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Abstract

Parkinson’s disease (PD) is a neurodegenerative disorder primarily characterized by the degener-
ation of dopaminergic neurons in the substantia nigra and the abnormal aggregation of a-synuclein.
Previous research has predominantly focused on motor symptoms, whereas increasing attention
has been paid to the early emergence of non-motor symptoms, such as autonomic dysfunction, and
their impact on prognosis. Heart rate variability (HRV), a key biomarker for the noninvasive assess-
ment of autonomic nervous system function, reflects the dynamic regulation of cardiac rhythm by
the sympathetic and parasympathetic nerves, with its abnormal changes being highly correlated
with the pathological progression of PD. The abnormal deposition and propagation of a-synuclein
in central and peripheral autonomic nerve structures, including the dorsal motor nucleus of the
vagus, locus coeruleus, and sympathetic ganglia, disrupt autonomic regulation by interfering with
neurotransmitter release, inhibiting the Wnt/f-catenin pathway, inducing mitochondrial dysfunc-
tion, and triggering neuroinflammation, thereby significantly reducing the time-domain, frequency-
domain, and nonlinear indices of HRV. Clinical evidence indicates that HRV reduction is prevalent
in PD patients and is closely associated with disease stage, progression, and prodromal conditions
(e.g., idiopathic rapid eye movement sleep behavior disorder), while also being influenced by fac-
tors such as age, medication, and rehabilitation interventions. HRV holds potential application value
in the early screening, differential diagnosis, prognosis evaluation, and treatment response moni-
toring of PD, serving as a crucial component of multimodal biomarkers. However, current HRV de-
tection and analysis face challenges such as inconsistent standardization protocols, numerous con-
founding factors, and limited specificity, which hinder its clinical translation. Future efforts should
leverage multicenter prospective studies, wearable devices, and artificial intelligence technologies
to establish standardized assessment procedures and integrate multidimensional data, including
pathology, genetics, and imaging, to facilitate the practical application of HRV as a tool for precise
diagnosis and long-term monitoring of PD, thereby offering novel strategies for improving patients’
autonomic symptoms and quality of life.
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(¥ B AP DI REXE A E o BT o E (K 32 A £ 15 ) A2 Sk 22 (B GE e 20) 21 4 H B 22 JE Bl R I 1 DL
T ARE T E R AN SR B 22 33 5 AR TEONT R S5 B B R [10] e AP 32 00, 28 ™
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FAPLEIE B HEAT XU AL, B SR B EA A% B AN A B ISV [18]. £ TgMB83* /)y AR
B, HEMEADIRIE o- R EAVIRHI LS ML, I A 9818 3h DhRERRFF[18]. W HLAN
e AL <6 AR 93 T SR B (15 o P DR e AR B B AT 9 B 0 I 390 R A 10 R AR R R PR R B 155 [ 20
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RETNREAVE T IE R o- FEAlAZ R 1 (a-syn) e 0% B AR B R IR 1 (CAMP) IR KF - I HLsk /> 15 B
MR ARAT A IREH , PR S RGN F([21] . EFRFIa CBEEMS £ FE LR R
R RS, E—Dx SR E EE T e AR BT LU R R (HRV) B S48 (HF, KB
B A2 A 2235 B L) LA R ARAR(LF) TR #84 F I [11]. BN a- R A% E (a-syn) Bl A BERR A0 0 S 2 % i
WE-38 (p-GSK-38)/K-F L, Ht—B7E SH-SY5Y 4 fitg LA J % 2[Rl /IN R Aot Wint/B-1E 30 85 1138 5 7 A 4
HIVERT, F HAGMEEMPE T2[16]. T EOVERZ, WIS Wntg-EHE 5 Sl IRE o- Rt E A
EEVEMEF[16]. X B/ Sl s, FAEEMETmBELD, S PR T, S8
HRV #845 (41 SDNN #1 RMSSD) F F. ZRRLARIIRE 75 AE A o- FMl% B 51k B 50 4 40 B i 3 ) A
FlE, SEEER T OUIYIH A RE AR LR O R A R E(HRV) % . a- S8 il 8 (M 2R A 2 A
fiff ClpP [17))5, SfHiGEMHEEMRROS)-AEW L, RN PR AR AL 7 MR BRI a- T fili% &
1 (p-a-syn) A #1128 TC 40 A% BT #2208 30 40 BB 2008 A 5 [22], S BRR S AL B R Sk DA B0 2R 1 R
TEPERRAC . O FRANE RPERRICA B, Bon H AR St 028 A (HRV) FEFR BRI BB O, B iE Al 55
[9]-
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T PR A8 A50% (PD) 2 om H O AR B (HRV) R R . AR KN a-RAZ R A F
B REOS BG4, LRI IL-6 A1 TNF-a, MIMINE B E 44 RS E[24] [25].
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TR0 F AR R (HRV) BUVF AR N 05 B 5 4 20 IR B A1 72 1) T Tl

3. IHEHRFLEETRMEYIERIER K0 EE
3.1 —MRHFHE: IHERREBELBFEORTRMRER

WSEHT T S, S, R IRALO LG, 4 8 (PD) B 19 2 /0 55 5 (HRV )35 b H (1
R W [32]-[34] M A2 53 75 2 DK ERAS I (5 B 5 00 42 1) HUR S8 2 2 W, W14 7095 S 19 SDNIN,
RMSSD. 34 Ih3 . (RH % LL R g A 40 0] S G [32] . 5 B AV M7, SDNIN ST 34538 b 240 20%-~40%.
A 25 A B R 2. (250%) . 5 MR/ 5 L 72 K I DB (2 5 4 LA J K JRIRF R B (1%, 24 /1)
WS 24 o 4 Bl B U 2.

3.2. HFSET: HRV EEFBEMENTHL

DR FVEHRV) HBLUR T & TR0 0 EThBE R 28 5. — W40y ARIC BIFFE A AR A7
WHFC SRR, IR HRV 7K BARATIE & #%0 (PD) A i WU B & ETHT 2K [12]. 38k 5 i < 4% )i (PD) St 1
HI AR TR A R IR B B IR AT 9 B A (IRBD) AR [20], AR R Y HRV 2453 (AR o A8 1] W T F 5
R, BEERIERIHERE LS Hoehn & Yahr 73 IR LT, HRV FEARIE 25 9B R [35]. HhIAIHT 78 T 454
IR, HRV 2 BEI 5 00 H 1020 FRAIR[36] - AR LS A A S AR SR S AR B H AR 2 L HRV BT
AR g B BRI O JEFETE T, HRV RHIE R R B A Bl A2 A 28 35 3 (R %, HF D)%)
P, AEFEMERSGESAERFE T, XML IR IS B K o XM 2K B 2 40 3 )
M IRAEHUARE, [R5 ™ AR M, 3 2 i e o ML S0 R A0 U2 [30] [31] -

3.3. HIMAZRSERMM

PD Z4¥%f HRV (078 S IPE I IEANTEMT, JF Halvr 7 E W B AR ZER . 222 ELRIRIT 2L
BAFE S, XSRS KIHANA R, SYEHZ 7, Meng 23710 U RBLIK S, 25 )5
30~45 it SDRR. s DhEE . (RS2 K m At 235 2 3G (P < 0.05~0.01), #En7clie® Mathehsy
IR RO HRY, JUH RIS A 2 T Thae . KHIHZi 0w, AR R 3L HRV f8br 5 K677
B R EHERGMZR, Bz —8gsie. ah, 248 “IF-27 IRETMESEE: A IEER
N TR R RN RIS AR I S AR IG5, 1T ¢ O¢” WY RE B A TR RE S R FR[37]
[38]. Z K HZM A, XBLVFAFIE . AR 250 DL R B i B3 5 [37] [38]. i v 2 (T A
24 S ST AR ) AR ARSI 7% B A4 RS DRe s A b, BeE R R R RRAE A -
IEUNSCHR[39] [401FT 42 K, HoAth A T B yA WA £ AR 78 5% B EAH A BOAKIAEIR I 25 8Vt 2% HRV 77248

DOI: 10.12677/acm.2026.1641556 2987 I IR 2= =23t e


https://doi.org/10.12677/acm.2026.1641556

ARAERE, BRI

M. APTEARIESE TR, AR T TR S5 M &R B3 1 HRV. ARE — 00 ¢ B 1k BE 2 (AT 92,
AR P AT R SRR IR T B R = HRV FEFR (18 RMSSD £ SDNN), #E— 5 nsi H E &y
HUEE I BSO2E A AS A 22 4% . HRV BEHE AR PPl BESE ) EE R R bR . 53 ARG A B L RE B A
S HRV BRI 59 A0 CRE A2 O MU RAE) . 2 70)(18 B 52 A BEL 77]) LA B A I 2% A2 (191 dart e R A3 1 T
FERGL)FA FTRE A 52 HRV [41]. BT ARRBRETT R 2 B EMRIIIRETL, Xt 48 MR H RS
JARRTEE AL DL B 1 B 4

4. HRV {ERIRE R HRE PR SHHE H SHkik
4.1. BESEFSHE

Oy S (HRV) BV 2 e R BT BRI MA & 4800 1) = BAE b &9, JRIRE T e 52 3 A
ReIRIIE . 55T HRV 28 VLR KRGS H U T BATiE BINLE 5 ] BRI R BoR, R
25 0] 0 5 I 4 A0 ERE AME HE FRZE HEAT X 20 [42]. AR, HRV HIILS % 8L Ae s 35 BhiR
S ELA R IR 1 v URSE R, bRl s M s R B IR A T N B A% (IRBD) 2 #45[20] . HRV R BT 7824
YL W R B YEAR B . B8NP IA AR (PD) o M T IR R MBI 3, o S N I ) A
Tha N RE[43]0 BRIt AME Tk — B IAIE HRV A At [ 32442 Th BRI I & 3 F 2 15 R BE AT 280k 45 531
4 AR5 A LA 1A & AR 43 A E (1 A0 22 R G40 E) [44] [45] -

4.2. WRTRMSHEREN

AR FT AL TN < AR HERE AR, B X 2L A R G A KRR A TN X e K %
DA S5 1 0 R AR SV R AL 9 B o 573 A1 SHF ) AL DA S BE LR PR SEHLEs 2 20 7 ik [46] [4T] 1R FE gz F 210
AU TTRE 24 /NI ASTE] B0 R AR PR (HRV) LI, AT B B ) B A 288 8l BUR BT A Y
A . XA AN O B AR AR MR BB R, AT S S, RO B SRR R [31].
T34 HRV (120 170 i 0 e 4% 11 9 B A0 5 PP A AP 2R AT VRO A FERR BE ¥ — Ay 3 [36] -

4.3. JRTT R RLIFAE

R HRVE N R 24 SR 2k 1 £ B e br, JENETERB R LA ETHERNE
ARAWIbR . L AnTE 22 e 22 BRI, HRV S50 Seint A8 3 n] f 4k 22 B g VA 97 5ot O I8 1 324
SR RBIZIEA[37]. EREEEZENI, HRV ANMEMENZEEIEYT RN HIbr &Y, H T e
. T HRV WIT WFB (G shilg) =L i ekidt, REmIreThaeias, b &fke kT
e J1 B =48] [49].

4.4. EEBIEBERRY

ANFCARVEAL 77 AR, 8 HRV A AR5 Bk F I E AR A R o B8 ik A A SRR
NP AR BRI E RN HENESEhE NG, B BEEAIIRRESNRE S . (HRME
fhEE RAR L, A A0 R R PR (1) FEXT 0 A B 4 S RCHEAT VA B, O R (HRV) 1 4F
ST £ haiE 21-MIBG (NRFIHE . (2 P1-MIBG A8 5 s P B HAEDESRNMA L. (2)
AR ED (B o- T fl%  EV R4 BRI 4 R) T i B AR (8 T IR R NAE), SEBLArF 05 T 1)
WHIT, (A2 HRV 2 it DOk Bk K e . (3) MA4T-B(14 DAT-SPECT) Ak 7 B SUIR IR 1R AL,
KL, T HRV 2B 4h th— FiAK FE B 52 A B B i R B AR T REVP AN I8i . RE R B2, HRV
ARSI T B, AR TR E . BT AMERES . TP IEIT IR, B RN 2 RS A bR B A IR
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R 43 [50] 6
5. FERHERSREMRAE
5.1. HARE#H: MEREFIRKMA

HRr I 2 AR S 1 (HRV) 1 Bt 77 22 d8 H -0 R IEI(ECG) o AN R R & TEAE HRV i M 28380 10 1 2
F TR 7 SKOE AU A ARG B RE TR B TR IR HRY M, Befbss B2 S RUE[51]. %2
i TR Y AR e N K PR I8 LSRR A AR BOR, 14O F R 20 AR S5 A A I A 5 42 Ak 6 7T 5
o BEARR AT 20E T4 T8 RO 3, HA A B Sl 5 g ¥ 1 [52] [53].

5.2. BiRSHTSIRELEIREIBES

FEMR AR TT T, 8 V) B E R AT () DUIRIE B 22 AR A 10 AR VR (HRV) PR HE N it
TR TR O H R W AR AR . 2 R BOARRHEAL KT TR B RS, HRV Il PRIz 7598
SRR HIZ) . HHDGE— IR TR, BT TCN RARMEXS 22N 7RI AT R0 L BRE o PPl A Bk
Al BLAE Z A IATI[7] [8] [54]. E AR ROy: WsCRUER B, FAKMAE] 5 Bt R HC R 2] 24 /)
I FR S S A AR [ 5 B i PR 48 35 DA PRSI (422 i R A A W R 22 7 IRE R R 20 HRV &
145 S ST ME ARG o 53 A% T iZak FIWRLS HRV fabr ok vPAIa G800, H BT 5RE = 3Ll 2R A
AR AR bR RO RBUREE » DL 7 U2 i) S B R B SL[8] o [N ERDA S S e 6 (945 5 R AR U7 3
CoBAS I 53 DL OB A A 22 e, Kb e T AR E TR, S BT R 2 RSk Z W B
PE[54]0 Fr AL E B8 M R S AR R ARG R 48 - HE I AR 2 BN AR a4 T2 T &
SEEAEPE S B G W TBG A PAT I R R LA .

5.3. KFEMFRSE

NI E EMERAR N 2 KRR, B o- MR AR R, BAOR T R (HRV) BL A
MEZ R ZSH N, FHSZ OGRS E T K, Bl o- Al EAEERNKER AR AS3T
G2019S ZEARMEMY), A Hgi Mol 7 5 2 (R FE SR A 2R, RERE IR 7R 1 40 20 200 10 S0 R S 4534 B
HATHUEE, e HRV T TS i S L S0 5 [27] [55] [56]. 5 IR ATt WA 4 70 H 3 A [ 38t A% 30 B (1%
LRRK2 fll GBA)/f] HRV K HL, [FIRHEIELIAY . 95 B 22 F AR LR BB T SR B 0 AT o

I B8 AIE AL AL 78 HEAT KB O RTBEVERIE 7T, SRS 0 R A8 S M (HRV) X0 8 85 % 075 LA
T 0 R AR (1551 R S5 ) R TN 3 S AR B HRV AR SIRIL, #UE MR A T 5ems,  Lhlnif s e
YNGRV 5 5 53 29 7i &, CABRPRAR IR AROE IR AR S . S9N FC B bR 24 i fs — T2 iz N T8 e
REFHIEIREL 2 D) M ZBSRA T B, a8 HRV BHEFIESE. ot R Eside (S E. BH).
PR DA AP SR ARICH, AT H M 4 A0 (PD) I S W RS HERE . 0 43 SR8 7 DL R 2 Tl
B B RLRE[57]

G R ER ARG T T T A E A AR Ak LG P ACUF I HRV VEAS 77 AN PD I AR B A2, L H W
sEik HRV BONPHAARE ZEIR(NMS) . HEE VG YT 75 58 DURGEHAT KA M % F T R . 534k E46K RAZK
T - Sl i% B A RE 8 55 T R A GO RI B E R AR AT FE MR, ML o- S A% B /K F DL R e
HRV S5 0T 50 77 M1[58]. a- A% & AT 2 AR AN AR Y F I B a5 A 1R), X ER b & 31
BRI, 1 RIBVF 2 RHIE R T HRV FHC M2 R4 B FE[59] . Anlel38b 71 2 2 41 2 4
T rp R ST A LRI O], (HRER i s i2 s IR, IO HRV BEE 2 shfebn il i &R 25 A E IR it 5
*1[60].
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