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Analysis of sleep stage classification in elite athletes based on HRV
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Abstract: To evaluate the feasibility of heart rate variability (HRV )—based wearable devices for sleep monitoring in elite
athletes, a comparative study was conducted between the Firstbeat monitoring system and polysomnography
(PSG). Thirty elite athletes underwent simultaneous monitoring using Firstbeat Bodyguard 3 and PSG recorders
during two consecutive nights, yielding 60 nights of synchronized sleep data. Sleep stages including wakefulness,
light sleep, slow wave sleep (SWS), and rapid eye movement (REM) sleep were systematically compared. The
results showed no significant differences in the duration of all sleep stages measured by Firstbeat and PSG (p >
0.05). For wakefulness, specificity was 0.87, sensitivity was 0.93, and accuracy was 0.90. For SWS, speci-
ficity was 0.91, sensitivity was 0.78, and accuracy was 0.83. For REM sleep, specificity was 0.8, sensitivity was
0.6, and accuracy was 0.84. The confusion matrix revealed accuracy rates of 76.6% for wakefulness, 67.2% for
light sleep, 70.6% for SWS, and 58.4% for REM sleep. These findings indicate that the Firstbeat system can ef-
fectively monitor wakefulness and SWS, providing a feasible alternative for sleep assessment in elite athletes.
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Tab.l General characteristics of participants
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Fig.1 Physical photographs and test schematic diagrams of

two monitoring devices
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Tab.2 Sleep stage duration and proportions among all

participants
SN I /min TE BRI R (5 /%
i AR G 425+46 100
TH R B 20.49+2.22 4.82+1.79
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H12 2 W 5 55 3 Y MR IR ) [ 22 HE R AR A R R
5 VR MR R B B 7 207, 5 T R A PR HIR 25 4 —
F;SWS HI REM (I HAF G (2 FE AR 1 T
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Tab.3 Paired t—test comparison and mean differences in sleep

stage durations between Firstbeat and PSG
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&4 Firstbeat 1 PSG YEUREAR & M B A5 Bk AN
R
Tab.4 Specificity, sensitivity, and accuracy of Firstbeat vs.

PSG in monitoring each sleep stage

R A B Sk UM e M
T TR 0.87+0.11 0.93+0.03 0.90+0.05
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SWS 0.91+0.05 0.78+0.13 0.83+0.12
REM 0.80+0.13 0.60+0.24 0.840.12
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Tab.5 Confusion matrix and accuracy of Firstbeat

compared to PSG across sleep stages
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T a WA LRFR B MG
H#% 5 Al Al
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Fig.2 Bland—-Altman plots across sleep stages between
Firstbeat and PSG
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TR UL 7 HH B2 T R GE iR 22, Firstbeat TE%%
R st P YR B G s A R A Ea 3k

(4) REM BB, 2 #7546 REM BrBen) K 2500
MEA T R TE RN, {8 Firstbeat 78 REM B B2 19 1R
22O AR LA I B O B 3, LR KK
REM BB, RIN—E M mfli o X R Ps IR 3l b B
{14 W AT 8 R JHL 42 2 1) A BRI 177 52 38— 78 R

MRS, Bland—Altman 8585 B 2580 , Firstbeat 5
PSG 7EIB FEAT SWS BBt HLAT 55 i 1 — 20k, 1 A 7 B
WA REM By BeAFE— B BRI 22 . X FR 22 1] g
585 B Be A BERRAE 0055 X BEAR G, Syt — 25 itk
Firstbeat AR 4RML T K3
2.6 LEBERSH

AR A DR MR AR AR 2R i 3 b s T
EEHA, FEREE BRIV R BB A L
H AT, R 78 #0256 T 0 B A% SRR 1) i ok W
0 R S 5Tt RN L ) ) (E A A B AR R T RIS
AR IR, BRI T BT B
F14) I IS 0T 25 0 38 5% 7 M 00 e I 5 i T T 1940 1
HHTE 0.81~0.91 Z[H], BURPELE 0.87~0.99 Z[H], fii
P SRR, AT 0.10~0.52 Z )= f5ijdn, Wi
2 FEREIR A VERG AT 69%~81% Z I8, Wil SWS ()
HERRA T 36%~89% Z A, M Wil REM [ 7Ef R A
T 62%~89% Z[H] . iIXLEL IR s, sk FE AR 5 A
ST BEA AR IR 52 2 AR B B, JLHLAETE &
2% 118 A I 97 B2 43 24 (AN i R A M AR | % e G 5 A o
AR B ) i) T I Bk

M Z T HRV VB —F s il [ =206 sl A
VbR, S H 0 B S 5 B A 07, SCRiR[2310F
FEW, 454 HRV SIFIAES B W05 % T SWS
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P N A N

i 44 4

FTENER R AT ik 89% ; SCHR[24 1898 KW, HRV 5
B H S R FH AT RS W 75% 9 SWS AT 70% LA
Y REM HEAR , {5 75 B AR B B2 0RO A R 55041, A
H 42%~52% 0 A SCHFFE 45 AL ELA R HERf 1, 31X
PE— 20 SR TR N R T A T HRV A I A 5
A, VIS A A A RERR 3 T E S, D HRV RN
FETI5 A 18 FH B A 7 5 M) ) o] 4 P B AR 4

ARWFFEVEAL T 3T HRV FNE Y Firstbeat
D5 A W I FIR B B A HH I RE 1, 45 3R B, Firstbeat
TE WS BRI FN SWS I, 5 brifE PSG A L ESe it
HEEES ., SR, 75 REM FITE BRI ] 4 Wi o
Firstbeat I HH —E 22, A EIX 25 (H% &
)7 [0 B IR Fof 4, 3o S35 2 7 S B oy FH Hp B ] 4232
P R BIEAE S W H  Firstbeat X AR T4 (%) W il
A HER , X5 b N BIRIFFE 45 P2

T BRI AR E S, IR AR B B 1 431K
F EEG.EOG .EMG Fl ECG #izC A8k, Rk, b
EEG.EOG #l EMG 155 (%) E4Z 0 & 15 REM 114 Wil
BRI RIXE, R HRV ZEAWTSE HHAB BT SO 242 3
HH A () B B S WL RE 7, (B A0 S LAt A B A ok X 43
MEAR BT BLURZOR I T —FH R, HIEEX EEG.,
EOG Fl EMG 155 RIEH AR Ak A8 oAt Wl . SR 177, ASBHF5E
FEUH RV 00 23R A Sy O e A 7 B A0 7 A 0 45 R e
BRI B 5 T PR I AT AR TS REAR S L P AR 2544

JUE I, ARG R R, 5 PSG AH L, First-
beat 75 A W SE B B BEEA R A5 AR S A A
FAPE K o R TR BRI B B, 5 55 v 0 R A
HYZRIAIRT S5 o 3% 1B Firstbeat J7 HE7E M BA B
B A8 A 28 T sh AR E A R I [ B e PR e 2, 1 7
IS P A PR AE A AS B S DX S S0 0 e 44 et

3. 5% i

¥ HRV Smst B4 AR4s &, T2 1) R B
B B %) -3 W0, RT3 A A5 e N 1A 1) e R o B 1Y)
Ak, WA R R .

(1) Firstbeat 7E 5 IUVE R .SWS Fl REM J5 i & 81
R v AR e T A YA R BB 70 A S v A R
X855, RS E—E R AR, Firstbeat 240 H
fEHEM: TR T R, AT 9% 3 G AR W 1)
TETELEHE, BRAE A H P B AL R AR 435 4 1) AR 75 /0 AH Gt
FREHE S

(2) AR FRARESWAESNE, 25
MR AR A W ok T B SR AR TG A

(BIZ5EEE), F-AE 2 B Firstbeat J5 ik AT T 5
WE. SR, AW AAE—E R R R IE . B, S
ATE PSQL VP43 b BRI o7 5 25 S — e B BE b e 1
R ZHENE  (EABF AR O ABI2 B £ A R FIR 5 A
At A DG i 5 [ A0 (o M A5 ) i 2 5385 FLIR
S5 RAGE FH TR A, FEIX SRR PR (A v 1) 3 M
AT i — LI

(3) ARAF NG FE 2R ZE Firstbeat J7 EETE NG R IR
S TV 7, JU R R R R o B i 1 P 114
AR R (R, i A DA o e e S oy B
0 P R e P R SR BRE R — 2D B T P AT
e 456 ZPMERAVEEE (AN HRV JInGERE I8 4%
S5 ) FF A AT, AT AR i e B AR A 00 o 8 7 1Y)
KEETT 1]
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