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Relationship between circadian rhythm and sleep quality in university students: the chain mediation roles of
trait anxiety and sleep beliefs and attitudes
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[ Abstract ]| Objective To investigate the relationship between circadian rhythm type and sleep quality among
university students, and to clarify the mediating roles of trait anxiety and sleep beliefs and attitudes. Methods An online
survey was conducted among university students at a medical school by convenience sampling method. The circadian
rhythm types, trait anxiety levels, sleep beliefs and attitudes, and sleep quality were evaluated by the morning and evening
questionnaire-5 (MEQ-5), trait anxiety inventory (T-Al), brief version of dysfunctional beliefs and attitudes about sleep
scale-16 (DBAS-16), and Pittsburgh sleep quality index (PSQI), respectively. Pearson correlation analysis and mediation
analysis were employed to examine the relationships between circadian rhythm types, trait anxiety levels, sleep beliefs and
attitudes, and sleep quality. Results A total of 238 questionnaires were collected and 233 were valid, with an effective rate
of 97.9%. Pearson correlation analysis revealed significant correlations between circadian rhythm type, trait anxiety level,
sleep beliefs and attitudes, and sleep quality (all P<<0.01). The mediating effect was examined with circadian rhythm type as
independent variable, sleep quality as dependent variable, and trait anxiety level and sleep beliefs and attitudes as mediating
variables. The mediating effect of the trait anxiety level (MEQ-5 — T-AI — PSQI) accounted for 30.48% of the total effect
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(r=—0.128, 95% confidence interval [CI/] —0.211 to —0.066). The mediating effect of the sleep beliefs and attitudes
(MEQ-5 — DBAS-16 — PSQI) accounted for 12.62% of the total effect (= —0.053, 95% CI —0.106 to —0.014). The chain
mediating effects of the trait anxiety level and sleep beliefs and attitudes (MEQ-5 — T-AI — DBAS-16 — PSQI) accounted
for 11.19% of the total effect (r=—0.047, 95% CI —0.085 to —0.022). Conclusion The circadian rhythm type of university
students can negatively predict their sleep quality, and the trait anxiety level and sleep beliefs and attitudes play mediating roles.
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Tab 1 Regression analysis of variable relationship in chain mediation model
Dependent variable Argument R R F value p t value P value
T-Al score MEQ-5 score 0.302 0.091 5.721 —1.109 —4.282 <<0.01
DBAS-16 score MEQ-5 score 0.556 0.309 20.298 0.653 2.578 <<0.05
T-Al score —0.521 —8.350 <<0.01
PSQI score MEQ-5 score 0.700 0.490 36.124 —0.193 —3.262 <0.01
T-Al score 0.116 7.074 <0.01
DBAS-16 score —0.081 —5.305 <<0.01

The results were based on a sample of 5 000 self-sampling. MEQ-5: Morning and evening questionnaire-5; T-Al: Trait anxiety

inventory; DBAS-16: Brief version of dysfunctional beliefs and attitudes about sleep scale-16; PSQI: Pittsburgh sleep quality index.

B 1

MEQ-5 — T-AI — DBAS-16 — PSQI §&=X F14}
N B2
Fig1 Path diagram of chain mediation effect of
MEQ-5 — T-AI — DBAS-16 — PSQI
"P<20.05,"P<0.01. MEQ-5: Morning and evening questionnaire-5;

T-Al: Trait anxiety inventory; DBAS-16: Brief version of
dysfunctional beliefs and attitudes about sleep scale-16; PSQI:
Pittsburgh sleep quality index.
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Tab 2 Total, direct and indirect effects of circadian rhythm types on sleep quality
Index Effect Boot SE Boot LLCI Boot ULCI
MEQ-5 —»T-AI—PSQI —0.128 0.037 —0.211 —0.066
MEQ-5 —-T-Al—-DBAS-16 —PSQI —0.047 0.016 —0.085 —0.022
MEQ-5 —DBAS-16 —PSQI —0.053 0.023 —0.106 —0.014
Total indirect effect —0.228 0.051 —0.336 —0.135
Direct effect —0.193 0.059 —0.309 —0.076
Total effect —0.420 0.072 —0.562 —0.279

MEQ-5: Morning and evening questionnaire-5; T-Al: Trait anxiety inventory; PSQI: Pittsburgh sleep quality index; DBAS-16:

Brief version of dysfunctional beliefs and attitudes about sleep scale-16; SE: Standard error; LLCI: Lower limit of the 95% confidence

interval; ULCI: Upper limit of the 95% confidence interval.

30 BRAYHEEDNLERIRTTH XL ARG
F 48 MEQ-5 #3435 PSQI A4 e, $R1%
MR R R e A AR T H 0 25, X — 25 SR S 5T oY
gEIRY s R Bl T AR AR R
e A ], X W] RE S AL & B EE R YRR

MMM R A S L BRI, K
AT T B AR B ok R Bk ——
PR R S (Y BEIR AR AR, S BE B[] (9 4R B
RegrpeaEm (R, fiddy ) BRI Z T340, =
BOLMBHR AR A, 20 AR R A0, FETTE



WREEE RS2 202445 A58 45 %

° 603 -

MG RBAYHES™ MATAT REIE 2R R 2l IR T
iR, IR ARSI sl e A RS [, AT
] FRBEH, b, A RFIE R R E AR MR T AN R
I CAnfE IR LA T T4 RS 16 3l . Boiifexk |
B ) SR AE A SR

32 HREJEG TR ARG L IR
JETE S YT A 2 AR I IR o R R A AR
Hidalgo %" A JB 0 7 HE R T — o A W AT,
SR B 1Y SR R A DGR B s A T A R B T AE A
o FEBTA B RANATE £ 08 Z) B E AR AR E 1Y
— P AKERAE, AR E AR R . R Ao
H 5 25 2] A 6 s 5 AR R R DG 5%, 253K
002 S I S |51 < 2 I i B e 1B S L 0 S A S A S|
S5, EUA SR AR IR R AR A A R T 3 23 R I
T E RS, SRS IR MEIRE S
JE, SEACREARVE ORI, 2 I 5 i BRI 5 2

33 BREASENTAMMER AMEELISHE
JRIUAEL, 7R 76 R~ A R HIR A A S B R 2,
XAGRTABFSEAE I 5 WS R, AT
A, PRI ARTE R [R] 26 PRAR T V5 R HAFAEXT R
M5 SR gL Y o SR, A A A BT R
B WANG PR 7 S P BOL T 25 5 1 I HL A 1) e
IR S4B, 7% A B ) A 2 e R A 0 e R 7
HOSIA, SHEIRAT CMAT R, AF . BEEFRE
FEVE T (R REAR 7 T L A AR, At — e
A X BRI ) A TR A B L & I M R AR S
AR | PRI DA R, n] LA R
SR MROAE 5 B s 25 LR O R AR A
R, TR B AN BRI 5 & 25 (M A T
T, A BT A A R A B AR T A

34 B A AERFERZEASEGEX T
YRR AW R BB S A 5 IR AR B i Y A G
P A3 PR R AR R R R R A /0 25 3 22 i) 114 i 2 %
AT o FR A ORI A AR I0 170 17T 175 45 A e 0
6], SHZRBEVIME . METHRY, K
TS F B O A B B g g, Rl Bt
g R B A S 2 . 2SR IEIR T T L
PRI AT i 2 e e T A SR ) A AR T I B e e i
AR A BRI 26 T SR, T AN B
INHL, BEAEEDY S B, FoA R 5 s
TS I R A SRR AR R REIR 5 28
JEE X K2 A A BRI 7 A 5 )

BRI — 5 PR Y BB A, AR R — o Y
R MEIRAS A ME R T A R ATy, MLANHRA
ROTAES HE AL I B ROTHRARER, &5
FHEEIRZEL, MR, M2 22 BgA
N, RIS R AR A 2 R T A AR PR
E], FEOSRCTHEREL. RGBS A A AR
i H CAYBENR I, 2 H AR ST . TR IR Y
Jin, e B IR L LA BT A AR S S g )
SHCEI MG TR, WL AR AR
— LSRR ST IR, SR 2 A A e i A 1 7
A A R E R IE R A, JE P R A ]
O | MRV IR TR AE A 0% FERERGTEBE
o R TR D PRI TR A A JCVR A A 8 ) 1 450
TS, R BEAR” A AN S B AR 4,
T IR S T AN M - ASIF T AR B AR &
JKF- RN 785 BE AR A T 2 R M N o f 2
1 FR e PR A T UEdE, A B T ki e
RIS RURIREIR T Z WA SC &R, AT it
LT BB LR

BRI B AR AR E T, (HIFA R
AT Y, 38 A R R BT LSO A A
SRR A, FRATT AT LA O BE T
PR A BB BT, 2 B ) T SR AL
AR AR, ATIISERBEAR TLAEECE AR KA R
RLEIR I, e DA T T Pk A IR S A A SR
MR A AN BN, DA i g FERE AR o

(& % x #f]

(1] #dRfe. SOPEREARN 2 X3 55 MR 2 A B AARHLRE RN 45
ARASHFZ [D] .79 TR, 2020.

[2]  ROBERTS B W, MROCZEK D. Personality trait change
in adulthood[J]. Curr Dir Psychol Sci, 2008, 17(1): 31-
35.DOI: 10.1111/.1467-8721.2008.00543 .x.

[3] LOGAN R W, MCCLUNG C A. Rhythms of life:
circadian disruption and brain disorders across the
lifespan[J]. Nat Rev Neurosci, 2019, 20(1): 49-65. DOI:
10.1038/541583-018-0088-y.

[4] BECKER S P, JARRETT M A, LUEBBE A M, et al.
Sleep in a large, multi-university sample of college
students: sleep problem prevalence, sex differences, and
mental health correlates[J]. Sleep Health, 2018, 4(2):
174-181. DOI: 10.1016/j.s1¢h.2018.01.001.

[5] CHOWDHURY A I, GHOSH S, HASAN M F, et al.
Prevalence of insomnia among university students in

South Asian Region: a systematic review of studies[J].



.« 604 *

WEREERFEW 20244E5 A 5B 45 %

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

J Prev Med Hyg, 2020, 61(4): E525-E529. DOI:
10.15167/2421-4248/jpmh2020.61.4.1634.
PORCHERET K, WALD L, FRITSCHI L, et al.
Chronotype and environmental light exposure in a
student population[J]. Chronobiol Int, 2018, 35(10):
1365-1374. DOIL: 10.1080/07420528.2018.1482556.
CORREA A, MOLINA E, SANABRIA D. Effects of
chronotype and time of day on the vigilance decrement
during simulated driving[J]. Accid Anal Prev, 2014, 67:
113-118. DOI: 10.1016/j.aap.2014.02.020.
WITTMANN M, DINICH J, MERROW M, et al.
Social jetlag: misalignment of biological and social
time[J]. Chronobiol Int, 2006, 23(1/2): 497-509. DOI:
10.1080/07420520500545979.

KOSCEC A, RADOSEVIC-VIDACEK B, BAKOTIC M.
Morningness-eveningness and sleep patterns of
adolescents attending school in two rotating shifts[J].
Chronobiol Int, 2014, 31(1): 52-63. DOI: 10.3109/
07420528.2013.821128.

KANDEL D B, DAVIES M. Epidemiology of depressive
mood in adolescents: an empirical study[J]. Arch Gen
Psychiatry, 1982, 39(10): 1205-1212. DOI: 10.1001/
archpsyc.1982.04290100065011.

VAN VEEN M M, KOOIJ J J, BOONSTRA A M, et al.
Delayed circadian rhythm in adults with attention-
deficit/hyperactivity disorder and chronic sleep-onset
insomnia[J]. Biol Psychiatry, 2010, 67(11): 1091-1096.
DOI: 10.1016/j.biopsych.2009.12.032.

PASSOS G S, SANTANA M G, POYARES D, et al.
Chronotype and anxiety are associated in patients with
chronic primary insomnialJ]. Braz J Psychiatry, 2017,
39(2): 183-186. DOI: 10.1590/1516-4446-2016-2007.
SATEIA M J. International classification of sleep
disorders-third edition: highlights and modifications[J].
Chest, 2014, 146(5): 1387-1394. DOI: 10.1378/
chest.14-0970.

GASPAR-BARBA E, CALATI R, CRUZ-FUENTES
C S, et al. Depressive symptomatology is influenced by
chronotypes[J]. J Affect Disord, 2009, 119(1/2/3): 100-
106. DOI: 10.1016/j.jad.2009.02.021.

HIDALGO M P, CAUMO W, POSSER M, et al.
Relationship between depressive mood and chronotype
in healthy subjects[J]. Psychiatry Clin Neurosci, 2009,
63(3): 283-290. DOI: 10.1111/j.1440-1819.2009.01965 ..
OKAWA M, UCHIYAMA M. Circadian rhythm sleep
disorders: characteristics and entrainment pathology in
delayed sleep phase and non-24-h sleep-wake syndromel[J].
Sleep Med Rev, 2007, 11(6): 485-496. DOI: 10.1016/
j.smrv.2007.08.001.

HISHINUMA E S, MIYAMOTO R H, NISHIMURA S T,
et al. Prediction of anxiety disorders using the state-
trait anxiety inventory for multiethnic adolescents[J]. J
Anxiety Disord, 2001, 15(6): 511-533. DOI: 10.1016/

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

s0887-6185(01)00079-2.

SILVA VM, MAGALHAES J E M, DUARTE L L.
Quality of sleep and anxiety are related to circadian
preference in university students[J]. PLoS One, 2020,
15(9): e0238514. DOI: 10.1371/journal.pone.0238514.
PUZINO K, FRYE S S, LAGROTTE C, et al.
Arousability as a trait predisposition to insomnia:
multidimensional structure and clinical utility of
the Spanish and English versions of the arousal
predisposition scale[J]. Sleep Med, 2021, 81: 235-243.
DOI: 10.1016/j.sleep.2021.02.033.

STEGMANN Y, REICHERTS P, ANDREATTA M, et al.
The effect of trait anxiety on attentional mechanisms in
combined context and cue conditioning and extinction
learning[J]. Sci Rep, 2019, 9(1): 8855. DOI: 10.1038/
s41598-019-45239-3.

CHO S, WHITE K H, YANG Y, et al. The role of trait
anxiety in the selection of emotion regulation strategies
and subsequent effectiveness[J]. Pers Individ Differ,
2019, 147: 326-331. DOI: 10.1016/j.paid.2019.04.035.
HORNE J A, OSTBERG O. A self-assessment
questionnaire to determine morningness-eveningness
in human circadian rhythms[J]. Int J Chronobiol, 1976,
4(2): 97-110.

SR, A2 SR ] 35 = 2R R AR R ) e B
g ] PR E O 2R R, 2007, 33( 5 ): 289-
290. DOI: 10.3969/j.issn.1002-0152.2007.05.008.
ZARER B SN HE T, 55 TR R AL S I A
AR5 UM T A A AR AS B2 (0] v ]
DA Z47,2016,30( 6 ):406-412. DOIL: 10.3969/
j-1ssn.1000-6729.2016.06.002.

CHELMINSKI I, PETROS T V, PLAUD J J, et al.
Psychometric properties of the reduced Horne and
Ostberg questionnaire[J]. Pers Individ Differ, 2000,
29(3): 469-478. DOIL: 10.1016/s0191-8869(99)00208-1.
CARCIOFO R, DU F, SONG N, et al. Age-related
chronotype differences in Chinese, and reliability
assessment of a reduced version of the Chinese
morningness eveningness questionnaire[J]. Sleep Biol
Rhythms, 2012, 10(4): 310-318. DOI: 10.1111/j.1479-
8425.2012.00577 x.

CAOQY, LIU Z. Factor structure and factorial invariance
of the state-trait anxiety inventory for Chinese children
and adolescents[J]. PsyCh J, 2015, 4(2): 74-87. DOI:
10.1002/pchj.78.

MORIN C M, VALLIERES A, IVERS H. Dysfunctional
beliefs and attitudes about sleep (DBAS): validation of a
brief version (DBAS-16)[]]. Sleep, 2007, 30(11): 1547-
1554. DOI: 10.1093/sleep/30.11.1547.

BUYSSE D J, REYNOLDS C F 3, MONK T H, et al.
The Pittsburgh sleep quality index: a new instrument for
psychiatric practice and research[J]. Psychiatry Res, 1989,
28(2): 193-213. DOL: 10.1016/0165-1781(89)90047-4.



PR AR

202445 H 5545 4%

° 605 -

(30]

[31]

[32]

[34]

[35]

[36]

[38]

[41]

SCHMIDT C, COLLETTE F, CAJOCHEN C, et al. A
time to think: circadian rhythms in human cognition[] 1.
Cogn Neuropsychol, 2007, 24(7): 755-789. DOI:
10.1080/02643290701754158.

QUY, LIT, XIE Y, et al. Association of chronotype,
social jetlag, sleep duration and depressive symptoms in
Chinese college students[J]. J Affect Disord, 2023, 320:
735-741. DOI: 10.1016/j.jad.2022.10.014.

YU JH, YUN C H, AHN J H, et al. Evening chronotype
is associated with metabolic disorders and body
composition in middle-aged adults[J]. J Clin Endocrinol
Metab, 2015, 100(4): 1494-1502. DOI: 10.1210/jc.2014-
3754.

HUMPHRIES R K, BATH D M, BURTON N W.
Dysfunctional beliefs, sleep hygiene and sleep quality
in university students[J]. Health Promot J Austr, 2022,
33(1): 162-169. DOL: 10.1002/hpja.471.

TAILLARD J, SAGASPE P, PHILIP P, et al. Sleep
timing, chronotype and social jetlag: impact on
cognitive abilities and psychiatric disorders[J].
Biochem Pharmacol, 2021, 191: 114438. DOI: 10.1016/
j-bcp.2021.114438.

AU J, REECE J. The relationship between chronotype
and depressive symptoms: a meta-analysis[J].
J Affect Disord, 2017, 218: 93-104. DOI: 10.1016/
j.jad.2017.04.021.

ROBINSON D, GELAYE B, TADESSE M G, et al.
Daytime sleepiness, circadian preference, caffeine
consumption and khat use among college students
in Ethiopia[J] J Sleep Disord Treat Care, 2013,
3(1): 10.4172/2325-10.4172/9639.1000130. DOT:
10.4172/2325-9639.1000130.
MARTINEZ-NICOLAS A, ORTIZ-TUDELA E,
MADRID J A, et al. Crosstalk between environmental
light and internal time in humans[J]. Chronobiol
Int, 2011, 28(7): 617-629. DOI: 10.3109/07420528.
2011.593278.

FOSSUM I N, NORDNES L T, STOREMARK S S,
et al. The association between use of electronic media
in bed before going to sleep and insomnia symptoms,
daytime sleepiness, morningness, and chronotype[J].
Behav Sleep Med, 2014, 12(5): 343-357. DOI:
10.1080/15402002.2013.819468.

ADAN A, FABBRI M, NATALE V, et al. Sleep
beliefs scale (SBS) and circadian typology[J]. J Sleep
Res, 2006, 15(2): 125-132. DOI: 10.1111/j.1365-
2869.2006.00509.x.

SAXVIG I W, EVANGER L N, PALLESEN S, et al.
Circadian typology and implications for adolescent sleep
health. Results from a large, cross-sectional, school-
based study[J]. Sleep Med, 2021, 83: 63-70. DOI:
10.1016/].sleep.2021.04.020.

ONG J C, HUANG J S, KUO T F, et al. Characteristics

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

of insomniacs with self-reported morning and evening
chronotypes[J]. J Clin Sleep Med, 2007, 3(3): 289-294.
BROWN F C, BUBOLTZ W C Jr, SOPER B.
Relationship of sleep hygiene awareness, sleep
hygiene practices, and sleep quality in university
students[J]. Behav Med, 2002, 28(1): 33-38. DOLI:
10.1080/08964280209596396.

LUNDH L G, BROMAN J E. Insomnia as an interaction
between sleep-interfering and sleep-interpreting
processes[J]. J Psychosom Res, 2000, 49(5): 299-310.
DOI: 10.1016/s0022-3999(00)00150-1.

PERRAULT A A, POMARES F B, SMITH D, et al.
Effects of cognitive behavioral therapy for insomnia on
subjective and objective measures of sleep and cognition[J].
Sleep Med, 2022, 97: 13-26. DOI: 10.1016/j.sleep.2022.
05.010.

TAN X, VAN EGMOND L, PARTINEN M, et al. A
narrative review of interventions for improving sleep and
reducing circadian disruption in medical inpatients[J].
Sleep Med, 2019, 59: 42-50. DOI: 10.1016/j.sleep.2018.
08.007.

GRUPE D W, NITSCHKE J B. Uncertainty and
anticipation in anxiety: an integrated neurobiological
and psychological perspective[J]. Nat Rev Neurosci,
2013, 14: 488-501. DOI: 10.1038/nrn3524.

Pt , F 8%, QI ek, 45 . B B el R 7 R A 1Y
FRIERR PTG O B R A A O PERT ST [T] . AR EE LR
H241%,2023,9( 4 ):609-613.

VITALE J A, ROVEDA E, MONTARULI A, et al.
Chronotype influences activity circadian rhythm and
sleep: differences in sleep quality between weekdays
and weekend[J]. Chronobiol Int, 2015, 32(3): 405-415.
DOI: 10.3109/07420528.2014.986273.

WOODS H C, SCOTT H. #Sleepyteens: social
media use in adolescence is associated with poor
sleep quality, anxiety, depression and low self-
esteem[J]. T Adolesc, 2016, 51: 41-49. DOI: 10.1016/
j-adolescence.2016.05.008.

FENG Y, MENG D, GUO J, et al. Bedtime
procrastination in the relationship between self-control
and depressive symptoms in medical students: from the
perspective of sex differences[J]. Sleep Med, 2022, 95:
84-90. DOLI: 10.1016/j.sleep.2022.04.022.
TURKARSLAN K K, OKAY D, CEVRIM M, et al.
Life is short, stay awake: death anxiety and bedtime
procrastination[J]. J Gen Psychol, 2020, 147(1): 43-61.
DOI: 10.1080/00221309.2019.1633994.

ZERBINI G, KANTERMANN T, MERROW M.
Strategies to decrease social jetlag: reducing evening
blue light advances sleep and melatonin[J]. Eur J
Neurosci, 2020, 51(12): 2355-2366. DOI: 10.1111/
ejn.14293.

(AxXmig] WHH



