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Investigation on impact of sleep deprivation on sustained attention and

HRYV rhythm across different chronotypes

LI Jingqiang ,ZHANG Xuemeng,ZHANG Huanxi, WANG Qingfu
(College of Safety Science and Engineering, Civil Aviation University of China,Tianjin 300300, China)

Abstract: In order to elucidate the impact of varying sleep patterns on cognitive performance, this study
leveraged the principle of complementarity among different chronotypes. This approach guided the strategic
pairing of personnel for morning, evening, and night shifts, with the goal of enhancing operational safety
and efficiency. The research involved a regimen of fixed sleep schedules, subjecting individuals with
distinct sleep preferences to 30 hours of sleep deprivation. During this period, participants” HRV and
levels of sustained attention were closely monitored. Moreover, the study utilized several established tools
to evaluate fatigue in sleep-deprived individuals: the Karolinska Sleepiness Scale ( KSS), the
Morningness-Eveningness Questionnaire ( MEQ ), and the Pittisburgh Sleep Quality Index ( PSQI).
Findings revealed that, throughout the sleep deprivation period, individuals with a preference for evening

activities exhibited significantly more pronounced variations in HRV time-domain indicators ( RMSSD =
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38.301+£17.056, P<0.001). These variations were characterized by greater fluctuation intensity and
amplitude, as well as more evident periodicity. KSS scores across all chronotypes show a general upward
trend, with those of intermediate chronotypes displaying the highest correlation with HRV frequency-
domain indicators ( LF/HF=0.769, P<0.05). Morning-oriented individuals demonstrated higher levels of
sustained attention between 11:;00 AM and 5:00 PM, with accuracy rate linear regression coefficients
ranging from 1.5 to 1.7 (x107™). In contrast, individuals with intermediate sleep patterns peaked in

attention from 7:00 AM to 12,00 PM, while evening-oriented participants exhibited significantly different

patterns compared to the other two groups.
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Fig.2 Curve level of HRYV for three chronotypes
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Table 1 Statistical analysis of HRV for three chronotypes
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Fig.3 Curves of KSS score for three chronotypes
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"R P<0. 05,
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Fig.4 Curve level of linear regression of reaction time and correct rate for three chronotypes
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Fig.5 Smooth curve level of absolute value of linear regression of reaction time and correct rate for three chronotypes

3.6 CCA

3 FPREARZE A KSS 43EH 5 HRV 1 CCA L3 3,
3 iR AR S AU KSS 430 fH 5 HRV ) RMSSD | LF/HF |
ApEn 435I S BB AR S | JE A7 7E AN [ 72 B A A3 22
Ag, TE ApEn 53 e Ap 8 0, R HA K&

MIIEEPE, 3 AN EtR, rh ] R A A8 SOR DG
B (LE/HF=0.769,P<0.05) , Hoyk & . 2 8 ( LF/HF
=0.736,P<0.05) , KM AU AIK, %22 5 09 R R o] fig
TR AV IR Y45 AR 8, >0 1L 75 5 0L I e
FERE R A w22, S8 H HRV 28 AHCHEREIL,

®3 3MEEERZEE! KSS 4{E5 HRV B CCA
Table 3 CCA between KSS scores and HRV of three chronotypes
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A& SURH Ap/h A& X AHKAE Ap/h & NAH KA Ap/h
pLdikid KSS 0.459" 0 0.312 2 -0.640" 2
v i) 2 KSS 0.960" 0 0.769" 1 -0.960" 0
LR KSS 0. 669 0 0.736" -1 -0.894 " 1

" #m P<0. 05, K 4TA,
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MBI CCA W3R 4, HF 4 ATH A SUA-TTS
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KSS #P 5 308 1 3¢ AR M, o B R 5
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Table 4 CCA between absolute value of SUA-TTS and HRV and KSS scores of three chronotypes

CCA
ig (S%%ES) 5 RMSSD 5 LF/HF 5 ApEn 5 KSS
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