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Temporal Variability in Heart Rate Autonomic Indices During Early

Hospitalization in Spinal Cord Injury: A Lesion—Level-Based HRV Study
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% Dept. of Physical therapy, Graduate School of Sahmyook University, Seoul, Republic of Korea

Abstract

Background: Although heart rate variability(HRV)
has been studied in individuals with spinal cord in-
jury(SCl), investigations have emphasized
chronic stages or focused on nocturnal measure—
ments, leaving daytime HRV dynamics in acute SCI
largely unexplored. The objective of this study was
to characterize diurnal HRV patterns in the acute
stage of SCI and to evaluate differences in auto-
nomic regulation between patients with injuries at
or above T6 and those with injuries below T6.

Design: Repeated measures observational study.

Methods: This repeated measures observational
study evaluated HRV at six time points throughout
a single day at 2-hour intervals (from 8AM to 6PM).
A total of 60 patients with acute SCI(30 with in-
juries at or above T6 and 30 with injuries below
T6), admitted to 3 rehabilitation hospitals between
2020 and 2024, were included. HRV parameters—

most

including standard deviation of NN intervals(SODNN),
root mean square of successive differences(RMSSD),
high-frequency(HF), low-frequency(LF), very low
frequency(VLF), and the LF/HF ratio—were recorded
using the SA-3000NEW device. Repeated-measures
analysis of variance(ANOVA) was conducted to as-
sess temporal changes, adjusting for age and sex as

© 2026 by the Korean Physical Therapy Science

covariates.

Results: Group differences were significant in
SDNN, HF, LF, and VLF, with the Below T6 group
consistently showing higher values across all time
points. RMSSD showed a significant time effect, but
no group difference. LF/HF ratio showed a sig-
nificant main group effect without a time effect.
Notably, certain time-of-day differences, partic-
ularly between 08:00 and 18:00, were statistically
significant.
Conclusion: HRV in acute SCI patients demon-—
strated distinct temporal patterns and significant
differences based on injury level. Patients with in—
juries below T6 exhibited more stable autonomic
function throughout the day. These results highlight
the need to account for both circadian timing and
lesion level when assessing autonomic dysfunction
during early rehabilitation.

Key words: autonomic nervous system, spinal cord
injury, heart rate variability, heart rate
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HaZEL(spinal cord injury, SCI), Sal &9 2= 41F &4 EliiM=s a3 Jls Motz elst MEY,
AZRHNM DY HNEY, XE41d BrAI0|A(autonomic dysreflexia) S Craksh A&z SHHE0| S0t L8
CHWest S, 2013; Myers S, 2007). SCIJt &2 D10l 0IXl= F&s U tef H7E Solf LEE H240]
SIRHR/OLE, &=& FEOF 20| 2 SHAE2 HERQl Me|sHA BES0l= 01240l SN0, HpaZol A2t
T e MHsSaFH sS4 2 010l Z&2 0IXl= ME Mol st H72= &S| £EGHCHSchoffl S, 2024;

Hodgkiss &, 2023).

ZI20= SCI 2HAte] A& NsEald D J
bility, HRV)Jl ZEHI5IH 2510 QUCHL HRVE A& 2is 2+ Al2t 2122 BisSS8E 2|0
2E X=20ILh AEHAN 0Lt SUNCZ BISEtD 3=6h=XE BIEdl= XIHO

Addleman s, 2024; Park
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XI2t, SCI XM= 01248t H3IIF Hel Z2HEE|X| 4UACHd =

MBI FeEde 22 SRS A2 & IS0l 0 3 £4%A1D, nZaBH e &4

A0l AUSE Z2HECL OIZAH SMIK SClI SHAE HASZ 24A12F St HRVE =

(Saengsuwan &, 2024; Malmavist S, 2015), IRE &l & JAMEZ 815110 U= HlwA
IS A2 5D (Saengsuwan S, 2024; De Maria S, 2023; Rosado—Rivera S, 2011), SCi

EXF CHAY A& BOEIRICL, 13140(01LE ofF 2B1(0tE, HYE) &2 & JI2F & 33

(Stampas &, 2023; Buker, S, 2018; Malmavist S, 2015), 24&F ME 20| M| EHap2A Y- T2 HRV
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282K K&, REE, S &gt 2 6J1F OlLf SCI &HE a2 AAIGHILEL &+ tHal2 SCI AHs
22 B T, 8+ 6H(T6) &4 +=FES IIECZ 49 EAZ(T6 & Above)t 5t7l E&Z(Below T6)22 P20

, 2024: Serra-Ano S, 2015).

on

CHSaengsuwan

CONSORT Flow Diagram

[2020.5.4-2024.12.23 ] SRR
Assessed for eligibility (n=118)

Excluded (n=12)

+ Not meeting inclusion criteria (n=5)
+ Declined to participate (n=5)

+ Other reasons (n=2)

‘ Participation (n=106) ‘

I

v L Allocation ) y
Allocated to T6é & Above (n=60) Allocated to Below T6 (n=46)
+ Received allocated participation (n=59) + Received allocated participation (n=44)
+ Did not receive allocated participation (Sore) (n=1) « Did not receive allocated participation (fever,

cold) (n=2)
v Follow-Up 3
\ J

Complete 6 evaluations (n=33) Complete 6 evaluations (n=32)
Discontinued (Missed at least 1 evaluation) (h= 26) Discontinued (Missed at least 1 evaluation) (n=12)

v Analysis 3

Analysed (n=30) Analysed (n=30)
+ Excluded from analysis (Anomalous value due to + Excluded from analysis (Anomalous value due to
Autonomic Dysreflexia) (n=3) drink coffee) (n=2)

Figure 1. Flow Diagram of Participant Recruitment and Inclusion (Modified CONSORT Format)
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=3 F 1022 AFS 5 20| 522 K¢ SES KIS0 HRVE 2IABIICL T6 & Above 18 2ol S&
A, ANl BS X E20| BR6HD, FAARL 422, MY, YRR|(LRIE, AIEE) SO BZH QoI

= Clolf 240| LRSI 2A12F 2tH22 =HoIRILH.

HRV SE2 & 8AIRH 2A12F 2222 @5 6AIMK & 63| AU, SHAIZE 20l HOMSHH L&k Mgt
2 SAIS FOIALL JI2E FH JIEARIY £5Z OILHS XIHLAUIA AIXGIR D, 2ot @M BAISZ0 SEE Al
Ast FOMADF QICHH, 1 01F "It 2 oY AlZ2 5201 S S AIEGIACHFigure 2. A, B).

HRVE w2t & S2AZ0 &Y AHE FNo2 TS 4 = XIHO0IO, Al2ZF YS(SDNN, RMSSD &)t
Fob BA(LF, HF, VLF, LF/HF )22 LI MSAZAHCS JIss st & £ UCHvan Es S, 2024; Park
S, 2022; Tsou &, 2022; Kim &, 2021, 28& &, 2020). Al2t 99 X HE= B2 Aet(Heart Rate, HR) 20l
JISAIRE Sote| ME Bt=2] R-R interval Hat 8EE S HMelst gl B4 2t HEEX (SDNN)2F =5t
4 gts 249l X019 M=EF2(RMSSD)0ICE. Sk A X HE= R-R interval 2 SIS 2t =t HEE IHY
oz 2elotod =XMZF0HVery Low Frequency, VLF), XZTHLow Frequency, LF), D=IHHigh Frequency,

HF) SR0A SZECIUCKTable 1).

Table 1. Parameters of heart rate variability

Parameters Unit Detail items
SDNN ms Standard deviation of all normal-to-normal R—R interval
Time domain
RMSSD ms Root-mean-sguare of successive differences
HF power ms2 Power in high frequency range, 0.15-0.4 Hz
LF power ms2 Power in low frequency range, 0.04-0.15 Hz
Frequency domain
VLF power ms2 Power in very low frequency range, <0.04 Hz
LF/HF ratio Sympathovagal balance
HF I = 0.15~0.40Hz2] =1t HP LHOl U= HRVS ABIEHE H20Z2 =2 21028 AH(0I1FAIAH) =9
gais Yo S5 FHIS 28U LEsH 2340| JACHNagai S, 2025; Kiyono S, 2017). HF II¥= ms? &RIZ2
=Hst HF 422 371010, 2t AlFH JIsel A2ig = Qe XIEOICHKuzmenko S, 2022; Deshpande S,
2016). &8 DF0} MRSl Z4as DIFAIE 2T 242 2EH0| JCH, Ol ARN, YxY, S0t Zole 22
ZIE0A &0 2EECHNagai S, 2025; Kiyono S, 2017). HF II¥E= S5 IHEN 3 F&s D] IR0l &5
J|ot e 2naA =2 Bllole O 888 SF0ICHKuzmenko &, 2022; Graff S, 2013). S84 HES
EHIA HF S20| =242 J|s& 2D s =20 =0 0lXle 980 LX=CHGraff S, 2013)

,_
o
=
£
rr

04~0.15Hz2l k4 &9l LHIM HRVSl ARER H20ICH DZAZT FDANE BSO| IS
pS|
=]

SHHl 20 UCHKIyono S, 2017). LF II¥=E ms? &9l2 S5

AJI0I0, AdEt==0ll CHEF w2dlA Hato| AES BHEEHHCowan, 1995). LF I & S w&tld =
EIIE UEUWE XEZ SHAEC Ol NEY, MR, AEYA 24 ZoH S2 2E0M Edl 2FE CHKiyono
g, 2017). &4 =F0| ¥2=+5(Below T6) =H SHEN, Ol 0= n24F & S02AF ZESHD 20|

QUCHSaengsuwan S, 2024).
LF/HF HI2 LF IIYE HF OIFN2 LU HIAGHD, D2HAIA D S128E 80| FES LIEHH=E XIE
AMEZECHKuUzmenko S, 2022). LF/HF HIE0| =245 w2AZ30| 2AI6ICH=E 212 LEHUD, 2 HIg2 21
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Table 2. General and clinical characteristics of subjects (n=118—60)

T6 & Above (7=60—30) Below T6 (7=46—30) P

Sex (n (%)

Women 14 (46.7%) 15 (50.0%)

Men 16 (53.3%) 15 (50.0%)

Age (year) § 38.9+13.9; 34.5, 18~72 37.7£16.3; 34.0, 18~76 .5252

Height (cm) § 168.7+£11.7,167.9, 147~192 167.3+13.5; 168.5, 139~187 .6244

Weight (kg) § 67.9+23.7; 69.0, 48.2~94.3 62.0+14.3; 57.9, 43.8~86.9 .3871

BMI § 23.7£1.9; 23.9, 20~26 21.9+2.32; 22.19, 1726 .0596
Level of injury (n (%)

C1-C4 5 (16.7%)

C5-C8 22 (73.3%)

T1-T6 3 (10.0%)

T7-T9 5 (16.7%)

T10-T12 5 (16.7%)

L1-5 20 (66.7%)
Severity of injury (n (%))

AIS-A 1 (3.3%) 1 (3.3%)

AIS8 5 (16.7%) 2 (6.7%)

AISC 16 (53.3%) 14 (46.7%)

AISD 8 (26.7%) 13 (43.3%)
Medical history (n (%)

Smoking status 13 (43.3%) 16 (53.3%)

Previous cardiovascular 0 (0% 0 (0%
event

Asthma 6 (20.0%) 8 (26.7%)

Pneumonia 5 (16.7%) 5 (16.7%)

Diabetes mellitus 7 (23.3%) 4 (13.3%)

Hypertension 16 (53.3%) 14 (46.7%)

Hyperlipidemia 12 (40.0%) 10 (33.3%)

Note ¥ (mean+SD; median, min~max)

2. A2t9S X E(Time domain parameters)

Standard deviation of all normal-to-normal R-R interval(SDNN)

SDNN XIEo| &2, 84 ™0l FZAD(Mauchly’s W 0.743, p=0.309), & 2} F5lt= S2AGHH LIEH
1, T6 & Above J1E1 Below T6 JI& 2t ER0 =28 Xt01JF UACHAT,56)=5.727, p=0.020, 73=0.093).
Azl F=5k= |RCI6HK LUAM(A5,280)=1.500, 0=0.190, %=0.026), Al2tt 1I& 2t &SHET SHEC=Z
FOIGHA LUACHAS,280)=0.283, p=0.922, 3,=0.005). 4Lt &X CHHINIM= Al2t2] B3P K28t XH0I1E B
SHM(AT, 56)=7.81, p=0.007, 2=0.122), Ol= GIF & S& AIHHUIAS Bt SAGICH= Its&EE AIAFSHTL

0x

E AMZHOIAE O 28 Bz H0ls 2ZEXE, 24 X012 EEEXI| FeeZ SHH Rols
. 2= AIZHCHOIA Below T6 82l B SODNNO| 2t O =2l LIEHRSH, Sal 28 1
X0I1(+4.01ms)E ZRUCt L& AR HE 2t0] K05t 3Xt HE ASAZE MIStlE KOS Y8 St Al2Ex

HdE ASHE2 ALK LUACKHAT, 57)=5.13, p=0.021, 72=0.091)(Figure 4).




Table 3. Temporal Variability in HRV parameters between groups during daytime

§AM 10AM 12PM 2PM 4PM 6PM RM ANOVA
HRV parameters  Groups
Mean SD Mean SD  Mean SD  Meam  SD Mean SD Mean SD F P
SDNN T6&Above 31.99 8.11 30.36 7.72 30.30 8.56 30.55 8.16 2953 6.22 28.17 6.41 Between groups 5.727 0.020°
(ms) Below T6 35.16 9.01 34.37 9.12 33.50 11.56 32.34 787 321t 10.50 29.13 5.87 Time® 1.500 0.190
Between groups Cubic copmst  7.810 0007"
Time + ;: Time x Sex 5130 0022
RMSSD T68&Above 19.13 1.07 17.97 0.93 18.48 1.02 17.39 121 17.06 1.16 15.38 0.72 Between groups =0.05
(ms) Below T6 1930 136 1835 146 1871 106 1755 116 17.09 112 1545 0.1 Time  9.025 <0.001""
Between groups Time x Group 0.240 0544
Time + $ Linear copirast 42870 <0.0017"
HF power T6&Above 29721 5842 27526 37.56 291.66 4582 232.50 3023 195.77 45.76  241.83 36.58 Between groups 5727 0.0027
(msz) Below T6  372.06 11391 35576 11822 36934 12107 34970 110.37 29414 10041 282.84 8538 Time 4.025 00027
Between groups ke ki % Hhk Ll Ll Time x Group 3.925 0002”7
Time Linear ctmitg;iest
LF power T6&Above 300.38 37.22 276.44 5340 286.55 5070 213.14 5443 196.16  38.83  241.62 33.01 Between groups <0.01"
(1s) Below T6 54598 179.94 507.30 171.22 53162 18246 508.06 161.19 443.65 14507 47505 17203 Time 5494 <0.0017
Between groups k¥ *E 2% ¥ % % Time x Group 2.842 0016
Time i + : i Linear c&litgla:g
VLF power  T6&Above 39796 4627 39075 6185 42273 5640 41155 7733 26303 73.02 26679 5608 Between groups <0.001™"
(msz) Below T6 674.30 225.07 638.19 202.56 603.28 18199 491.58 172.18 47947 17836 502.19 164.66 Time® 6.143  <0.001""
Between groups Bxx *xk E2¥ =& EEE ExE Time x Group 11.812 <0.001™"
Time Nonlinear (Time)
LT/HE T6&Above 106 027 103 027 100 020 093 024 106 032 103 0.24 Between groups  126.406 <0.001™"
Ratio Below T6 1.48 0.32 1.45 0.34 147 040 1.47 0.30 1.54 0.32 1.70 0.46 Time 0.610 0.692
Between groups ¥ ¥ i i *3 bk Time x Group 1.597 0.161
Time + 3 Linear confrast

ime)

Note. SD: standard deviation,

* ®5 and *** : denote significant levels at 0.05, 0.01, and 0.001
© - Greenhouse-Geisser (Adjusted degrees of freedom)

T, % : denote significant levels at p=0.016, p<0.001, Multiple comparisons (post hoc tests, Bonferroni correction)
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Figure 4. Time—tesolved SDNN values at 2-hour intervals during work hours
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Figure 5. Time—resolved RMSSD values at 2-hour intervals during work hours

Root-mean-square of successive differences(RMS3D)

RMSSD XIHS &2, REAH JIE0| SFTAl £LAD(Mauchly’s W=0.558, p=0.005), AlZt0ll Uit SHESZ
Kot HEE BACHAS, 280)=9.025, p<0.001, 7=0.139). 1Ll Al2tDt £ARYE(OSE) 2H0l ASEE sl

F2IGHA LUACH (F(5 280)=0.24, p=0.944, r>=0.004). 2t AIZIUOIM O 2t RMSSD XH0I1E & st 21, 2=
AMZHHUHIA O 2t X0l= SHECZ KOI6HK| LUACHZE p>0.05). RMSSD2 AlZ2E Z0ll (2 Bst= &1
OLt, &4 geol J&e2 HetEel Aoz GiME = QUCHL Al 2 RMSSDO BisHFshe
Greenhouse-Geisser =& MREE JIECZ R2ISIRUCHA4S.13, 231.34)=9.025, p<0.001, 77=0.139). &t
(Group), A'Y(Sex), LIOI(Age)2t AlZt 2t ASXE Sit= 2F SHECZ R2IoHK| LUCHRE p>0.3). CHEH|
1w (Bonferroni Z=X)0l 2H, & 8AI? 2% 6Al AI0I2) B2 RMSSDE S9|0I6HH 2ABHHCH<0.001).
10AMIt 12PM AFOl & 2PM 1t 4PM AFOIE RIQISH, 2= OI& AIRIHHIM 22l0lst 24 Zgk &0ITACH &Y
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YESH ASAER2 QURULCEL &Y UiHI ZW0IME AIZH [HE RMSSD2l HRIFQI 240t SHXHCZ R2IGHACHA
56)=42.870, p<0.001, £ ?=0.4371).
o S24d JI8E HEoIACHFigure 5).
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Figure 6. Time—resolved HF values at 2-hour intervals during work hours

3. =0k ¥ X E(Frequency domain parameters)

Power in high frequency(HF)

HF XIE2| 3%, 784 JEE0I SFDUD(Mauchly’'s WA0.752, p=0.351), AIZHI (FE HF2| HSK=&1= SHES

SOIGIRCHAB,57)=4.025, p=0.002, 7=0.067). 1& 2t =&= KIS LIEKEL, T6 & Above 11E1t Below

76 18 22 B2 K28t X019t UJACKA1,56)=5.727, p=0.020, r2=0.093). DS Al2te] ASEE St L5t RO
tO4(A55,57)=3.925, p=0.002, r=0.065), AI2}0fl 2 HF B3O & 8 240l CIEEA LIEIEE AIARGIRACE BHH, AlZHt

AY, Y 20| ASXE Sik= RIS SLUCH>0.05)(Figure 6). AFREA Shapiro-Wilk ZIAF 21t THEE

N 874 e SF(0>0.05)51% 10, 2E AIZICHOIA Below T6 1E0! T6 Above 014 JEECH =2 HF gt

o S/ BAZ=
3| 2F ARIUHEPM~6PM)OIA XHODE I SEHRCHp<0.001). LHRE AIRIUOIA d=0.57~0.86 +=&2% &1 DI

(Cohen's d)y= &2t0|aF 2 =DI|0]ICH

Power in lower frequency(LF)
LF XIES B, 2&A JIE0| =Y D(Mauchly’'s WA0.776, p=0.473), AI2HIl 2 LFO HaKE=Sh= EHES

2 SOIGISCHAB,280)=5.494, p<0.001, 2=0.089). &t AIZtNt O 20| ASE2 ST SO2IGHH LIEKT
(A5,280)=2.842, p=0.016, r7=0.048). HAH AE(Shapiro-Wilk)2 22 ARHHUHIA ERAES SHEEGSIZCHE>0.05).

S|(Cohen’s 0-0.96~1.65)= 2= AIRIHOIA 0.96 Olae=, OF 2t 2 XI0IE SRUCHL AFRZE 2t 8AM it
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2PM, 4PM, 6PMOIA LF 2401 S2IotH 2A8HHCH(0<0.001), O 2til= 2= AIZHHOIM Below T6 150] 76 &
Above JJE2LH ROIGHH =2 LF 22 E/UCH<0.01). Levene's TestOIA S22 S=C(X] 201 2 ARIHHIA 2
& 2t 122 2 (Mann-Whitney U test)S AEHSIRLD, 2= ARHHUHIA S2l8t XH01(0<0.05)0t EIZ|ACKFi gure 7).
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200 { % %

diil—endBbbasssssEaRaEs - TimeT**
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Time of Day

Figure 7. Time—tesolved LF values at 2-hour intervals during work hours

Power in Very lower frequency(VLF)

VLF XIES 3L, IEH JIE0| &FCX LUACHMauchly’s W=0.596, p=0.014). Greenhouse—Geisser
ZE AIZHll (2 VLFS Bl FEE e SHEOZ KOIGIHCHA4.17, 233.27)=6.143, p<0.001, 77=0.099).

Iz

rlr
M
ro

AIRH & 2H9 A& SIS SO0 LIEHCHA4.17, 233.27)=11.812, p<0.001, 2=0.174). 4L+ A2t}
A9 2HA0.511, p=0.735), AItdb 3 2H/~=0.703, p=0.597)2 AISHEZ2 KOIoIK| AUULH HRE 2HE
(Shapiro-Wilk)2 22 ARHHNIA ERAES CHEGHECH>0.05).
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Figure 8. Time—tesolved VLF values at 2-hour intervals during work hours
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fol
ke

I3D1(Cohen’s ¢=0.96~1.65)= 2 AIZICHOIA 0.96 OlAICZ, O 2t 2 +=F2Z EOILULCH AlZE 24
, 8 2+ 2xHA=29.702, p<0.001), 4XH=12.236, p<0.001), 5XHF=7.716, p=0.007)2 A&SXE0| R2/6I0
2 IS XI0IDF LIEHSCE & Al O& 2t Hlw(Mann-Whitney U & ~ZA&)0IA T6 & Above
HUNMO=Z Z2 VLIF s BARH, LE ARMHUIA 2+ AIRIHE 08 2 228t JH0IE BRCHe<0.01).
AM, 10AM, 12PM, 4PM, 6PM AIZICHOIM & &Y 2F K28 XI0I1E ERUCHe<0.001). 203JI(Cohen’s
2E AZHHNA 2 ==(0.82-1.67)22 EHOCIZACL RIS AIRIHHAM R4S 2HEESICL
(Shapiro-Wilk, £>0.05), 12PM AIZ2tCHS] T6 & Above &2 p=0.0412 22t2| A <I6HOt
(Mann-Whitney U & 23T HeiolACHFigure 8).
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Figure 9. Time-resolved LF/HF ratios at 2-hour intervals during work hours

LF/HF ratio

LF/HF HIg2l 32, 784 JtE0l SFZAD(Mauchly’s W=0.783, p=0.507), At [HE LFS HEHFE =
SHHESZ FOIGHA AUCHAS,280)=0.610, p<0.692, 72=0.011). L} HHS SHHCZ SHIEH AEHUIAMZ Al
2H OF 2o 4SAE Slt= R2IoHKI 2UACHAS,280)=1.597, p=0.161, %=0.028). &2+ FSl= F2IGHA
SH(AT, 56)=126.406, p<0.001, 77=0.693), Low T6 11E0| MEHEC=Z T6 & Above JAEECH =2 LF/HF HIE
SACE CHeF Bonferroni A2 XHE OS (HSHIW AFRZE 21 4PMIE 6PM 2t LF/HF HIE XHOI0IA

SOIEH X010t 2EEACHe=0.016)(Figure 9).
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2 C2 =&l Yo XI0IDF 2ESI X L%, A8, LI0I2F AIZE 212 ASHEZ SIE 25 SHAESZ 22|6HK
HLRUACE RMSSD HSIE 25 25 2 RN e 25 st 2= & 2=I|0A AHEN, 25 250l 8id6tH
ROt 240D, S8 0lalel ZE0A= RMSSD 24 =0| O A/ =], Ol w240 AHMITI D w2kl
20| 43| HESO0ICH=IBHAE &, 2005)

MeEtsaAZ 2 20| 2l ANl SAU| Faks ZAsob|?lo RN SHoIR LY, 2= HEa2tkte] Ols=
SSA =2 IO HOIEXHZ OISAIPIHAM THAIKIC! 2Rkl AlMl SAUS F|Astst 210 A& CHet AEd
A FEO0| ZASE L, A0 HIDL ZAE 0 a+E0 e F O 242 RMSSD X010t Mg 422 Sl
LSt SQAULH EQAUNIA e S MEEHE Z2 20| MAl II2)F SEDN =2 AEY A B2l 8954
ALOIEStR! 28| BII2 Qloh 22 RMSSD0I SEE Z&oz =2 & UCHKyriakides S, 2019; Buker S,
2018). == RbtA 2 2H¥2S2| M-F0 HRV BEIIE Ao0, 28 = & 54! AIZH0 T2t RMSSD 24
B0l Bolets A X2dlde 3=0| Tle= XHE(Orellana S, 2019)2 ZLIEIEGIH H4-=ASE10 88 &
S0z MFH BH3E A0 &=201 2 = UL
A2 [ HRV Bigt

HF It?= Below T6 Z1&0| T6 & Above IS0l Hlol 2= AIZHHOIA 2 =2 s EJRCH, AlZF E1t
ol et & A 2PSFUM HFE OO BRECoz A4A0k= da= &l = UUCH Eo6l, ol HE HF2l Hal

nx

SZHE(OIRt &) SAl RLABHH SRTHAA10.90, p=0.002). BHEZ ATHEH, Below T6 SN 2 AlIZIHNI 2

T6 & Above JAEECHHF a0l FAGHIA =l LIEFSD(0l: 8AM JIE, Below T6 372.1+£113.9 vs. T6 & Above

297.2+£58.4 ms). Al2ttHg 2= & & 25 OFA(BAM, 10AM, 12PM)UI HichH @F(2PM, 4PM)0IA HF gt0| 24

otz Z&= 2L Olefst HF I Z1k= SCI 2HAH0IA &4 0l K245, = 76 0I5t =5 = 22T,
(Hi

I
AR B0 E &4 B FAl FHokCh Ol x2 SCI HRV g7 22t 2XIGHH

S | S, 2025;
Calderon—duarez S, 2024; Park &, 2024; Saengsuwan S, 2024), =& &0 & 2uZ A&E 845 X0,
= Ol 0| @245 Ru2ald 24(0F0 HRY, HF)0lI O & B=&2 2|0I8tHCH.
LF Itfl= T6 012 &4 BX0IA RASHH =H |XIS= SAI0I(0=0.003), Al2t B0l et 2Aoke B3k
HES & 08 250 S8 24 2A0| S0 LIEFSTHe=0.018). Ol= SCIUIA &4 £==0| XEMAH 2
LF 240l OIXle Q& 2 LS B3 QA0 OISt D& A7 202t AXISHCHSaengsuwan &, 2024). HE0 [

LF2l #3t SH(0IXE &) DAl RAGHH LRCHA~10.90, p=0.002). dHEZ AHTHEH, Below T6 1S0IT6 &

t F 20l R2GHH =UACH AlZH0l [HE LF Bete & & BF0M 488 24
=l Ch 0l248t Zt= SCI EHKHUIA &4 Il et w2ald E4(LF)2l ZHXI
ol B A0 HESH X01DF ASE AIAGHH, 2H2 THAINIA HRVIE HEZIN USE Y2AGIRCHADdIeman S,
2024; Calderon-duarez S, 2024; Park S, 2024; Saengsuwan S, 2024; Hodgkiss S, 2023).

Below T6 10| LF, VLF 2F0HA L2AZC=Z =1, T6 & Above JIES 2LF 4AI0 It Z2 LF2 B
Ch LF2t VLF 25 AIZH0ll (et SoIGHH ZAG6HHA, @F/HEez 245 2 X0| LMGIACH VIFE S0
228t X0l A2M(p=0.013), VLF Stz A2 L AZH MBe] MEH AHE BHEotke XHEZ oidE = U
Ct.
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L 4AE L0 A0l S, iz SHE DI)le AW s =0 220! Hles HEWAHSONNE RMSSD 2
FAEN 1eF LXIotH, I 22 RMSSD2t
A

= 6
M2 AXO| 0| HA0 NROR, HHO| IISIHE AR 018

SONN =&gt2 & HS EdlA RRIOZ Ol AIXIDF &8t
SEHE 21 UASS LEHHCHCalderon—Juarez §, 2024). 018 HF0MME 220 A0l S& SHOIA SODNN2
=l0lsh Hat 21 A(p=0.042), 2&0] 2 Z [0l MHSAIZH &S0] SIotal 2101 HRVS B3kl S&2 F=
201 JtsE = USS NI RMSSDIH ZAMCHE I Sotote Olddet IHE=2 && S8 | S &lXI2
AEYA BIED 0IF 312 S A012] SX BISHE 2J0ISH (Lee &, 2017). Gomez S°2 HAFPUM= HH=0l CHE
et 25 L2 [, EqsteE S92 LF B2 St HFE 24, LF/HF HIE2 3018t A& 2160, 220l
I XHH WZAIF0] LAl Zeeg METUASE 20FUCHGomez S, 2019). Ol & H72 4APMOIA 20iXl=
HRVS $i3t THEIDH 2H40] UAS == AUACHL L8 Bi=S AIZSHH 220l HIRIE =0il= LF/HF HIE2 1.2+£0.622
ZA0IRL, LF=E 44121452 24, HF= 41.2+£13.22 SORICH, Ol Z&0] HIRXIHA Su24130| 2sH

= o LF/HF BIS0l CHet €S Blals SHAESZ |2lokAl E(A2L, I8 2t FsHiM=E |28t X0IE
SACH 5ol 2= 6AI0IA LF/HF HIZ0I {25 Stet 82 2= 4AI0lA 2= 6A1 AIOIOIA T6 & Above IS
2L S0l 2AH01 ofiEgote LF g2 & 118 25 Hixet gz Sotet BtH, 220 oidot= HF 82

I
Below T6 10| T6 & Above S0 HloH AHESZ SIHoIRLCE Ol JI1&2 A3 (Krstacic §, 2013; Jae S
b

2011)2 LXIGHH, H=pat 2Rt Xsald Jis 2LEEN A0 LF/HF HIS2 8 Mols S8 AR H
=4 +FES BF 1doks A0l &2 £ ACL T6 & Above 1E2 SHAE2 delE S2 Sofl &&9 AH0|
HIRIXIHA AURCZ HF L0l SItet Y&oz ZRICHGomez S, 2019; Mehnert &, 2009). &8t T6 & Above

& SH0ll O QI=EHHD

182 &Xt= Below T6 &2 A0l Hiol w2iald -2l dUE IS0l Y10, HF gt B
1

£ 4 UCL =T6 & Above 182 SHAIE 2SAIZ M, 2F 4Al 01F0l= 22 s (R0 O IS Nddl=
20| ZRE £ UL & FARHHMME 2F =2 AIZIHHIA 2= B35l &2 = IS0l EME Jts4ds
LIEILIDY, &% 20t ZUst gt SHN MII2IS QA0 AW, 0 252 SHIt 2RF Nz A=
Krstacic S2 24 H4-EAS MSAIZH 20| it HPE oI, M0+ O D=0+ BIg(LF/HF)OI &
&4 18 40Y(ratio 0.41)10r H&RI 1F 40Y(ratio 1.71) AIOIOIA SHESZ K2I0I8 XH0] UASS EI0IACH
(Mann-Whitney U=0.0; Z=-7.7; p<0.001)(Krstacic S, 2013). & H329| LF/HF HI& 2= 0|& HRO| P
A 18(0.14)2CH 2 A2 T6 & Above & Z1H1.02)Jt 21, Below T6 1&(1.52)2 01X ARl HAl OF
o 2

(1.71)01 OMI2 2 ERALHKrstacic S, 2013). 0lg! LF/HF HIE 242 & =J| MEXZI2t SO AsAZ A

=2 ZLIHE 0l AN =5E += USS 20U
JIE0 2HE Mo e 22 HRY 2ais A8 Hails 2M0H| HIE0] =2 BtH, 2 g+7e ==
Hioh =% O =2 Zu8ts 20

& OtHl SHIME AIS-C & D HIZ0| 90%=2 =0tM JIE A9 2= =
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