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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: Epidemiological studies suggest that brain and muscle
Arnt-like protein-1 (BMAL ) gene may impact sleep quality. However,
research on this relationship among Chinese youth is limited. This study
aimed to explore the relationship between BMALI gene polymorphism
and sleep quality among Chinese youth.

Methods: We employed a cross-sectional design to genotype four
single-nucleotide polymorphisms (SNPs) in the BMALI gene using
peripheral blood samples from 2715 college students. Questionnaires
were used to collect demographic information about the participants,
and sleep quality was evaluated using the Pittsburgh Sleep Quality
Index (PSQI). Logistic regression was employed for association
analysis, considering interactions between genes and the environment.

Results: Overall, no significant correlation was found between
BMALI polymorphism and sleep quality. However, quantitative trait
analysis showed higher sleep latency scores in rs9633835 AA and AG
genotype carriers, in the PSQI. Gender stratification analysis linked
rs7107287 to sleep quality, particularly in men (OR 0.747, 95% CI,
0.5740-0.973, P=0.030, dominant model). Among men, rs7107287 AA
mutant homozygous carriers had higher sleep efficiency and daytime
dysfunction scores, while among women; rs9633835 AG heterozygous
carriers had higher sleep latency scores. Further interaction analyses
showed that sleep quality was significantly influenced by the
multiplicative interaction between rs7107287 and physical exercise
in men, whereas it was significantly influenced by the multiplicative
interaction between rs7107287 and mental condition in women.

Conclusions: These findings suggest an association between BMALI
gene polymorphisms and sleep quality in Chinese youth, with notable
gender differences. Moreover, sleep quality appears to be affected by
multiple interactions between genes and the environment.

Key words. BMALIL, sleep quality, gender difference, youth,
interactions, PSQI.

Introduction.

Sleep is an important physiological requirement for the human body
and is essential for maintaining both physical and mental health [1].
In recent years, the pace of life has accelerated, accompanied by an
increased reliance on technological products. This has exacerbated
issues related to sleep quality disorders, and research indicates that
one-fifth of the global population currently suffers from insomnia [2].
A survey conducted among 17,335 individuals worldwide showed
some concerning trends. For example, the sleep duration among young
people gradually decreases as they age. Interestingly, young people in
Asia have the shortest average daily sleep duration globally, clocking
in at just 6.5 hours [3]. These data demonstrate the severity of sleep
disorders among the younger population.

Research shows that poor sleep quality is generally the result of a
combination of factors, such as genetic predisposition, exercise, dietary
habits, environmental factors, lifestyle habits, etc [4,5]. A strong link
between genetic predispositions and sleep quality has been increasingly
reported. Single nucleotide mutations in ADRBI and DEC2 have been
found in individuals known as “short sleepers,” who can function well
even if they sleep 4-6 hours a night. Interestingly, the sleep quality
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in these individuals is influenced by genetic mutations rather than
the sleep duration [6]. Studies exploring heritability have confirmed that
variations in circadian rhythm genes are involved in many physiological
and metabolic processes, including the sleep-wake cycle [7]. Recent
genome-wide association studies (GWAS) further support these findings.
Three large-scale GWAS studies involving individuals of European
ancestry have found that circadian rhythm genes like Period2 and Period3
are associated with genetic susceptibility to sleep quality [8-10].

The transcriptional translation feedback loop (TTFL) is the foundation
of daily circadian rhythms. The basic elements of TTFL are CLOCK,
brain and muscle Arnt-like protein-1 (BMALL1), Period (PER1, PER2,
and PER3), and Cryptochrome (CRY 1 and CRY2). CLOCK and BMAL1
form heterodimeric transcription factors that regularly activate the
expression of PER and CRY genes [11]. Several studies have revealed
a close relationship between variations in rhythmic gene loci and sleep
quality. For example, in a Spanish study of 102 adults, sleep duration
showed association with rs238666 in PER3 and rs4580704 in CLOCK
but did not with BMALI single nucleotide polymorphisms (SNPs) [12].
Sakurada et al. [13] investigated SNPs in circadian regulation genes in
Japanese individuals over 40 years of age. This study identified CRY -
rs11113179, BMALI-rs1026071, and BMALI-rs1562438 as risk factors
for inherited sleep disorders, with polymorphisms in the CRYI and
BMALI genes linked to sleep-onset issues. In a U.S. community-based
study , rs3816358 in BMALI was associated with later sleep and wake
onset time [ 14]. Additionally, evidence from a Chinese heritability study
suggested that the CLOCK rs11932595 polymorphism correlates with
sleep latency and sleep disturbance scores [15]. These findings suggest
an association between rhythm gene polymorphisms and sleep quality.
However, understanding of the relationship between BMALI and sleep
quality in the Chinese population remains limited. Furthermore, age,
nationality, and regional factors, have been identified [16], as positive
predictors of sleep status, suggesting these environmental factors may
have an impact on genetics. In light of these evidences, our study aimed
to evaluate the relationship between BMALI mutations, sleep quality,
and related components in young Chinese individuals.

Materials and Methods.

Participants: This study adopted a cross-sectional design and recruited
3450 freshmen for routine physical examinations in 2018; detailed
information was reported in a previous study [17]. The inclusion criteria
for this study were as follows: willingness to participate in this study;
completion of the Pittsburgh Sleep Quality Index (PSQI), including
each component, and verification that no logical errors were present
in the data; blood samples collected successfully; and successful DNA
genotyping. Ultimately, 2715 participants were included in the study.

This study was approved by the Ethics Committee of Wannan
Medical College, Yijishan Hospital and informed consent was obtained
from all participants.

Blood sample collection:

At approximately 7 am on the day of the physical examination, 5 ml
of fasting peripheral venous blood was collected from the participants
and stored in EDTA anticoagulant tubes for DNA extraction. Other
blood biochemical indicators such as blood lipids, uric acid, blood
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cells, and liver and kidney indicators were measured by the daily
physical examination centre.

Anthropometric measurements:

After blood sample collection, the anthropometric indices of the
participants were measured by trained and qualified medical personnel.
The indices measured included height, weight, waist circumference,
hip circumference, and blood pressure, in two sitting positions with a
5-min interval according to standard measurement methods [17].

Questionnaire:

The questionnaire was completed under the guidance of the research
team members on the day of the physical examination. The questionnaire
included questions related to general demographic information,
lifestyle habits, such as smoking and drinking, dietary habits, exercise
habits, medical history, and medication history. Physical exercise was
defined as continuous physical activity lasting more than 30 min per
day, accompanied by substantial sweating and a significant increase in
heart rate or breathing.

Pittsburgh Sleep Quality Index (PSQI) score:

Sleep quality was evaluated using the PSQI. This scale was developed
by Buysse et al. [18] in 1989 and subsequently translated into Chinese
by Liu et al. [19], who also tested its reliability and validity. The
study found that the internal consistency coefficient of the PSQI was
8.842 and the test-retest reliability was 0.809, indicating that the PSQI
is suitable for sleep quality evaluation research in China. The PSQI
consists of seven components: subjective sleep quality, sleep latency,
effective sleep time, sleep efficiency, sleep disorders, hypnotic drug
use, and daytime dysfunction. Each component is scored from 0 to 3
points, with a total score of 21 points. A score greater than 7 points
indicates poor sleep quality, whereas a score less than or equal to 7
points indicates normal sleep quality [20].

Genotyping:

DNA was extracted from the peripheral blood of participants using
the protein precipitation method and the concentration and purity
were measured using a ultra trace spectrophotometer K5800(Kaiao
Beijing China) to determine the quality of the sample. The BMALI
polymorphism was detected using the qPCR-TagMan MGB probe
array method. DNA amplification was performed using a QuantStudio
7 Flex Real-Time PCR System (Applied Biosystems, city, state, USA).
The qPCR reaction conditions were 50°C for 2 min, 95°C for 10 min,
95°C for 15 s and 60°C for 1 min with 40 cycles. The SNPs sequences of
the amplification primers and probes are listed in Supplementary Table 1.

Statistical analysis:

SPSS version 26.0 (Company name, city, state, country) was used
for data organisation and analysis. Continuous variables that follow a
normal distribution are presented as mean + standard deviation (SD)
and t-tests and one-way analyses of variance (ANOVAs) were used to
compare intergroup differences, categorical variables are presented as
frequency and composition ratio, and chi square (y?) tests were used
to compare intergroup distribution differences. Logistic regression
was performed to evaluate the association between BMALI gene
polymorphisms and sleep quality and the multiplicative interaction
between the environment and genes. All analyses were adjusted for
age, smoking, drinking, physical exercise, and mental health. Statistical
significance was defined as a two-tailed P value of <0.05.

Results.

Characteristics of the participants between normal sleep
quality and poor sleep quality:

The characteristics of the participants according to sleep quality
component data are presented in Table 1. Considering a PSQI score
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of 7 as the threshold, 1703 (62.7%) participants in this study had
normal sleep quality, while 1012 (37.3%) participants had poor sleep
quality. No statistically significant differences were detected in age,
BMI, gender, and distribution frequency between the normal and poor
sleep quality groups (P > 0.05). In contrast, no physical exercise, poor
mental condition, smoking, and drinking distribution frequency and the
scores of the seven components in the poor sleep quality group were
higher than those in the normal sleep quality group (P < 0.05).

Associations between the BMALI gene polymorphisms and
sleep quality:

The genotypic frequency results of the four polymorphisms in the
normal and poor sleep quality groups are provided in Table 2. The
genotype results of the four SNPs did not show significant differences
in frequency between the normal and poor sleep quality groups (all
SNPs: P > 0.05). In the total population, the genotype frequencies of
all four SNPs were consistent with Hardy-Weinberg equilibrium (P >
0.05).

The effects of BMALI polymorphism on the seven component
scores of the PSQI:

The results showed that the sleep latency scores of carriers of
rs9633835 AA and AG genotypes were higher than those of carriers of
the GG genotype, with scores of 0.61£0.75, 0.63+0.74, and 0.52+0.69,
respectively. The other component scores showed no significant
differences among the different genotypes at other SNP sites. The
results are summarised in Table 3.

Stratified analysis by gender:

In the subgroup analysis stratified by gender, no difference was found
between the BMALI polymorphism and sleep quality in different
genetic models in women. In men, the results showed that rs7107287
was associated with sleep quality, and the odds ratio (OR; 95%) of the
dominant model was 0.747 (0.574-0.973), P=0.030. After adjusting
for age, smoking, drinking, physical exercise, and mental condition,
the association remained statistically significant, with an OR (95%) of
0.758 (0.578-0.995), P=0.046. Detailed data are shown in Table 4.

The effects of BMALL polymorphisms on the seven
components scores by gender:

For men, the results indicated that rs7107287 AA mutant homozygous
carriers had slightly higher scores in sleep efficiency and daytime
dysfunction than GG wild-type homozygous carriers. For women,
the results suggested that AG heterozygous carriers had higher scores
for sleep latency than GG homozygous carriers. Detailed data are
presented in Figurel.

The interactions between environmental factors and the
BMALI rs7107287 polymorphism on sleep quality:

In men, sleep quality was significantly influenced by the multiplicative
interaction between rs7107287 and physical exercise, whereas in
women, sleep quality was significantly influenced by the multiplicative
interaction between rs7107287 and mental health. Table 5 shows the
interactive effects.

Discussion.

Epidemiological studies have indicated that sleep quality issues are
prevalent among college students, with rates ranging from 70% to
80%, emphasizing the significance of investigating sleep quality as a
significant health concern [21,22]. While environmental factors have
traditionally been studied as the primary factors influencing sleep
quality, there is growing evidence suggesting that genetic factors may
also play arole in regulating sleep [23]. Twin studies have shown a high
heritability of sleep quality, ranging from 0.3 to 0.5 [24]. Therefore,
early identification and intervention for those genetically predisposed



Table 1. Demographic and clinical characteristics of subjects with and without poor sleep quality.

Item Normal sleep quality(n=1703) Poor sleep quality(n=1012) t/y2 P
Age (year) 18.52+0.99 18.45+£0.91 1.859 0.063
Gender
Male, n(%) 668(39.2) 408(40.3) 0.316 0.574
Female, n(%) 1035(60.8) 604(59.7)
BMI (kg/m?) 22.2943.44 22.34+3.63 0.386 0.700
Physical exercise
No 1149(69.8) 759(77.1) 16.793 <0.001
Yes 498(30.2) 225(22.9)
Mental condition
Normal 1691(99.4) 991(98.0) 11.205 0.001
Poor 10(0.6) 20(2.0)
Smoking
No 1616(98.1) 949(96.4) 6.479 0.011
Yes 32(1.9) 35(3.6)
Drinking
No 1448(87.9) 815(82.8) 12.978 <0.001
Yes 200(12.1) 169(17.2)
Subjective sleep quality 0.51+0.56 1.23+0.66 29.138 <0.001
Sleep latency 0.38+0.56 0.96+0.84 19.273 <0.001
Effective sleep time 1.45+0.65 2.10+0.46 30.45 <0.001
Sleep efficiency 0.80+1.29 2.31+1.14 31.714 <0.001
Sleep disorders 0.49+0.52 0.91+0.49 21.47 <0.001
Using hypnotic drugs 0.02+0.17 0.05+0.30 2.864 0.004
Daytime dysfunction 1.04+0.81 2.00+0.70 32.753 <0.001
BMI, Body mass index.
Table 2. The association of BMALI polymorphism and sleep quality.
SNPs Normal sleep quality(n=1703)  Poor sleep quality(n=1012) genotyplc ;IWE
rs9633835
AA 498(29.2) 311(30.7)
AG 841(49.4) 479(47.3) 0.573 0.273
GG 364(21.4) 222(21.9)
AA vs AG+GG 0.412
AA+AG vs GG 0.730
rs6486121
CcC 1188(69.8) 718(70.9)
CT 462(27.1) 269(26.6) 0.574
TT 53(3.1) 25(2.5) 0.435
CCvs CT+TT 0.512
CC+CTvsTT 0.333
rs7107287
GG 506(29.7) 307(30.3)
GA 866(50.9) 481(47.5) 0.153
AA 331(19.4) 224(22.1) 0.946
GG vs GA+AA 0.732
GG +GA vs AA 0.092
rs12364562
AA 1217(71.5) 715(70.7)
AG 436(25.6) 274(27.1) 0.444
GG 50(2.9) 23(2.3) 0.424
AA vs AG+GG 0.652
AA+AG vs GG 0.382

HWE: Hardy-Weinberg equilibrium
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Table 3. The effects of BMALI polymorphism on the seven components scores of PSQOI.

Subjective sleep Sleep Effective Sleep Sleep Using . Daytime
SNPs N . R . . hypnotic .
quality latency sleep time efficiency disorders drugs dysfunction
rs9633835 O O O O O O 0 O
AA 809 0.78+0.70 0.61+0.75 1.71£0.70 1.37£1.43 0.65+0.55 0.04+0.28 1.38+0.91
AG 1320 0.78+0.71 0.63+0.74 1.69+0.64 1.32+1.44 0.65+0.55 0.03+0.22 1.41+0.90
GG 586 0.76+0.65 0.52+0.69 1.68+0.67 1.43+1.45 0.63+0.55 0.02+0.14 1.44+0.90
F 0.229 4.686 0.365 1.005 0.388 1.163 0.490
P 0.795 0.009 0.695 0.366 0.678 0.313 0.613
rs6486121
CC 1906  0.78+0.69 0.61+0.74 1.69+0.67 1.34+1.44 0.64+0.56 0.03+0.25 1.41+0.90
CT 731 0.77+0.70 0.58+0.71 1.69+0.66 1.40+1.44 0.65+0.53 0.02+0.17 1.38+0.90
TT 78 0.67+0.62 0.51+0.70 1.63+0.63 1.35+1.45 0.64+0.53 0.03+0.16 1.37+0.91
F 1.087 0.927 0.341 0.406 0.113 0.562 0.198
P 0.337 0.396 0.711 0.667 0.893 0.570 0.820
rs7107287
GG 813 0.77+0.69 0.60+0.74 1.70+0.64 1.39+1.44 0.65+0.56 0.03+0.23 1.42+0.90
GA 1347  0.76+0.68 0.58+0.71 1.68+0.67 1.32+1.43 0.65+0.55 0.02+0.21 1.38+0.91
AA 555 0.83+0.72 0.64+0.77 1.6940.69 1.40+1.44 0.64+0.54 0.04+0.26 1.414+0.88
F 1.853 1.248 0.064 0.788 0.047 0.601 0.447
P 0.157 0.287 0.938 0.455 0.954 0.548 0.639
1512364562
AA 1932 0.7840.69 0.59+0.73 1.69+0.65 1.36+1.44 0.65+0.54 0.03+0.23 1.39+0.91
AG 710 0.77+0.70 0.61+0.74 1.69+0.69 1.34+1.43 0.63+0.56 0.03+0.22 1.42+0.90
GG 73 0.754+0.72 0.63+0.81 1.60+0.72 1.40+1.45 0.75+0.57 0.00+0.00 1.38+0.86
F 0.076 0.260 0.641 0.111 1.857 0.617 0.351
P O 0.927 0.771 0.527 0.895 0.156 0.540 0.704
Table 4. Association analyses of four SNPs in BMAL Iwith sleep quality by gender.
0 . Normal sleep Poor sleep OR (95%CI)
quality(n=1703) quality(n=1012) Additive model Dominant model Recessive model
Males 668 408
rs9633835 AA  197(29.5) 135(33.1)
AG  330(49.4) 179(43.9) 0.968(0.816-1.149) 0.846(0.649-1.102) 1.119(0.832-1.504)
GG 141(21.1) 94(23.0) P=0.713 P=0.215 P=0.457
rs6486121 CC  456(68.3) 287(70.3)
CT  191(28.6) 111(272) 0.905(0.716-1.144) 0.907(0.694-1.185) 0.774(0.361-1.661)
TT 21(3.1) 10(2.5) P=0.406 P=0.474 P=0.511
rs7107287 GG 192(28.7) 143(35.0)
GA  348(52.1) 182(44.6) 0.901(0.756-1.074) 0.747(0.574-0.973) 1.077(0.791-1.467)
AA  128(19.2) 83(20.3) P=0.246 P=0.030* P=0.636
rs12364562 AA  485(72.6) 289(70.8)
AG  169(253) 108(26.5) 1.096(0.861-1.394) 1.091(0.831-1.434) 1.416(0.648-3.091)
GG 14(2.1) 11(2.7) P=0.458 P=0.53 P=0.383
Females 1035 604
rs9633835 AA  301(29.1) 176(29.1)
AG  511(49.4) 300(49.7) 0.992(0.860-1.143) 0.997(0.800-1.244) 0.979(0.766-1.251)
GG 223(21.5) 128(21.2) P=0.91 P=0.98 P=0.866
rs6486121 CC  732(70.7) 431(71.4)
CT  271(26.2) 158(26.2) 0.956(0.788-1.158) 0.970(0.777-1.210) 0.798(0.429-1.486)
TT 32(3.1) 15(2.5) P=0.644 P=0.785 P=0.477
rs7107287 GG 314(30.3) 164(27.2)
GA  518(50.0) 299(49.5) 1.150(0.997-1.327) 1.168(0.935-1.460) 1.248(0.979-1.592)
AA  203(19.6) 141(23.3) P=0.055 P=0.171 P=0.074
rs12364562 AA  732(70.7) 426(70.5)
AG  267(25.8) 166(27.5) 0.954(0.788-1.155) 1.009(0.810-1.258) 0.563(0.290-1.090)
O GG 36(3.5) 12(2.0) P=0.631 P=0.933 P=0.088

* Adjustments for age, smoking, drinking, physical exercise, and mental condition, the adjusted OR (95%CI) for the dominant model of
rs7107287 in males was OR=0.758(0.578-0.995) with P=0.046.
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Table 5. The interactions between environmental factors and rs7107287 on sleep quality.

O Interaction Genetic model OR (95%CD* P
Males

1s7107287*Physical Additive model 0.761(0.645-0.899) 0.001

exercise

Dominant model 0.885(0.789-0.992) 0.036

Females

rs7107287*Mental health | Additive model 3.216(1.272-8.134) 0.014
O O Dominant model 4.460(1.531-12.994) 0.006

* Adjustments for age, smoking, drinking, physical exercise, and mental condition

A) P=0.016

Sleep efficiency(score)

AA AG GG
rs7107287 (Males)

B) P=0.027

oy . b
= h =
1 1 1

Daytime dysfunction(score)
=
n
L

i
=
I

AA AG GG
rs7107287 (Males)

) P=0.028
1.5+

1.0

=
n
1

Sleep latencey (score)

0,04
AA AG GG

rs9633835 (Females)

Figure 1. The effects of BMALI polymorphism on the components scores of PSQI by gender. A) rs7107287 AA carriers had higher scores in sleep
efficiency; B) rs7107287 AA carriers had higher scores in dysfunction; C) rs9633835 AG heterozygous carriers had higher scores in sleep latency.
The data was presented in mean with standard deviation (SD).
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to sleep disorders are crucial for effectively improving sleep quality
and overall quality of life.

In this study, we evaluated the relationship between polymorphisms
at four BMALI loci and sleep quality, including its components,
among Chinese youth. Our results showed no significant association
between BMALI polymorphisms and overall sleep quality. However,
rs9633835 was correlated with the sleep latency score of the PSQI
component. BMALI is a key gene that regulates circadian rhythms in
living organisms. Animal sleep research has revealed that mice with
the BMALI gene knocked out display fragmented sleep [25]. Similarly,
BMALI gene-knockout cynomolgus monkeys also demonstrate reduced
nocturnal sleep and heightened nocturnal activity [26]. In an adult
human study, Sakurada et al. [13] reported that variant rs1026071 in
BMALI was weakly associated with increased difficulty falling asleep
in Japanese individuals aged over 40 years, although the association
was no longer significant after Bonferroni correction. Unfortunately,
due to prioritising loci with strong linkages to multiple SNPs to gather
more data, we did not genotype this locus. In specific populations,
such as patients with emotional disorders, the BMALI rs11022778TT
and rs1982350AA genotypes are linked to greater difficulty falling
asleep [27]. Similarly, in women with breast cancer, genetic variations
in BMALI are associated with self-reported deterioration in sleep
quality [28]. However, these results were not replicated in the general
population aged 18 and above [12]. Positive predictors of sleep status,
including age, nationality, and regional factors, have been identified
[16], suggesting these environmental factors may have had an impact
on genetics, leading to inconsistent findings. In our study, we employed
seven dimensions of the PQSI to assess sleep quality, which differs
slightly from previous sleep assessment methods. Our results indicate
that, among general participants in early adulthood, the relationship
between BMALI variation and overall sleep quality is not significant.
However, when we analysed the seven components that evaluated
sleep quality, we found that carriers of the rs9633835 AA genotype
experienced longer sleep latency than those with other genotypes.
These findings, along with previous reports, support the hypothesis that
BMALI is likely associated with the time it takes to fall asleep.

Previous reports indicate significant differences in the sleep patterns
of females and males throughout adolescence and young adulthood
[29]. Therefore, we conducted a sex-stratified analysis despite the lack
of sex differences in the prevalence of sleep quality. Our results showed
that rs7107287 variation is linked to sleep quality in men, while no
such association was observed in women. Analysis of the correlation
between PQSI component scores and genes uncovered sex-specific
differences. Among men, rs7107287 AA was associated with higher
sleep efficacy and daytime dysfunction scores, whereas among women,
rs9633835 AG genotype was associated with higher sleep latency
scores. Research has shown that sex differences in the expression
of androgen and oestrogen receptors have direct and indirect effects
on the circadian rhythm, thus affecting sleep [30]. Boivin et al. [31]
observed that the stages of the menstrual cycle can affect the biological
rhythm of body temperature and sleep status, and by controlling the
menstrual cycle and using hormonal contraceptives, sleep quality
can be improved. Given these sex differences in sex hormones, we
hypothesised that sex moderates the relationship between genetic
variation and sleep quality.

This study provides new insights into the effects of genetic and
environmental interactions on sleep quality. It is likely that physical
exercise may moderate sleep quality in males, whereas females are
more susceptible to regulation by their mental state in current work.
A possible explanation for this interaction is that females are more
likely to be trapped by mental problems. In recent years, numerous
scientific studies have supported the occurrence of poorer mental
health disorders in females compared to males(18.4% vs 8.9%) [32]. In
addition, a study involving multiple universities indicated that mental
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health symptoms play an important role in predicting poor sleep states
among college students [33]. Given these findings, it is plausible that
mental conditions influence the impact of genetics on sleep quality in
females more than in males. Previous studies have highlighted that
regular physical exercise is an effective strategy to improve sleep
quality, with participants often experiencing improvements in their
sleep disorders through exercise intervention [34]. In our study, the
proportion of males engaging in exercise was over three times that of
females, potentially leading to more pronounced interactions among
males due to larger sample size.

In addition to the valuable information provided on the gender
differences in sleep quality among Chinese youth, this study has
some limitations. First, owing to the lack of detection of the mRNA
expression level of BMALI, it was not possible to analyse whether site
variations affected the gene expression level, as they were all located
in the non-coding region. Second, the study design was based on a
cross-sectional, single-centre approach, meaning the results could not
establish a causal relationship between gene polymorphisms and sleep
quality. Drawing such conclusions would require further validation and
support from additional samples. Finally, although this study suggests
an interaction between environmental factors and genes in sleep quality,
the specific mode of action remains unclear. Despite these limitations,
our study has several strengths. To the best of our knowledge, this is
the first study to investigate the relationship between genetic variation
in BMALI and sleep quality in a relatively large sample of youths.
Moreover, compared with previous studies, our results provide further
confirmation of the interaction between environmental factors and
genes, as well as the influence of gender on this relationship.

Conclusion.

In summary, the AA genotype of rs7107287 appears to be a risk
factor for poor sleep quality in males, and the BMALI polymorphism
shows association with the two PQSI component scores. Interestingly,
we found a multiplicative interaction between physical exercise and
rs7107287 variation in sleep quality in males, whereas in females, the
interaction between mental condition and genes was more significant.
Our findings underscore the importance of considering genetic factors
alongside environmental influences in addressing sleep disorders. More
functional research is needed in the future to explore the mechanisms
of gene environmental interaction in sleep.
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