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¥ B 5 A& HRV 48423 HRV 28, Kaplan-Meier 24 7 W & 047 K, WL K MACE BAARAAFEZF AL FE
SL(P=0.0043), [4it] HRV KA&( L2 SDNN) 5 HFpEF 45+ T2DM & % MACE R B %38 hn % uA0 £ | T 15
AR B EAZ AR TG R T2 AL AT,

[RER] SEEFE,;, HberHRBOOhEE;, 2AEAR;, ETEZRRCAFEFH;, ALAZIAE
[FESHES] R541.6 [ XEftRIREE] A

Correlation analysis of heart rate variability with major adverse cardiovascular events

risk in elderly female patients with HFpEF complicated by type 2 diabetes mellitus
DIAO Zhendong'?, ZHANG Lifang' , GENG Fangi' , WANG Yan', JIA Hongjian'?, ZHANG Xuejuan'

1. Department of General Practice, Affiliated Hospital of Qingdao University , Qingdao, Shandong 266000, China; 2. Qingd-
ao Medical College, Qingdao University, Qingdao, Shandong 266071, China

[ ABSTRACT ] Aim To investigate the association between heart rate variability (HRV) and the risk of major ad-
verse cardiovascular events (MACE) in elderly female with heart failure with preserved ejection fraction ( HFpEF) and
type 2 diabetes mellitus (T2DM) , and to evaluate the clinical value of HRV for prognostic stratification in this population.
Methods A retrospective cohort study was conducted. A total of 103 elderly female patients with HFpEF complicated by
T2DM who were hospitalized in the Affiliated Hospital of Qingdao University from September 1, 2019 to September 1, 2022
were enrolled. Baseline clinical data were collected at initial assessment, including demographic characteristics,
laboratory results, echocardiographic parameters, and 24-hour Holter-derived HRV indices.  Patients were followed for 1

year and divided into the observation group( MACE group) and the control group( non-MACE group) according to the oc-
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currence of MACE.  Baseline characteristics were compared between the two groups.  Variables with P<0.1 in
univariable analysis were entered into least absolute shrinkage and selection operator (LASSO) regression for feature selec-
tion, followed by multivariable Cox proportional hazards regression to identify independent factors associated with MACE.

Kaplan-Meier curves were constructed to estimate event-free survival, and between-group differences were evaluated using
Results

the Log-rank test. Compared with the control group, patients were older and had a higher prevalence of prior

atrial fibrillation in the observation group (P<0.05). The levels of N-terminal pro-B-type natriuretic peptide ( NT-proB-
NP), the ratio of peak early diastolic mitral inflow velocity to early diastolic mitral annular velocity(E/e") , and left atrial
volume index ( LAVI) were higher in the observation group(all P<0.05) , whereas multiple HRV indices including stand-
ard deviation of all normal-to-normal R-R intervals (SDNN) , root mean square of successive differences between normal-to-
normal R-R intervals (RMSSD), percentage of successive normal-to-normal R-R intervals differing by more than 50 ms
(pNN50) , high-frequency power (HF) , low-frequency power (LF), and very low-frequency power ( VLF) were signifi-
cantly lower (all P<0.05).
group (P<0.05). LASSO-Cox regression analysis showed higher NT-proBNP (HR=1.01, 95% CI. 1.00 ~1.01) and
LAVI (HR=1.16, 95%CI; 1.04 ~1.30) , as well as lower SDNN (HR=0.94, 95% CI: 0.91 ~0.98) , were independ-

ently associated with an increased risk of MACE, whereas dapagliflozin use was an independent protective factor ( HR =

In addition, the use of B-blockers and dapagliflozin was less frequent in the observation

0.18, 95%CI; 0.07 ~0.45) (all P<0.05).
the median SDNN (82 ms).
the two groups was statistically significant (P=0.0043).

The patients were divided into low-HRV and high-HRV groups according to

Kaplan-Meier survival analysis showed that the difference in MACE-free survival rates between

Conclusion Reduced HRV, especially SDNN, was signifi-

cantly associated with an increased risk of MACE in elderly female patients with HFpEF and T2DM, suggesting that HRV may

serve as a valuable indicator for evaluating autonomic dysfunction and adverse cardiovascular prognosis in this population.
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TAEBE 7 B (25.0% ), AF BOAEE O LEESE 2 Bl
(7.1% ) ,OULAESETS 1 (3. 6% ) o L sRBEVTITIE
MACE & A= s i) 55 B 175 S 45 R R 26 11 ]

55X IR R, WS L AR I8 GO0 s Bl
AT R, B A ARKE BRI FA AR Bl AR
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YR [ 148 5 5K 3R 48 il 190 i) 571 ( angiotensin-con-
verting enzyme inhibitor, ACEIL) /L& '& K K 2 K FH
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x1. MABRERABILE
Table 1. Comparison of general characteristics between

the two groups

5l Yo HE 21 MEEH
(n=175) (n=28)
it 72.13+6.92  75.75+6.05 0.016
BML/ (kg/m?*) 25.61+2.77 26.70+4.00 0.194
BSA/m’ 1.70+0.08  1.72+0.08 0.305
15 IR R/ 4 (5.01(?"20(300) (6'()1(?,'2050@ 0.834
10.00 10.00
BRIR AR A (7.00,20.00) (8.00,20.00) 0.97
s - 6.00 3.00
LSRR A (2.50.12.00) (0.50.10.00) 73
EIES/[H(%)]  68(90.67)  27(96.43) 0.577
EIE/[F(% ) ] 35(46.67)  15(53.57) 0.533
TR/ [Bl(% )]  74(98.67)  27(96.43) 0.472
L EEE R/ [H(%)] 12(16.00)  10(35.71)  0.03
PCI s/ (% ) ] 18(24.00)  8(28.57) 0.635
AT/ (% ) )
ACEL/ARB 57(76.00)  20(71.43) 0.635
B AZ RSB 50(66.67)  12(42.86) 0.028
CCB 43(57.33)  18(64.29) 0.523
FIPRFA 21(28.00)  11(39.29) 0.271
PN 245 69(92.00)  23(82.14) 0.279
NS 72(96.00)  25(89.29) 0.411
IR 47(62.67)  20(71.43) 0.407
T e 15(20.00)  6(21.43) 0.873
DPP-4 i1l 71 26(34.67)  14(50.00) 0.155
e -2 IREE 48(64.00) 7(25.00) <0.001
(IR ST 40(53.33)  16(57.14) 0.73
Jii % 19(25.33)  5(17.86) 0.425

2.2 FWHEIBEIEHRRESRONESHILE

W2 BB S 0 % 4R A LA B s, ALT, AST,
BUN SCr . FBG UA & LVEF ,LVMI RWT PASP %
RG2S L (¥ P>0.05;%2), WEH
NT-proBNP 7K P00 FAL 155 33. 0% , 22 5 A e it
SR X (P<0.001) , 378 WA 40 Ty R B g 45 s
WELLH E/e (H 3N B T+ 157 8. 6% (P =0.004),
LAVI {H# % BB LH B0 17. 2% (P<0.001) , 2 5314
BYiterag X, WEEL HbAle /K2 T H
XA, 2R KIBG T2 L (P=0.083;
#2),

x2. MAXBEHERRBE OHESHILR
Table 2. Comparison of laboratory results and

echocardiographic parameters between the two groups

Y= XA (n=75) WL (n=28) P

ALT/(U/L) 20.31+10.11  20.71£10.76 0.858

AST/(U/L) 19.69+8.34  22.00+9.83  0.237

BUN/( mmol/L) 6.01+1.55 5.93+1.15  0.806
59.00 57.00

Cr/ ( pmol/L 0.348

v/ (pmol/L.) (47.00,81.00) (45.00,72.25)

FBG/ (mmol/L) 8.82+1.72 8.54+1.57  0.448
8.00 8.35

HbAlc/ 0.083

o/ % (7.00,8.70)  (7.38,9.43)
UA/( pmol/L) 322.68+90.66 309.29+103.68 0.523

NT-proBNP/ (ng/L) 1 035.16+287.19 1 377.25+233.68 <0.001

LVEF/% 56.35+2.41 56.29+2.66  0.912
E/e’ 16.44+2.17 17.86+2.14  0.004
LAVI/(mL/m*) 37.69+5.97 44.16+3.76  <0.001
LVMI/(g/m’®) 119.52+19.60 114.71+18.33 0.262
RWT 0.53+0.04 0.54+0.04  0.423
PASP/( mmHg) 30.75+5.94 29.46+5.22  0.317

2.3 W4 24 h iSO B EIERE R
PIZH R 24 h SO IEHE AR LU s, WLge
2 SDNN B WAL F X R4, B W 35 17.7% (P <
0.001) ; M ELZH RMSSD 3% BRZH A 16. 0% (P =
0.011) ,pNN50 % XJ FEZLR# K 33.3% (P=0.044) ,
ERWAEGIE X, WIS EP WU HF
Xof PR ZH AR 32. 1% (P =0.015) , LF %55 T8 20 f& A%
22.9% (P =0.022), VLF % %t B8 4 [ ik 24. 1%
(P=0.006),EZRMAgS 2R X, WHF-B 0
R B8O R P % SDANN SDNN, . . = ff
BEU N LF/HF 22 R 0501122 2 L (¥ P>0.05;
*3),
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% 3. T4 24 h OB EIERILER 1R 0.025) , XA R4,
Table 3. Comparison of 24-hour Holter ECG parameters
between the two groups 16 16 16 16 16 14 13 13 12 12 10 5 4 2
e YRR (n=75) WM (n=28) P o 0T
SERLE/ (K /min) - 70.68+7.82  70.25+6.47  0.796 § 40F
B 0%/ (W/min) - 54.99+7.39  57.04x8.93  0.24 :g’ 35| i)
FHL%/ (W /min) 106.88+15.04 100.75+12.04 0.056 g IR RUff et
SDNN/ms 87.68+17.82  72.14x16.41 <0.001 §
SDANN/ms 74.15+18.87  75.29+21.94 0.795 § o1 T L L]
SDNN, ../ ms 32.32+9.03  33.43:10.44 0.597 RO , , , ,
RMSSD/ms (21.(2)(5).,(3)(2).00) (18. 3;(2)2 25y O-01 o Lol A_)4 ST
3.00 2.00 B 1. 10 TZXWIEHERLETSHA
pNN30/% (2.00.7.00)  (1.00,5.00) 0% B RAE TSN BORTELE Log(\) , SV o8 S-SR 5 2 5
=V kT 15.71+4.15 16.07+4.48  0.698 Al 2R 10 Hr3e SUIHIE Ay F 30 22 , K €0, %6 2k 43 31X
3870 60.20 e/ MR ZERT R NN ) B 1 ANBRER TS B P A B A A
HF/ms’ (51.50.129.90) (36.85.93.60) 01 (N1 =0, 132) 5 RIS A i 2 bl B ST
169. 90 131.05 Figure 1. Determination of the optimal penalty
LF/ms? (100.05,278.90) (74.90,174.62) - 0% parameter \ by 10-fold cross-validation
VLE/ms 471.83+227.20 358.35+161.50 0.006
H/HE (1. 811.,925. 27) (1. 821.,128. 3 O ; P - BT T ¢
2.4 EHTF LASSO EER T E kT2 o T
S FARRGE L 5 PR AT B, g e (7 5 ol
A5 R A R A ST I ST R SF 1 5 AR 3
e RATE TASSO RIHEAT SR (P<0. 1) 9514 T
2R LS AD A, T s b B i TIE DG AR X -2
TSI RE AR T e 4 T L I PR B PR 22 43 7 7 6 5 4 5 -
HP<0. 1 1Y 16 Mg ik 28 f (4RI O e e L0 Log(2)
P8 2 HbAlc NT-proBNP  E/e’ | LAVI f5 PR.0> 2. AR ANETREEEHENTHEKEZE
% SDNN . RMSSD . pNN50, HF | LF, VLF | i B % Figure 2. Path plot of the regression coefficients of
1¢%§Tﬁ§fu&ﬁ*§§u {%) [F B4 A LASSO [5] 14 ﬁ*ﬁo variables at different \ values
10 $7238 LI UE -4, 2 X=0. 132(N\,, ) B, #53
WIAIRETE | APRAESSEF A TR IE, BB dmesncy P
D4 e 55 157 24P (B RS Pr (J 1) . REAR I NT-proBNP L 1.01(1.00-1.01)  <0.001
7, BEXST R ST S EOR G K, & 7228 5 R E0R T
mMTFO(E2), TFIZ N TR 4 M EFE R BT LAVI m 1.16(1.04~1.30)  0.009
H# :NT-proBNP .LAVI SDNN i FHl 1646 5114t
25 g % Cox @ UEI ﬁ*ﬁ'%% SDNN | ] 0.94(0.91~0.98)  0.002
B Lk 4 AR Z R Cox [FH 7 H7, Dapagliflozin |—m—— 0.18(0.07~0.45)  <0.001
S5 0L R AR AR B 4 7 (18] 3) : NT-proBNP Ft — ——
—\l%— \LAVI ﬂ—-'%—& SDNN I;%{Eejj MACE kﬁz E‘J?ﬂz 0.10 0.250.50 1.0 2.0 4.0 8.00
FER: PRI 2R 3546 21 e 1) fel P 5 435 Jmy XU I8 2% A1 E 3. ZEE Cox E3SHHZRKE
FH & , SEHM ST AR R E ( ¥ P<0.01 )6 AR 3 Figure 3. Forest plot of multivariable Cox regression

P45 %4 ( concordance index, C-index) 4 0. 916 ( b U analysis
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2.6 Kaplan-Meier 4 77 B £ 20 47

TEIET LASSO-Cox [543 B & SDNN 4l
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2 BB/ K HRY 41 (51 6)) S5 HRV 41(52
B . FERET 1 AR I HRV 4 MACE ZA% R
39.2% (20/51) 7% HRV 204 15. 4% (8/52) , Kap-
lan-Meier 477 1 2k 7R , = HRV 4179 & MACE 7
Bt BRUVELER 02 5 TL HRV 41( B 4) , 4 Log-
rank A5 55 P4 25 5 HA G2 L (P=0.004 3) .
S5 RPN HRV 7K1 S0 R AR Sl 55, S ik
H B2 IRES AT, 5 & MACE KUK 34 i D) AH
55T HRV 488 150 % B B (0 22 084 it 5 500 Ik
H EI6E, BUS HHXT RS,

1.00-
0.75 E

=
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Q

S

& 0.55)
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2 . —~Low HRV
3 025, FP-00043 — High HRV

o
T

0 46 92 138 184 230 276 322 368
Follow-up time/d
Number at risk
= Low HRV 51 48 43 37 35 32 0
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Figure 4. Kaplan-Meier survival curve analysis
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