SR OO LR A2 2021485 H 529455 51 BRMAE: hup: //www.syxnf.net

(=
i e )

DERTRESHERSESTERERNHEXES T
BWAE, AR, BERE, 9ER

[WZE] T WAREHES (WMH) 28NS F A i LA sn i RI0, v 2E8ees A
HITHRE N RE . BRSBTS, S0AR . HEPRHE(E SR, R B AE ABREE . FrAETRRE ) PR EERN, At s kR EE
AR, RN R T RO EE, B bR (HRV) 5 WMH " E R A, 77
B BRI 2018—2020 AFTHSMN K2 ZMHE B et 28 BHEBER) WMH 53 248 BT 5. AR BE — Mok
HRV S8, ¥ Fazekas HFR B>, KB ES A=A, Ko WMH 4 (Fazekas HE B3R 0~2 4, 976]) .
B WMH 4 ( Fazekas 53 500 3~4 43, 104 4] ) | HEJE WMH 4 ( Fazekas 1 #8500 5~6 4, 47 ]) . WMH j“&
FRIERZ M A Z TR AT Logistic FIA4M4T; HRV 2405 WMH ™ AR B 1A TR H Spearman BRAHIE /34T
LR HE WMH HARE 5 /-8EH RR EIFRIE2Z A F-(E (SDNNindex ) | AHAFIEH RR HIHAH2E8 52 50 ms 11
DS B O E 4y L (PNNSO) I FIESfE R WMH 41, 8 WMH 4L (P < 0.05) ; FE WMH4], &
& WMH ZHAHSEE R RR WA E A 7R (eMSSD) | IR (LF) LT Raif e WMH 4 (P < 0.05) ; &
WMH £ 4% (HF) i T a2 WMH 41 (P < 0.05) . AJ¥ Logistic [FJ/0Hr4h 5 B /R%, rMSSD J& WMH /™
FRE I E (OR=0.987, 95%CI (0.978, 0.997) , P < 0.05) ; RLIFEPER . 4R B s . B b

A HESSIR HRV B WMH M H A2 E N EG, 450400 85, tMSSD & WMH 2 H A B A N & ( OR=0.987, 95%CI
(0.977, 0.997) , P < 0.05]) . Spearman % AH G /3 #7145 3 2 7R, SDNNindex, tMSSD. PNN50. LF. HF 5§ WMH /™
EARE R (r (55098 -0.232, 0243, -0.167, -0.147, -0.151, P{H¥ < 0.05) , &i& HRVZH T K
SDNNindex. rMSSD. PNN50. LF. HF 5 WMH J*HE R 2 MAHC, A ERAIIRERR eSS T WMH kL.
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[ Abstract] Background White matter hyperintensity ( WMH ) is the most common ischemic manifestation in brain
imaging examination of the elderly, which can lead to the decline of cognitive ability, increased risk of stroke, depression,
dysuria and defecation.It is an important reason for the disability and the decline of independent living ability of the elderly, and
cause great burden to society and family.Therefore, its early detection and intervention are particularly important.Objective  To
explore the correlation between heart rate variability ( HRV ) and WMH.Methods A total of 248 patients with WMH admitted
to the Second Affiliated Hospital of Zhengzhou University from 2018 to 2020 were selected as the research object.General data and
HRYV parameters of all patients were collected.According to the total score of Fazekas scale, the patients were divided into three
groups: no or mild WMH group ( Fazekas total score was 0-2, 97 cases ) , moderate WMH group ( Fazekas total score was
3-4, 104 cases ) , severe WMH group ( Fazekas total score was 5-6, 47 cases ) .The ordinal Logistic regression analysis was
used to explore the influencing factors of WMH severity.Spearman rank correlation analysis was used to explore the correlation
between HRV parameters and WMH severity.Results The mean of the standard deviation of all normal RR intervals for S—minute

segments ( SDNNindex ) and percentage difference between adjacent normal-to—normal intervals that are greater than 50 ms
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( PNN50 )in the severe WMH group were lower than those in the no or mild WMH group and the moderate WMH group ( P < 0.05 ).

The root mean square of the successive normal sinus R-R interval difference (tMSSD ) and low frequency power ( LF ) in the

moderate WMH group and the severe WMH group were lower than those in the no or mild WMH group ( P < 0.05) .The high

frequency power ( HF ) of severe WMH group was lower than that of no or mild WMH group ( P < 0.05) .The results of ordinal
Logistic regression analysis showed that, tMSSD was the influencing factor of WMH severity[ OR=0.987,95%CI( 0.978,0.997 ),
P < 0.05] ; after adjusting for factors that may affect the severity of HRV or WMH by gender, age, history of hypertension,
and diabetes, the results still showed that rtMSSD was the influencing factor of WMH severity [ OR=0.987, 95%CI (0.977,
0.997) , P < 0.05) .Spearman rank correlation analysis showed that, SDNNindex, rMSSD, PNN50, LF, HF were
negatively correlated with the severity of WMH ( r, values were -0.232, -0.243, -0.167, -0.147, -0.151, respectively,
P values were all < 0.05) .Conclusion SDNNindex, tMSSD, PNN50, LF, HF of HRV parameters are negatively correlated

with the severity of WMH, and autonomic dysfunction may be involved in the occurrence of WMH.
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1 XWg57H%
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B I 1 Bt 1 28 PRHEE BE 1) WMH S8 5 248 15k BF 58 %
G, Mo Y 11361 (45.6%) , 4 135§ (54.4%) ;5
WY 40~83 %, CFHAERY (624+11.9) . 94 AR
fE: (1) £54 WMH fsWsdE s (2) 4Rk = 40
%5 (3) HE AWML [ 2 B Rankin 7 3% ( modified
Rankin Scale, mRS) PF3r<<243 ] (4) oGy, %k
A AREAISE;  (5) HRV RIET 1A RIS A 3
MAZDIRERIZSY, 0 B — ZURPHEN R . BER SO . B
Fomds;  (6) AT AIGRE, HEBRbRE: (1) #%
HHR M4 155 ( magnetic resonance angiography, MRA )
B IR A A 4 s i = S 1M A8 B8 > 50% 5
(2) CT 5 MRI fi 75 WMH J2 AR | il AR |
RN IIEE . T A . — SRR L RIS
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H I A ERLDIRER HRV MBR, 50RO
FRH . PRALO IR RO . 2rEE ke &
ik, FEMLAEC T | OIS ODIUESE . BERAE |
A AR . R AR RIS (4) BRAA A
(5) AT EAATE, W EFEREA4; (6)
A MRI KA AS RIIE,
1.2 BRFEIs
121 —BBORHIEE R —RBORE, M) |
AEE . WS (W = 1 52 d, RREE AR B X
AT ) L RIS (G ARG 1 e SO A
YA L IR S BERREE . SUIEETEE (rotal
cholesterol, TC) . = It H il (triacylglycerol, TG ) .
M FIEEE (low density lipoprotein, LDL) . R
BE A (high density lipoprotein, HDL) . [A] &R
2 (homocysteine, Hey)
122 HRV Z XG0 >R ] DMS300-4A 3 45 0 i ]
Ca s (At ) ARRA R A ) X EF T 24 h
KRR WM, Y& B HRY IS8, Bk 48. H
TOHRV B30 2 8060 45 24 h P30 R 2 IER
M0 RR (] A 09 A5 ME 2% (standard deviation of all
normal—-to—normal intervals, SDNN) . 4= f& & 5 4 #p
iEH RR [A] 9] 37 {8 i 41 #fE 22 (standard deviation of the
averages of normal-to—normal intervals in all 5 minute
segments of the entire recording, SDANNindex ) . 4 &
5 43 BhEH RR A FR E 22 89 F- 24 {H (mean of the
standard deviation of all normal RR intervals for 5—minute
segments, SDNNindex ) . AI4B1E % RR [0 22 (H pY 15
J7HR (root mean square of the successive normal sinus R—-R
interval difference, rMSSD ) . FH4BIE % RR [a] 402248
1 50 ms O FEEC T B3P OHEUN A 70 (percentage
difference between adjacent normal-to—normal intervals that
are greater than 50 ms, PNN50) ; HRV $Us S5 45 .
I (total power, TP ) o A I & (low frequency
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power, LF) . ® 5% (high frequency power, HF) |
LE/HF, fd Wi E E w5, AR00sRM R T
22 h, KBRSAOAEEN T, Prd BRI e A% kR 2l
B, DRFHEREE, BIRMOm, 2R e, 25
W] T4 HRV SEU001R 5
123 fuifisi MRLAG & r A B IEABE 1 JE N 58 1l i
fili MRI 4, RS E PG ]+ Skyra 3.0 T Hi 3 AU 2L
PRAL, 5P F E B ALHE T MAURAZ (T1-weighted
imaging, TIWI) . T2 iAUSE ( T2-weighted imaging,
T2WI) | WA 32 0k & 5% Yk &2 )7 51 (fluid attenuated
inversion recovery, FLAIR ) DA RWREOIAUR S ( diffusion
weighted imaging, DWI) o 43l FH A AT 2250 A R 28 N
B AR ARG B AR OUG MRL A A 25 R % (8 % WMH ™ 5
FEEEHEAT VP4, B — ST 557 3 A B i3 [F] py i
JEBAFHR SEARIER . 7E T2-FLAIR #5811, R4
Fazekas 53 7 (0~643) . AP BIXIGZE 55 WMH FIVE
FREZIBTS WMH Y™ AR B EATPE43, AR AT P44
TNRIA Y WhEE 52 WMH 932 R ToR7E M 0 43,
AR B IRARBORIZEERE N 1 53, AR =R R 2
g3, AHL AN 2 55 = 55 AR BITRFR BT 3 435
TREB T WMH 4328 . TOR7AER 0 4, sURIEAE R
143, WA ARG 2 4, AR RIE RGN 3 45
A Fazekas 1 6 55, WBE ok —4:. KB E
WMH 41 ( Fazekas 1 3R 5500 0~2 43, 97 4] ) . &
WMH 4 (Fazekas {FR B0 3~4 7, 104 ) |
WMH 41 ( Fazekas 3 5508 5~6 43, 47 7])
1.3 guileediik SR SPSS 26.0 Gl x Aids i1 7
SR oA THECER AR R AR, A TE] FE R
X K FFAIESA AT EERLL (f2s) TR,
Z A 8] e BCR BRI 3R 5 22 70 0, 2R B LR
SNK-g ki ; AFFEIERS TR M (QOR)
For, ZAN AR Kruskal-Wallis H £ 565; WMH
JUE AR RS R R AR A TY Logistic [HIH 4347 (44
AFRHE P < 0.05) ; HRV 2405 WMH ™ # #2 F 1 4
T AT R Spearman BRAH 3T, LA P < 0.05 M2
FAG R L
2 %R
2.1 S —MEWEOR HRV B8 —4IE0. 4F
[N S N QT AN =10 | DA S S G - 3 779 75 5
TC. TG. LDL, HDL. Hey. 24 h ¥ ¥ .0» & SDNN,
SDANNindex, TP, LF/HF b8, 25 5 41t 2% 5 X
(P>0.05); —Z SDNNindex, rMSSD, PNN50., LF,
HF L8, 2ZRA501 R (P <0.05) . BEEZ WMH
1 SDNNindex, PNN50 % T- JC ol 2 & WMH £, &
WMH 2, 2Z3A5 %8 (P <0.05) ; " WMH
41, FE WMH 41 MSSD ., LF XTIk WMH 41,

LRAGIFENL (P <0.05) ; FE WMH 4 HF ik
TIEFRE WMH 41, ZRA501E L (P <0.05) ,
W3 1.
2.2 WMH ™5 & & 52 e K &= i A7 )7 Logistic 7114 43
M DL ZE T A i 25 510748 & ( SDNNindex
tMSSD. PNN50, LF, HF ) 2y F A8 & ( WAE Y0 S00E )
WMH j™ 52 5 R AR i (TR Joel#% WMH=1,
P WMH=2, ¥ WMH=3) , #f74F Logistic A1)
M, A5 BN, tMSSD J& WMH ™ 5 RE HE Y 52 i R R
(P <0.05); BIEMWMN., W, &, bR
95 7 S0 AT RE Y HRV B WMH ™ 5 F2 % 19 [ £ ),
45 B AT 5B R, rMSSD S& WMH ™ 3 F% 8 69 5% mi [ &
(P<005), W2,
2.3 HRV 245 WMH ™5 2 & 4 X Spearman
Bk A & 43 B 45 S B o, 24 h F ¥50 % SDNN,
SDANNindex, TP, LF/HF 5 WMH ™ & 72 & JC E 28 #H
X % % (P > 0.05) , SDNNindex, rMSSD. PNN50,
LF, HF 5 WMH ™ & 2 & 2 i /1 & (P < 0.05) ,
L 3.

F 2 WMH ™ HEBESZN RN Logistic [M1IH53H7
Table 2 Ordered Logistic regression analysis of influencing factors of
WMH severity

E B SE Wad P ORfE 95%CI
SDNNindex 0007 0.009 0.669 0413 0993 (0975, 1010)
MSSD 0013 0.005 6.551 0010 0987 (0978, 0.997)
PNNS0 0013 0021 0367 0544 1013 (0972, 1056)
LF 0001 0001 1462 0227 099 (0998, 1.000)
HF <0001 <0001 0421 0516 1000 (0999, 1.001)
BEAEE, R, SRR MR LA
SDNNindex 0011 0.009 1.289 025 0989 (0971, 1.008)
MSSD 0013 0.005 6.706 0010 0987 (0977, 0.997)
PNNS0 0015 002 0489 0484 1015 (0973, 1059)
LF <0001 0001 0257 0613 1000 (0998, 1.001)
HF <0001 <0001 0515 0473 1000 (0999, 1.001)
3 itig

WMH S22 A7\ PN A R A A s DL B e i A 2
R LA U0 0 & s ML 0 AN A Aok, g E T
W A EMATfe S WMH Z R R, —Sepfor#
K HRV K5 WMH A6 00 5 —Sepf 5y F A h
HRV 5 WMH JCAHSGPE ™ B, WA 58 # A HRV
HAINS WMH ARG 2 X T 2 2 6] 06 & RRF S AT B
A BT WMH & 9% HIL 6] A0 A 53 LA S WMH ) 538 & B0
A, P ARAESE B 760 8T 24 h shZ50 B RN
HRV 5 WMH j" 5 F2 5 (A S -

AKHFEA T Logistic [H1H /37245 8 s, tMSSD &
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Table 1 Comparison of general information and HRV parameters in the three groups

sl T i WMH 4 (n=97) ¥ WMH 4 (n=104) HE WMH 4 (n=47) KESIHHE P
P (5124 40/57 49/55 24/23 1.406° 0.495
W (M (QR) , %) 62 (22) 65 (14) 57 (28) 4218 0.121
WS (n (%) ) 13 (13.4) 15 (14.4) 10 (21.3) 1.625° 0.444
s (n (%) ) 20 (20.6) 26 (25.0) 15 (31.9) 2.194° 0.334
RS (n (%) ) 31 (32.0) 35 (33.7) 21 (44.7) 2.410° 0.300
BRI (n (%) ) 20 (20.6) 18 (17.3) 10 (21.3) 0.490° 0.783
TC (M (QR) , mmol/L ) 4.75 (1.09) 4.69 (1.60) 4.51 (1.47) 4.344 0.114
TG (M (QR) , mmol/L] 12 (1.18) 1.08 (0.90) 1.08 (0.74) 3.247 0.197
LDL (M (QR) , mmol/L) 2.77 (1.09) 2,64 (1.13) 2.71 (1.10) 2.988 0.224
HDL (%+s, mmol/L) 1.38 +0.30 1.33+0.33 1.26 +0.37 1.938" 0.146
Hey (M (QR) , wmol/L) 13.4 (6.0) 124 (7.42) 15.5 (5.70) 2.402 0.301
24 h FH% (M (QR) , YK /min ) 71.0 (16.0) 72.0 (14.0) 67.0 (13.0) 0.258 0.879
SDNN (M (QR) , ms) 137.0 (45.0) 117.0 (52.0) 123.0 (31.0) 4.005 0.135
SDANNindex (M (QR) , ms) 121.0 (43.0) 108.0 (38.0) 115.0 (43.0) 5.333 0.070
SDNNindex (M (QR) , ms) 52.0 (24.0) 515 (21.0) 40.0 (22.0) 19.079 < 0.001
tMSSD (M (QR) , ms] 34.0 (34.0) 27.0 (19.0) * 23.0 (135) " 14.606 0.001
PNN50 (M (QR) , %) 7.0 (13.5) 5.0 (12.0) 40 (6.0) ™ 9.185 0.010
TP (M (QR) , ms’) 23133 (2248.0) 2363.8 (1878.0) 1841.0 (2320.0) 2.731 0.255
LF (M (QR) , ms’] 315.5 (310.0) 290.8 (302.0) ° 261.8 (264.0) * 6.012 0.049
HF (M (QR) , ms’) 169.8 (190.0) 142.4 (162.0) 139.5 (127.0) * 6.087 0.048
LE/HF (M (QR) ) 1.9 (2.0) 1.9 (1.0) 2.0 (1.0) 1.159 0.560

W WMH= il A =55, TC= BIHREEEL, TG= =FiHih, LDL=U%ENRE A, HDL= Mm% EI8&EH, Hey= [FIALEHEZEE, SDNN= 43
IEH SO RR AR E2ZE , SDANNindex= 224 5 4340 1EH RR RIS EAFRTEZE , SDNNindex= 28245 5 7040 RR [RIEABR 22 14 F-H414
tMSSD= FHSEIEH RR BIEH2E(EAE 7 M, PNNSO= AH4BIE R RR [EEAM2E T 50 ms A O8N B OB A 40tk TP= B3, LF= U
YR, HF= @shs; S5HE0RE WMH 4 EE, ‘P < 0.05; S5 WMH 4lHAE:, "P < 0.05; 0 x {8, "N FAH, ARIGSSHE N H

F3 HRV 245 WMH J"E R A M 04

Table 3 Correlation analysis between HRV parameters and WMH severity

Tt H r Al P1H

24 h PR -0.025 0.695

SDNN -0.117 0.066

SDANNindex -0.097 0.127
SDNNindex -0.232 < 0.001
rMSSD -0.243 < 0.001

PNN50 -0.167 0.008

TP -0.094 0.140

LF -0.147 0.021

HF -0.151 0.018

LF/HF -0.039 0.537

WMH J“ SRR s R 2R BOEMER] . % il
g S L BE PR S RT BE R HRV o WMH 7™ 572 i 11
HEJG, 458055, MSSD J& WMH /™ 5 2 i 1 5%
Wi A2 5 Spearman FRAHIC /AT 45 3 ik, SDNNindex
tMSSD. PNN50. LF. HF 5 WMH %8 fEE LA E,
HRV 2%, tMSSD. PNN50. HF A] 2 W&l 58 & ph 42

TP, SDNNindex . LF AJ 52t F 3= i 28 B A s L TR
AL RN A EMZIREREL, FEE RIS
TEPEREAE WMH (fE R, Hlgg25 T WMH 1
K. AATERATREA LR LS. (1) A EMgnTE
1o A TR I T 4 R 1) A8 ST IS T A R S B I -1
L, AR A B, RO R I A R 4
IR —EVa . IeAh, VTAFERIRFFE & B
28 (65% ) HHXIZE RS0 M4 i 25 S R e
ZICARRL L T B4 T a0 fE 4n i o), Hod i
JE AN AR VR T B AN A B AR, DT LR Y A
KA. Fik, B EMHSRGEDREZH0T S m
KM ) B ShiE T, A & AR, S8 WMH,
(2) IR RBATT A2 3 [ 2 T X 1 22 R e T2 1) Sl 1A Y
PiRmEk, MR EEHEN Y gEns
TG S AU ] B 220 55 IR RE AR 22 BT RAE T, S8R
G Jr i B 4 By AP g, AR E WMH 119 % A A
RIET L (3) WMH /NSl bRk RERE Ak S 3
1AW &30 B B2 D) BERE AT -5 2 B REIE AL 1 A
5 20— B BRI IN N S AT REAE v R 4 T A
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H, R Ag 25 s /0 S 2R RE DT R G PERRAR, 14
N IR RV FREIR A N K, SRR . Afk
P — R AN RN, PR SRS B RERE Lt 2
YT A EMATIRERER . RAE . ShikoRFERE L = R 2
AEIRMIACHIRFR, AReHER = F REfELE, dEmbhm
et WMH ZARPTRE.  (4) 55— ] ge 0 il BE &
HRV TR WMH 455, A& 5 . i I A5 2 9

RIS RGHE A R DAL, H H AT U R R
BEPRE RIS b a0, BARAIESY

HEBR T REAA B A 2 1 B, (BN BEHERR WMH &
HHRV FREEIATRE,

AT LE R S GALLUZZI 2 1) (g s —3%,
ZIFFERT 82 5% E A Bt EB 2 B W98 2 B, 24 h Bl
AU LRI A HRV FEASS WMH SR A5G IBAk,
OBARA %5 11" %} 39 &4 BA4E ARYBIFE R L, HRV S

WMH AHJ¢, ki, $ﬁ%*%%@%ﬁmﬁ%%5
NAKANISHI 25 "' 5 3F 2 28 1l W I 3EAS HRV B9 K

&A#ﬁﬁﬁﬂ,wmﬁﬂmvﬁ%;ﬁﬁm%—%
— I\ S N RN, BhAS IR NI A7 [H] HRV 38K
5 WMH #ERAHSE N X BIIEST S AR B SE 4 BT I
Y JE PR AT BE & HRV BAGI J ik AN TR], 3 R ITAF 52 Hh 1)
HRV ¥2& i sh S i = W i, 5 24 h ghas0 s KA
Fo, sha&S MRV HRY AR RS ORI, T
BI85 I W T A T B 1A 00 o0 R, R ) A T G s LA
60 min A [EIFEI &R, I ELAEA I TR, T
P30 HRV J2& 75 B8 S B B S DL v AN 2 o T sl A0 i
2 H AT E PR A TARIRI HRV 4 bnii, 1 EARX T
RSO HIE, KR (> 18 h) Sh&ucr EEEE
S W R B AR AAE B

VAR TR . AL PRI 5 WMH ¢ R /Y
WFocER, H EMEDIREZEEL v] e WMH 1 fe 15
% 8 HRV S H RIS A BRI R — R
TCRIFB, PRI 2 AR . A vk i, ) vz
RO TIGER . XF Tl B HRV A S5 i ok 2 9
Wi A EM 2O RE SRR R, A TR A T ik
BYY, BOFREINZE WMH A% 4. ARBFFEAEELL T R
Pe: ARWFREEA RN, HoBEWTEAESY, REEUIEI A &
MATIRERRT S WMH Z AR R, F—20 2y
KEEAE, AT ST AR 2 2 ] iy PR S
KR

Zi b Tk, HRV Z %41 19 SDNNindex. rMSSD.,
PNN5O. LF, HF 5 WMH "&£ F £ A AHE, [ Eaf
ZIRERER AT RES S T WMH 19 & 4E. XTI FE | HRV
AR TCREIR B o0 2 D RERE AT 8 2 25 T FUR IR YT 5L
T, A REIEBELE WMH ) kA K R
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