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Abstract

Objective: Investigation of the Association between Heart Rate Variability and the Total Neuroim-
aging Burden of Cerebral Small Vessel Disease in Patients with Type 2 Diabetes Mellitus. Methods:
A total of 146 patients with a discharge diagnosis of type 2 diabetes were consecutively enrolled from
the Affiliated Hospital of Qingdao University between January 2019 and October 2022. Based on the
total neuroimaging burden score of cerebral small vessel disease (CSVD), patients were stratified
into two groups: a low-burden group (score 0~2, n = 98) and a high-burden group (score 3~4, n = 48).
General clinical characteristics and heart rate variability (HRV) parameters were compared between
the two groups. Multivariable logistic regression analysis was employed to examine the relationship
between HRV and the total CSVD imaging burden in patients with type 2 diabetes. Additionally, Spear-
man’s rank correlation analysis was conducted to assess the correlation between HRV indices and
the total CSVD burden score. Results: Compared to the low-burden group (score 0~2), the high-bur-
den group (score 3~4) exhibited significantly higher age and longer duration of diabetes (P < 0.05).
Furthermore, the high-burden group demonstrated significantly lower values in several heart rate
variability (HRV) parameters, including Standard Deviation of NN intervals (SDNN), Standard Devi-
ation of the Averages of NN intervals in all 5-minute segments (SDANN), Root Mean Square of Succes-
sive Differences (rMSSD), Percentage of NN50 (pNN50), Low Frequency Power (LF), and High Fre-
quency Power (HF) (all P < 0.05). No statistically significant difference was observed in the LF/HF ratio
between the two groups (P > 0.05). Multivariable logistic regression analysis identified SDNN (OR =
0.925, 95% CI: 0.863~0.983, P = 0.011) and SDANN (OR = 0.913, 95% CI: 0.863~0.965, P = 0.001) as
independent influencing factors for the total CSVD imaging burden in middle-aged and elderly patients
with type 2 diabetes. Spearman’s correlation analysis further revealed that SDNN, SDANN, rMSSD,
PNN50, LF, and HF were all significantly negatively correlated with the total CSVD burden score (all
P < 0.05). Conclusions: Decreased heart rate variability (HRV) serves as an independent risk factor
for the development of an increased total imaging burden of cerebral small vessel disease (CSVD)
in patients with type 2 diabetes. Furthermore, all HRV parameters demonstrate a significant nega-
tive correlation with the total CSVD imaging burden.
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I RAAR S50, /0N LA AR A D A2 B PR 1 A i S8 452 47 FRT s Bt o i 105 545 5 (WMIH) L s B
RURHAE(LI) . I % & Bl B] 3 k (EPV/S) AN £ ) I (CMB) 40k By < S B S I 457 RE2 Y08 140 i /)~ IfL 45975 (CS VD)
fIkREY, AT LU R SE AR AR (MR R I R[] SERT IR SR A AR CSVD A 0B Ag Al B A4 i
() AR G NG O [2] . R HAT 1T Z AL, ABAFEES, I EXF CSVD KIEMEURILGIER = T .
VFZ TR CSVD WML Gfala R & i R 2w . MR i BEIR = g e A R [3]-
[6]. MTEER B FE T EH £ SR AW 78 0 AR A CSVD KA MBI ERE &, UMEHE CSVD il fl
TBIT RS R . H F AR RRAT & — Mok 2 NNRE ) CSVD ARG G R R % . S aT it
FRW, HEMZIhRERIGHTaPr S CVSD B E A KRGk KUG B AHE, Wil En R FE[4].

LR RMEHRV)Z H EME RG(ANS) DRI HE H Ty, & —FraERANETE, H T PPl sg a4
ARG (SNS)RIEIZZ AN 2 RGU(PNS) Z [ [P, 5.0 MR TS A%, CF 2RO M 5 &
B PR 7 JE R A7)0 Sl BRI TR I, AR HRVY 5 i 1038 9297 P8 v IR A G 497 e JXURT 4
RANESRAL T (8] B H I EENLHI EAE ANS XFREH B 25 (i A5 A 1 i 1 2 [9] [10]. 5E
AU F4RIE T 5T HRV Fl CSVD 2 [W] 58 R MIAH B J& (45 3 . — I3 T4 X 0T 72 38 B, 88 1) HRV
5 WMH 2%, MR ANS DhaeRifiG 5 CSVD MR JEMOG[11]. SR, 55— DU A fr, &I
HRV 55 K1) CSVD 5444 % i fu g A DG [12] o 1% LEHfF 72 3= FEAEH 7E WMH 1 LI, %AW 5T CMB 1 EPVS
[11][12], RA—TFFIREE T CSVD #8250 AR B AR [12] o AR R B R, RT3 & ) AR
HE, BN HRV Al ARG U AR g 77 ORI 25036 )7 BB Bk B ANS THAEESK Tl CSVD [ H A%

IEAN, HRV 5500 o L A1 FHAE T2 26 2 [A] (R R B FE W FR s S5 38 Hh B AR [5] [13]0 1R 5 08 SR JR 3 A
B2 0757 T30 i A 2 1 B 2% T e 4 B R T 0 A AN R A A — T Kl 3 T B R R O I 0
IR . Pk, ABFFRR B R DL 2 BO5E RPN EEARRAT 7T HRV 5 CSVD S AT R .

2. #RERFE
2.1. ARTR

1EHE 2019 4 1 H & 2022 4F 10 H 5 5 KM & B e th B2 Wy 2 A08E R &3 146 1. pirfy S8 24
SERL 24 h BNASCoHL I IR K i MR RS . ARHE CSVD SR A A, R 0~2
5340 98 15, 3~4 43¢H 48 5. WA NARME: 1) FiG (R 2 BURE IR FL 16 TR R (2024 SERR)) A 2 BUHE PRI
PHZWibRAE: 2) 2N MRI A S, 24 h 2450 B A . LS D& I 20847 A DG AR AR 25, I
KRR e R, HEpRARAE: 1) TR0 OB ERT 1 B W IRF X B EHEH MR 259, W p 2R
A% 2) BA TR HRV BUEA L MNER, b B SO ERE: 3) BadRMmiE; 4) i3
ASH B L, WO AR A REBE ot of el o4 I i H I A%
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2.2.1. —fRIGKRFIRIE

WS B FEER, YAl BMIL BEPREREE . 2 AR IR RIE . WO DOl 2 A &l A, 275
i 2 SR — IR BTk, Il G MbE . Wik 40 & [ (HbALlc). TC. TG. HDL-C. LDL-C &
2.2.2. HRV #4d

O R — T PPl S IR 2 R 5 ISR A R G AP APIRZS I B QIPE D7 % - ABFi
HRV $E K IE TAEAERT 7 RS2 24 /N 2250 i 00 fr 26 2 0 FL IR SR o BT 8 50 1 B 4 )
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T OREE H R 353, BERIZUES). ARFFFRAM HRV ACSH SR WHg i ehs: BTA NN
[E1) 99 ¥ b v 22 (SDININ) %482 5 430 9 BT NIN [ 33 B3 (¥ A v 22 (SDANIN « AHAI NIN ] 391 25 {8 1) ¥ 77
HR(rMSSD). AHABIFIMZE(E > 50 ms [ E 4 LL(PNN5SO); ATtk o Hrdhs: (RAZhZ(LF). mdlizh& (HF) &
FCEUAB(LFHF) o A i p— 070 B BIE RHER DIT HEAT S A% A

2.2.3. ®RFITE

P B ) SE NN MRIASEE, SRR MRIJFAVESE: TL IBUSAR(TIWI). T2 HIAUSAR (T2WI)
AR T a2 VK A A% (FLAIR) « REREUBOINBUAZ (SWI) 2 BB A% (DWI) . CSVD §EA% 8 F 1 V40K
A PR REAT VRS . VRN R . BAFELL TR L ANESHET 1 7 ISBRIEMIZE . I 15
B MR A R BRS K. H4 CSVD s G R S 4% i 0~4 43 PF5E[14]. CSVD AR L 5 fef 43
B 2 %5t B FIGRAE EA RS S RHE MO TR M= BIAA—B, 1 2 BRI A
oy
2.3. Git¥ERE

K SPSS 26.0 G it AT AT HAR /7M. FFEIEST MR ETRILIIE £ FrfEZE(X s)filiik, K
FAMSTAEA t K50 LR IR 22 575 AR IEAS 0 A0 (78 5 DR DA b 6 2808 Y 231 2RI BE[M(QL, Q3)1E R, K
Fl Mann-Whitney U 56 FUECA (0] 22 57 o THECEERE A (43 EE) [n (%0)]1387R, R @ K6 e 4 ) 22
o N BB R R 2R A AR A SR E, SR £ K3 Logistic [71J9 4347 & Spearman 25405 M. B
AR L P < 0.05 A% 5 BG4t L.

3. &R
3.1. 2 tH— PRI R E R L 8

2 5 MEL BMIL WA G . 2 7S AR R R RORE « R IE . TC. TG HDL-C. LDL-C. HbAlc.
G, mliLE . 2GS LR ZE R (P > 0.05), 3~4 AR BRI T 0~2 4P <
0.05), WL 1.

Table 1. The comparison of general clinical data between the two groups

52 1.2 tH—ARIGRR B R L3R

o 0~2 441 3~4 434l o
A hE (98 13) (48 191 GRS E P&

, 59.00 63.00 o
Y (56.00, 63.00) (55.75, 65.00) Z=-2250 0.024
i [n (%)] 62 (63.9) 27 (56.3) 42 =0.796 0.372

) 26.08 26.55 _

BMI/kg:m™) (24.60, 28.72) (24.20, 29.21) 2=-0044 0.965
B PRI o FE 4 (3.0(?2%.00) (6.0(?.01%.00) Z=-2212 0.027
R I RIED (%)] 35 (36.1) 21 (43.8) 2 =0.796 0.372
TN (%)] 31 (32.0) 15 (31.3) 42 =0.007 0.931
AN (%)] 20 (20.4) 6 (12.5) 2 =1377 0.241
# B e MR (%)] 49 (50.5) 18 (37.5) 42 =2188 0.139
B IR [N (%)] 53 (54.1) 29 (60.4) 42 =0525 0.469
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S R VRIT N (%)] 24 (24.5) 18 (37.5) 72 =2.661 0.103
FEREZ[n (%)] 94 (95.9) 42 (87.5) 72=2.381 0.123
R R Zi[n (%)] 53 (54.1) 29 (60.4) 22 =0525 0.469
UM 25N (%)] 45 (45.9) 27 (56.3) 22 =1.376 0.241
7T [N (%)] 78 (79.6) 36 (75.0) 72=0.397 0.529
S0 R A
437 4.30
. -1 -
TC/(mmol-L™%) (3.75.5.11) (3.27.5.28) Z=-0.856 0.388
1.46 1.39
.| -1 —
TG/(mmol-L™) (1.03, 2.23) (1.12, 2.00) Z=-0.650 0.516
1.08 1.08
- -t - _
HDL-C/(mmol-L™) (0,93, 1.30) (0.90, 1.33) Z=-0.331 0.719
2.55 2.32
- ! - _
LDL-C/(mmol-L 1) (214, 2.98) (157, 3.30) Z=-1.062 0.290
7.60 7.60
0 - _
HbA1c/% (7.00,7.85) (6,75, 7.98) Z=-0.070 0.975
6.96 6.71
73 J -1 -
2% {5 LpE/(mmol-L ) (587, 8.10) (5.49. 7.49) Z=-1712 0.087

3.2.24H HRV &b &

3~4 4340 HRV % SDNN. SDANN. rMSSD. PNN50. LF. HF fi-F 0~2 4+41(P <0.05), 2 41 LF/HF
PR LT B 2 7 (P > 0.05). W4 2,

Table 2. Comparison of HRV parameters between the two groups
R 2. 24E HRV SHLLE

0~2 44l 3~4 44l

A (98 f5) (48 f5) Gtk AE P&

SDNN/(ms) (93.7151,2i%%.00) (79.(}8,0&%.75) £=-3.352 <0.001
SDANN/(ms) @ 4.818’0'1%.33) - gg%z 1) 7=-432 <0.001
rMSSD/(ms) (20.53,%3.00) (20.222,'2%.00) Z2=-2461 0.014
PNNS50/% e o‘(l)',og. 00) " 2‘;'102_00) 7=-2134 0.033
LF/(ms?) (183.2221,1.?582.95) (77.3;8573.70) Z=-2.231 0.025
HF/(ms?) (82.5?%124.48) (54.7%??56.08) Z=-2243 0.025
LF/HF LAt (1.312'18339) (1.112'173 i 7=-0612 0.540
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WA — I R BT R AR IR, M08 . BB IR REVE R R BN, DA HOB R TR A N 3 1)
S, K75 SDNN. SDANN. rMSSD. PNN50. LF. HF ##47 — 7€ logistic [8] 343 #7, HE~4E# . SDNN.
SDANN. rMSSD. PNN50 Ef 4248 L. W& 3. #4EE . SDNN. SDANN. rMSSD. PNN50 i#k—
BT Z K3 logistic [BH43#H7, ATLAZEH: SDNN. SDANN Jy 2 Bk fRIp Hi CSVD A% M A7 I Jh ST
R E (P <0.05). W% 4.

Table 3. Logistic regression analysis of HRV parameters
%2 3. HRV £# Logistic Y3547

T A B SE Wald »2 OR 95% Cl P
G 0.088 0.037 5.685 1.092 1.016~1.174 0.017
1 R PRI 97 P 0.033 0.030 1.237 1.034 0.975~1.096 0.266
SDNN -0.025 0.007 12.882 0.975 0.962~0.989 <0.001
e 0.087 0.037 5.421 1.090 1.014~1.173 0.020
2 B PR i A2 0.041 0.030 1.806 1.042 0.981~1.106 0.179
SDANN -0.031 0.008 16.149 0.970 0.955~0.984 <0.001
e 0.071 0.036 3.948 1.074 1.001~1.151 0.047
3 W PRI A 0.040 0.029 1.932 1.041 0.984~1.101 0.165
rMSSD —0.080 0.032 6.361 0.923 0.868~0.982 0.012
RS 0.075 0.036 4397 1.078 1.005~1.157 0.036
4 R PRI I 0.033 0.029 1.268 1.033 0.976~1.094 0.260
PNNS50 -0.164 0.063 6.707 0.849 0.750~0.961 0.010
A 0.054 0.034 2.497 1.056 0.987~1.130 0.114
5 B PR i A2 0.042 0.029 2.153 1.043 0.986~1.103 0.142
LF -0.002 0.001 2.529 0.999 0.997~1.000 0.112
e 0.063 0.035 3.240 1.065 0.994~1.141 0.072
6 B PRI A 0.041 0.029 2.067 1.042 0.985~1.102 0.151
HF -0.003 0.002 3.557 0.997 0.993~1.000 0.059

Table 4. Multivariate logistic regression analysis of total CSVD imaging burden in patients with type 2 diabetes mellitus
4.2 BIPEIRIREE CSVD &R Mm% E 2 Logistic BYAS

Bl B SE Wald y2 OR 95% ClI P
SDNN -0.051 0.024 4,394 0.925 0.863~0.983 0.011
SDANN -0.071 0.024 8.464 0.913 0.863~0.965 0.001
rMSSD -0.013 0.055 0.056 1.022 0.911~1.148 0.708
PNNS50 -0.174 0.106 2.713 0.873 0.701~1.086 0.159

GR 0.085 0.038 4.976 1.061 0.994~1.132 0.073
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3.4. HRV 5 CSVD #& 2 /Ry Spearman X145

Spearman 73 #7 & 7~, SDNN. SDANN. rMSSD. PNN50. LF. HF 5 CSVD 4. fifar & Ui ¢ (P
<0.05), W% 5.

Table 5. Spearman correlation analysis between HRV and total CSVD imaging burden
%2 5. HRV 5 CSVD #& 2 iy Spearman &M 5347

B3 r e P&
SDNN —0.278 <0.001
SDANN —0.359 <0.001
rMSSD —0.204 0.013
PNNS50 -0.177 0.032
LF —0.186 0.025

HF —0.186 0.024
LF/HF LU —0.051 0.542

4. 7ig

2 BRUBE R A2 i/ LA 995 (CSVD) R AR 5 e Je ) B BE S DR 3R o AW ALK I, 7 148 1 B% JR I & v
CSVD R w4 3~4 43 & IL 48 Bl (5 B FEA ) 28.6%). /0 F AL M (HRV) I &40 IEH O
A RR RIS Eh, BT H EAE RGANS)FIFERIRES, VR A F L DhRe 0 E E 8 bR, i
SEWFFLR I, HRV GG ML B0 23 B TS B TIN5 PRAEE . HRV B840+, SDNN £54 Rt
T A TR ORI AR AR, P AR HRV HH P8R, rMSSD & PNN5O0 & 314 ik 7E fh 4 7k
JIRVE e, X E=ASHNEEC, 3R T RIS ERAP A TENE R 1 RAS B VG A Y 58 . 7EAIE S50
T, ARAT) 2 (LF) [ B A A 20 A0 G AC IR 2 O SRR RS, ATl 26 (HF) B i S B A8 I 22 0 1k
LF/HF LA B T 220K - BIAC 2 P ATIRAS . BEAEWT 737~ SDNN. rMSSD 241 5 CSVD 1%
SARAEAE RS . AR5 KRB, CSVD fifi 3~4 2r 41 SDNN. SDANN. rMSSD. PNN50. LF &
HF B8 #T 0~2 404, WRILT 2 BUBEIRM B+ CSVD AR B 7 ff B AHE, H A EMEEIER
BHNHE . DEF 72 BT HRV 55— CSVD A bR &MU (A B (5 5) I &, 6l Del Brutto
SE[15] & P SDNN 5 WMH #EfE £ 47M155. Obara 25[16]% ¥ LF/HF LuiE 5 WMH £ &A™ 55
G, A% LF/HF HoEE WMH AT K. SRTARFF A, AR T 28600 771, K Bk i
B WA ST I A R BESR Rt 2L NP R R, AN SEILGT CSVD i A8 F2 4 1) 4%
PRPEA . Qiu ZE[17]7EHE PRI 535 TP WL Z2 2K i) SDNN 58519 CSVD M fifmifl e, A~ HRV BT {E
IR R B CSVD RS S VS TSR bR . HAT, M8ZAE 2 BRI ABE P R HRV B
5HRZ45 CSVD ™ EAR AW 7T . AW AEM T AT TR S5 .

TEIX IR W 7, BATHE 7P RS HRV 5 CSVD Bk R, BATKIL, 158
HTIVNBRIEEE, ARG HEACH HRV 5 CSVD B AR EAEMII AR . AWt ER, HRV 33
SDNN.SDANN >}y 2 BUHE PR 5 CSVD 5245 e B i [ 37 520 K 25, SDNN . SDANN . rMSSD . PNN50.,
LF. HF 5 CSVD s fiumm S AAAHOG . 2 BB PRI 38 HRV 0385 CSVD 5244 ek B A (1) 5 A2 T BEAT LA
TERE, Bk, BEEEPPRESRESAAE . AR K EIUIRET R, IR B H A EME TR E
AR N, B A IR S5 . A R G5 (ANS)IE I 3 IR @A AR A BN AT R O L A
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o AWFFKIL, HRV ZEHIFEAR(I SDNN 25) S 1 B S8 o 2835 Ml 58 M A B 2 5k i . 320
P2 1o PO P 2 AR I R LA 45 . Ho—, SO e S UM ARG R R B IER, n
AL AR A BRATUBROS, 4540 A LU B, (R I A BE B PR 5 2R kA L, ACIRAR AR TE 1 1Y 5 ]
BOE &R - AR5 R - BEE R RGU(RAAS), HE— 5 IR 2O RN 2 ThReksEng; =, mlIxg@s
TP TR T RE 55 0L R 5K B8 0 AW IR E ST SRR, S EUNIE M EE A 2 . RIAKLEIIL FAE A,
A REEEA AR IILF J5 B e AEE R E TUR AR AH  AEE RE, HEZ) CSVD AR S ) AR . K,
B PR S5 K S v RS 51 S 1) I S Ak 247 W) (AGES) HERR M R RiAR T RERRAS,  RTRETBCR ANS 2%
Xk o I PR AR T N, TR - AR - I A ELAE SR G BR . ARHIF T 45 5 Del Brutto 25[15]56
T HRV 5 WMH AR 4518 —5, Hit—8 B2 CSVD BT, 8 T HRV 52485514
FrEPI(LI, WMH, EPVS, CMB) 151k, {AfFEEM/E, 5 Obara Z5[16]#F 59 LF/HF iS5 WMH 141
FHRI R IAE, AWFFEH LRHF AR SR Gh58 , XAl Re 507 %22 55(T2DM 38 5855 A
) o CSVD Pl AEAE R 224 K o J3 4k, Qiu ZE[L714E 0% PR J 3 ik 5 SDNN &5 CSVD & i far £ 5,
AHFFEAIGAE T IX—4518, il 2 S50 i A 7 SDNN. SDANN S5 3838 br F ML T8, M
HRV I RS B T 3 AT R - 505, B B B R M B2 5 IS 505 40, I aR i F i s,
ARG RIE 5 AL T fE A RN IR Eh 0 R A8 F M (HRV) BRI -5 5 /N L9755 (CSVD) i & [R]_E 3L -
2 BUBE R (T2DM) &3 KIAAL T2 PR RE S RERES, IRRAE R -0 (TNF-a). FZHA 3:-6 (IL-6)55 %
FERFACF TR, o Bk ThRE, SERCHRV R M. RN, S0 DR 1 R ml i AR i 5 e
PR LAE PN R 80 S A%, NI CSVD s AR B SRAR[18]. shAh, o o 75 5 (1 A Ak SL I o
AIIE AR A R0, DGR AT, TERC “EAARE - B EME R - A7 1%
PEEIR . R, HRV BCEVFAMUR B M ThEE M B EAARIL, A8 T T2DM & P 98 0E 54
RO T . R, RTER SRR A JF CSVD B3 HRV BT E D, KR THE LM
WEFCRAE R S5 BE, BT RERTREERNZIRE 7, WM HRV Z48Fsxt CSVD #EE MR, JodoeE
B 3k 5 458 2 BUE B 18] 7 9 B BSR4 SRR F i R TP R & JRIR TR T, VEAGLL HRV AT
IF1) 6 T 5 (O 2R A S AR W IR SN 0« SRR AR BRI, 230 7 30T T0%) 2 75 B S 0% B 4P 1)
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5. &hig
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HRV % 3ifatr 5 CSVD A& B Ml 2 X R PLE ZF K AR COR &R, KW 2 BUEIRM ¥ CSVD E 5
ATREMPZ A PRI SRR 0, P78 B EMA RGOS PEAE CSVD RIRHLEI BT REME ], 7RI IR o HRV
N 2 RUPE PR A CSVD MG PP T REAA —E & Lo HRV AN —REal. AT E [ B L2 Dhg
PG T, £ T2DM &% CSVD W73 = i BAT I AE N I AME . X+ HRV B2& BRI, FIT-H
(hnsm AR o i) AR QA 29 B B DI RE) AT RESESE: CSVD HERE, BRARIARIREGG [
AR, BEAh, HRV ISR PRI SR G BT 58, A D9 PPk B P 685 I LA I A KU F) i
RIGIRZ — o AWFTCHATAE € JRIRTE. H5E, MEABEBImaT 7T, MELUIE HRV 5 CSVD IR KR,
R TTFEIA I BN IR FC BRI (8] P 51 R . HK, A FEREA RV AU NERE B, AT REfFfEIL
P, T RFEAR I NRE LA i 4 2R R 1k

B
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