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AHHOTALMA
3apaya 06bEKTUBHOM [ETEKLMWU COHNMBOCTM MO (U3MONOrMYECKMM NOKa3aTeNAM ABIAETCA aKTyanbHOW AnA obecrneyeHmn
6e30MacHOCTM TPAHCMOPTHbIX NEPEBO30K M GYHKLMOHMPOBAHWA NPOMBILLNEHHbIX NPeaNpUATHIA. BBAY noBceMecTHOro uUc-
Momb30BaHWUA FafeToB ANA PerncTpaLmmu putMa cepaua BaxKHO ONpefenuTb BanuaHble METPUKM, KOTOpblE COrNacoBa-
Hbl C TEKYLLMM YPOBHEM COHNMBOCTU. MccneoBaHKA NOKa3bIBAIOT, YTO CTATUCTUYECKUE U CMEKTPasbHble METPUKM pUTMa
cepua cornacoBaHbl ¢ YpoBHeM bauTenbHoCTM/coHnmuBocTH [1, 2].
Llenb pabotbl. BeiAiBneHve METPUK pUTMa cepLa, KOTOpbIE CBA3aHbI C OTHOCUTENBHO HU3KUM W BbICOKUM YPOBHEM Bevep-
HeN COHMMBOCTM B eCTECTBEHHBIX YCIIOBUAX.
B KauecTBe MaTepuana 419 AaHHOM CTaTby ObINo BbIbpaHo 32 3anmcy u3 gataceta SSDD (Subjective Sleepiness Dynamics
Dataset), cobupaemMoro B nabopatopum Kubepncuxonorum HHI'Y ¢ 2022 r. [lu3aiiH sKcnepyMeHTa COCTOAN B CleLyIOLLEM.
YyacTHUK y cebsa joMa HapeBan faTumK permctpauum putMa cepgua (Polar H10) B 19:40 1 nogkmouan ero K npuoxeHnio
Ha cMapTdoHe. [lanee y4aCTHWK 3amofHAN B 3NIEKTPOHHOM cucTeMe AaHHble o cebe. HaumHaa ¢ 20:00 n panee Kawable
30 MUHYT OH 0TMeYan AaHHble 0 Cy6beKTMBHOM coHnMBOCTM No KaponuHckon (KSS) n Ctandopackoi (SSS) Wwkanam coHnu-
BOCTM BMJI0Tb O TOr0 MOMEHTA, KOr[a OH NIoXKmMAcA cnatb. 0TobpaHHble 32 3anvcy yooBNeTBOPANM CieyioLLUM YCIOBUAM:
BCE Y4acTHWKM nernu cnatb ¢ 22:30 go 23:00, BoBpeMaA 3anonHunm KSS u SSS Ha kawpaom BpeMeHHoM 3Tane (20:00, 20:30,
21:00, 21:30 n 22:00).
[InA Kakporo BpeMEHHOr0 3Tana BbICYMTLIBAMCA MHTErpanbHbIf 6ann COHAMBOCTY Mo GopMyne:

sl=(KSS/10+SSS/7)/2.
[na aHanu3a 6binn 0T06pPaHbl 4-MUHYTHBIE 3aNMCW PUTMOrpaMM, COOTBETCTBYIOLLME BPEMEHHBIM 3TanaM 3anofHeHnsa KSS
n SSS. 06paboTka paHHbIx npoBoamnack B Jupyter Notebook. C noMoLubto naketa «hrv-analysis» BbICHMTBIBANMCb CTAaTUCTH-
UYecKue, CrEeKTpanbHble U HENMUHENHBIE METPUKU pUTMa cepaLa (no putMorpamMme — nocnefosatenbHocTM NN-1HTepBanos)
LA KarKOoro BpeMeHHOro atana. [puMeHsnca kputepuii CTblofeHTa AnA cpaBHEHWA METPUK AN PasHbIX YPOBHEW COHM-
BOCTW MO MHTErpanbHoMy 6anty (YCNOBHO «HM3KUI YpoBeHb» cumTanca npu sl <0,45; «Bbicokui» — npu sl >0,55), a Takke
KpuTepui MpcoHa AnA OLEHKM CBA3M Meay Sl M METPUKaMU pUTMa Cepaua Ha Kax[aoM BPEMEHHOM 3Tare.
OKkasanocb, 4T0 MeTpUKKM, OTBevalolMe 3a BapuaTMBHOCTb nocnepoatesibHocT NN-unTepsanos (NNi_50 (p=0,027),
NNi_20 (p=0,007), pNNi_20 (p=0,024)) nmetoT MeHbLUMe 3HA4YEHWA [N1A BPEMEHHbIX 3TanoB, NPU «HWU3KOW» COHIMBOCTM
(N=54), 4yeM npu «BblcoKoM» (N=58). TaKe BbIACHU/IOCH, YTO MHAEKC BereTaTMBHOr0 6anaHca (OTHOLLEHUE MOLLIHOCTM CreK-
Tpa BapuabenbHOCTU pUTMa cepaua B 0611aCTM HU3KMX YacTOT K MOLLHOCTM B 06/1aCTW BbICOKMX YacToT) BbILLE NPU «Bbl-
COKOM» COHIMBOCTH, YeM NpM «HU3KoM» (p=0,015). KoppenAunoHHbIA aHanu3 noKasan, Yto CBA3U MOy MHTErpabHbIM
6annom no COHNMBOCTM M METPUKaMM pUTMa CepaLia UMEKTCA TOMbKO AnA BpeMeHHoro atana 20:30. O6HapyeHbl cBA3N
sl ¢ pasmaxoM NN-uHTepBanos (R=—0,388; p=0,028), BbIpaKEHHOCTbIO AKTUBHOCTM CUMMATUYECKOMO KOHTYpa perynsauum
(R=-0,383; p=0,031), HenuHenHbIM NapacuMnaTnyeckuM nHaexkcom (R=-0,359; p=0,043).
TakuM 06pasoM, MOXHO 3aKNKUUTb, YTO OTHOCUTENBHO BbICOKAA COHNMBOCTbL CBA3aHa C 60fee HM3KMMK MOKasaTenamu
Mo BapMaTMBHOCTM PUTMa CEpALa, a TaKKe C MeHbLUEW aKTUBHOCTbIO BEFeTaTUBHOWM HEPBHOM CUCTEMBI B LIENIOM.

KnioueBbie cnoBa: COHNMBOCTb; PUTM CEPALIA; 3aCbiNaHue; CNeKTpasbHble METPUKM; BPEMEHHBIE METPUKM; HENUHENHBIE
METPUKM.
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Analysis of heart rate indices at different levels
of sleepiness

V.A. Demareva*

National Research Lobachevsky State University of Nizhny Novgorod, Nizhny Novgorod, Russian Federation

ABSTRACT
The objective detection of sleepiness through physiological indices is crucial for ensuring transportation and industrial safety.
As gadgets become more commonplace for measuring heart rate, it is important to identify valid indices that correlate with
the level of sleepiness. Research indicates that time-domain and frequency-domain heart rate indices align with levels
of alertness and sleepiness [e.g., 1, 2]. The aim of this paper is to identify heart rate indices that correlate with varying
degrees of evening sleepiness in vivo, whether low or high.
The data analyzed in this paper was obtained from 32 recordings from the SSDD (Subjective Sleepiness Dynamics Dataset)
collected at the UNN Cyberpsychology Laboratory since 2022. The experiment was designed in the following manner:
participants put on a heart rhythm sensor (Polar H10) at 7:40 PM in their homes and connected it to a smartphone app.
Participants then completed a self-reported questionnaire in the electronic system. Starting at 8:00 PM, and every 30 minutes
thereafter, the participant recorded data on the subjective level of sleepiness via the Karolinska (KSS) and Stanford (SSS)
sleepiness scales up until the time of the participant’s bedtime. The selection of 32 recordings met specific criteria: all
participants went to bed between 10:30 and 11:00 PM and completed both the KSS and SSS on time at each time point
(08:00, 08:30, 09:00, 09:30, and 10:00 PM).
For each time point, an integral sleepiness score was calculated according to the formula:

sl=(KSS/10+SSS/7)/2.
The 4-minute rhythmogram recordings corresponding to the time points of KSS and SSS filling were chosen for analysis.
Data were processed in Jupyter Notebook. Heart rhythm indices, including time-domain, frequency-domain, and nonlinear
indices, were computed for each time point from the rhythmogram — NN-interval sequence — using the “hrv-analysis”
package. The study employed Student’s t-test to compare indices for varying levels of sleepiness based on integral scores,
where “low level” was defined as sl <0.45 and “high level” was defined as s >0.55. Additionally, the Pearson criterion was
used to evaluate the correlation between sl and heart rate indices at each time interval.
The indices responsible for the variability of the NN-interval sequence, namely NNi_50 (p=0.027), NNi_20 (p=0.007),
and pNNi_20 (p=0.024), exhibited lower values during periods of “low” sleepiness (N=54) as compared to “high”
sleepiness (N=58). Moreover, we observed that the autonomic balance index, i.e., the ratio of the power of the heart
rate variability spectrum in the low-frequency band to that in the high-frequency band, was higher during ‘high’
sleepiness (p=0.015). Analysis revealed that correlations between integral sleepiness score and heart rate indices
were present only for the 08:30 PM time point. Correlations of sl with the NN-interval range (R=-0.388; p=0.028),
the severity of sympathetic regulatory circuit activity (R=—0.383; p=0.031), and the nonlinear cardiovagal index
(R=-0.359; p=0.043) were found.
Thus, it can be inferred that increased sleepiness is associated with decreased heart rate variability indices, along with
decreased functioning of the autonomic nervous system overall.
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