®mggeoml bsdgoozobm Losbangbo — s@ols ymggemgoy@o
bodg(36096m LodgeoEobm M9396%0Mgdswo gy@bogno, aodmoigds 1994 Faowsb, [omdmswagbls
Lbodgosd@om gomagyoobs s 533-0l 39360909d0L, aobosmengdols, 0beyglE®ool, byermgbgdols
s 39bgd0ldgBYyggegdols Log@msdm@olim s3ogdool gOmmdaog godmgdsl. GMN-Fo Gyl
> 0baaoly® gbgody J3g9bwgds 9Jb3gM0dgbG o, mgm@oygmo s 3GsJBogyeo bobosmols
M®0y0bsayg®o  bsdgsbogdm LEsGogdo dgooi3obols, domamaools ©s @o®dsizool beyg®mdo,
dodmboagomo babosmol LEs@ogdo.

J9®bsao obpgdbodgdyamos MEDLINE-ol bsg@msdm@obem Lol gdsdo, sbsbygaos
SCOPUS-o0l;, PubMed-ols ws BUHUTH PAH-0ls dmbsgdms dobgddo. LRs@ogdols barygao @gjl@o
bgendolsfgmdos EBSCO-I dmbsigdms dsbgdowsb.

WEBSITE
www.geomednews.com



K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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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
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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.
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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 a 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].



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 meantstandard 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 (y?) 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
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duration < 6hours (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% CI1:0.375-0.649, 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
= 2311, 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



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

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

Variables Group n
Gender Male 1524
Female 1003
Grade Senior Grade 1 843
Senior Grade 2 654
Senior Grade 3 1030
Parental relationship Good 1954
Normal 457
Bad 116
. . . Good 1880
Father-child relationship Normal 549
Bad 98
. . . Good 2118
Mother-child relationship Normal 3153
Bad 56
Smoking Yes 130
No 2397
Alcohol drinking Yes 589
No 1938
Living in the school Yes 815
No 1712
Sleep chronotypes E-Type 333
N-Type 1748
M-Type 446
Academic performance Good 1068
General 919
Poor 540
Learning burden Light 164
General 1158
Heavy 1205
Stress None 2084
Light/Moderate 348
Severe/Very severe 95

Sleep disturbance (%) Ve P
422(27.7) 3.626 0.057
313(31.2)
232(27.5)
177(27.1)
326(31.7)
524(26.8)
161(35.2)
50(43.1)
484(25.7)
211(38.4)
40(40.8)
577(27.2)
139(39.4)
19(33.9)
56(43.1)
679(28.3)
217(36.8)
518(26.7)
250(30.7)
485(28.3)
151(45.3)
499(28.5)
85(19.1)
248(23.2)
275(29.9)
212(39.3)
37(22.6)
269(23.2)
429(35.6)
482(23.1)
184(52.9)
69(72.6)

4.090* 0.043

24.274* <0.001

37.099* <0.001

17.190%* <0.001

13.007 <0.001

22.400 <0.001
1.473 0.225

64.671 <0.001

44.731* <0.001
41.030* <0.001

217.674* <0.001

*: Trend y2 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,
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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



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

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)

StressxAcademic performance

performance(Poor)

Stress(None)xAcademic

1.00(reference)

performance(general)

Stress(Light /moderate)x Academic

0.006

2.311(1.265-4.220)

Stress(Light /moderate)xAcademic

(good)

performance (zood) 0.002 2.668(1.445-4.926)
Stress(Severe /very

severe)xAcademic performance  0.366 1.673(0.549-5.104)
(general)

Stress(Severe /very

severe)xAcademic performance  0.167 2.309(0.704-7.570)

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

and sleep chronotypes.

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

Academic performance  Stress n(%) P ‘0R(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 5. Academic performance-sleep disturbance association by stress.
Stress Academic performance  n(%) P \0R(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)
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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,
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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



(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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