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[ ZE] [BM] HiTHH5HEEHCHEB(HFPEF) &5 S B3 (AF) B 2S£ T FH(HRV) 54
HEEIF(RVD) £ 4. [AE] RIRAKA2022 %1 A1 B Z2024 412 A 31 8B4 4 128 4 HFpEF
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TE MESZRAE LEARRASABER ) RAMRFME L5 HLIRA HRV 245 RVD L A £ B9 7 F-R B *
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REINE B EHERMEE R (P<0.05), HRV REFE AN 4 AUC 14 0. 946 , 4L B A5 5 B o 51 B 93.56% .,
94.57% ., [#51] HFpEF 43 AF %% HRV 5 RVD 9 X £ R X M A fi AR £ £ & X — K I W6 R F08
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Correlation between heart rate variability and right ventricular dysfunction in

patients with heart failure and atrial fibrillation
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[ ABSTRACT] Aim To study the correlation between heart rate variability (HRV) and right ventricular dysfunction
(RVD) in patients with heart failure with preserved ejection fraction (HFpEF) combined with atrial fibrillation ( AF).
Methods 128 patients with HFpEF and AF admitted to our hospital from January 1, 2022 to December 31, 2024 were se-
lected as the research subjects.  Based on the results of right heart function assessment, the patients were divided into two
groups: the right ventricular dysfunction group (n=153) and the normal right ventricular function group (n=75).
Spearman correlation was employed to assess the correlation between HRV parameters and right ventricular function parame-
ters. A multi-factor generalized linear mixed-effects model was constructed, with HRV parameters as independent varia-
bles and RVD as the dependent variable.  Restricted cubic splines were used to investigate the dose-response relationship
between HRV parameters and the incidence of RVD.  Additionally, the diagnostic value of HRV parameters and combined
detection for RVD was analyzed using the ROC curve. Results The levels of HRV parameters ( SDNN, SDANN,
RMSSD, PNN50, LF and HF) and right ventricular function parameters ( TAPSE, FAC and S") in the right ventricular
dysfunction group were significantly lower than those in the normal right ventricular function group (P<0.05). Linear a-
nalysis revealed a significant positive correlation between HRV parameters and right ventricular function parameters ( P<

0.05). Multifactor generalized linear mixed-effects model analysis demonstrated that SDNN, SDANN, RMSSD, PNN50,
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LF and HF were negatively correlated with the incidence of RVD (the B coefficients were —0. 465, —0.205, -0.559,

-0.293, -0.732, and -0. 147, respectively, P<0.05).

nonlinear relationship between HRV parameters and the incidence of RVD (P<0.05).
tection of HRV parameters was 0. 946, with sensitivity and specificity of 93. 56% and 94. 57% , respectively.

Restricted cubic spline model analysis indicated a significant

The AUC value of combined de-

Conclu-

sion There is a negative correlation between HRV and the incidence of RVD in patients with HFpEF combined with AF.

This result offers a critical theoretical foundation for clinical assessment and therapeutic strategies.

[KEY WORDS | heart failure; atrial fibrillation;

> 55 B 8l (atrial fibrillation, AF) A1.0> J1 i
(heart failure , HF ) 124 A fi 6 DL 008 O 1 8%
s, H v FEUT SR AE Bl 25 4 RO\ 11 8 0% Ak A i Jo i A2
KWE KRR RS A ST AR TR, R
WA IFAAE BTG B AR B T AR B A T
TR AR R G A R B
1> F15E0E (heart failure with preserved ejection fraction ,
HFpEF) AF24 HF B —FpREERZE R, FORE i 7E T 72
B S M B X B, ZIAP AT B . A9 e S E IR
FURIE, AR E, 2/0 =52 —/ HFpEF B3
A F ARSI, £F X% HFpEF & JF AF (1
H LRI E VA S A B EE N E
X DFRAR S (heart rate variability, HRV ) 7E A7
O IR A 3 #0 28 D e Y 00 B 8 51 B4 Y E
TEAR , REAE 1t Ak 22 0o JIE B AE 0 JIE S 118 XU, %)
TR 14 109 e BRI T LA R T
FEIm IR |, 24 h 2250 v 00w 2 T3 A6
HRV , 38 i i S USR8 AR 7Y 255 0, RE A% 4 1
Ho AT AR B Y HRV RS A 05T B 4
HRV 1 57 A2 A A A T 46 40 ML A8 5 IR 114 34
T, 305 A T L A0 B R G, 0 LA R
R EE AT A0 REREAT (right ventric-
ular dysfunction, RVD) 7 HFpEF &% T4 i W,
HAEFmMEBEWEEEER, AIF5ERR, AR
A fESE RVD I — A EEGERE 7 AF RO
JIESE BB OIS W 3 S A O AN L 46 Th e X —
RIFE— AR T AF 7] GBI i 5 5 A0 % 1Y
YNtk Rg , FE X AR D R R R E . B
HII, & F HFpEF #3f AF 2351 HRV 5 RVD A9 4
KT . I, ABFSE B FER A 73 Bt HEpEF
B AF BB HRV RHE, FFERFS RVD Z ]
P FESCHKR, ) HFpEF 5 3F AF f9i277 i B4R s
N RSRF A AR

1 FERMTE

1.1 ®TRMTE
AR H 2022 41 A1 B ZE 2024 4 12 H

heart rate variability ;

right ventricular dysfunction

31 B #1E Yk 89 128 1] HFpEF & 3 AF B # 14
HRNEZ, REECHETFE D ER FEH LN
EOHEERA (n=53)FACHEEFH(n=
75), AARFTEFEREFARMEE R 2 EXH#
(S 5 .20210705) , BT H 5 5 HF R B B
HEHBEXREZTHERES, AN E: (1)
%4 HFpEF S iipk il 221 () 20 m A
HHE 24 h S ACHEHD AF KIEE;(3) Fh =
60 % L NYHA o gh#t 2% T ~ V&, HhArE.
(DHEACEERE oo ERE, ) #aS
MR E EERE ARG AR (3) AR
SE R M SRR B B

KRN FEHREIT LAY N=2x[ Px(1-
P)JE*,N AKX E,Z B E, BEEREN 95%
H,Z=1.96,E X i% ZH (K# K& ZH & 5% DL
W,E4.6%),P AHERME(H0.05) , &5 HFEA
B 132, AFF RPN 128 il R 2 AR
EWS% A, HREEREK,
1.2 IERERKE

XN R G 128 ) 3 03 40 e R R AT
TRAMIDEEE, XBRREZAEFNER M
A AR 48 % (body mass index, BMI) | fZ &t | 4 45
JE AFHRE O E NYHA O Th % B R
FUREREFAEGLE BRRF ZQH, &R LE
Slg kg, X E SRR, (1) BOE =2 L&
HREKEAFHZALI0 L, BEIHHKFTD TS
E (OMBE R FAKE=3 XA RITHKT
DT 5 5 (3) B R E S A A A bR vE L R E A
Sy PR IE 5 B E AT, % E =140 mmHg 0
() 475K & =90 mmHg; (4) 4 F/m & L. Z
B =7.0 mmol/L = 1 it # A # it EiX 40 2 h fo =
11. 1 mmol/L; (5) & i & X 2 &K 3 k& % &
WAL N, 2 ET BB X E R HE ARk
SEERRA BT, REEFEL X OMEHANERF
TR EMRE, AR ERE =50%;(6) & f5 iLiE &
M. % 2 H B (total cholesterol, TC) >6.22 mmol/L .,
+ i = B (triglyceride , TG) >2. 26 mmol/L & % & fig
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# A BB [E B (low density lipoprotein cholesterol , LDLC)
>4. 14 mmol/L,
1.3 SR EIEHREN

REAEHTHERSBERST W KA
A, A 5 BC-5180 4 K 3 T 4~ % i 48 g 9+ 47 (L
A A o B A 4T 28 A 1T 2 (red blood cell count,
RBC) . & 28 it 1+ %1 ( white blood cell count, WBC) . 1L
/N (platelet, PLT) | it 21 % & (‘hemoglobin, HGB) ;
FF 4 55 BS-600M 4 B 30 A& 14 A7 (04 M o ¥ K
A # B % % ® (aspartate aminotransferase, AST) | 7
% B % % 5 (alanine aminotransferase, ALT) . B & H
(albumin, ALB) . i1 & AL B ( serum creatinine, SCr) |
Mk % A& (blood urea nitrogen, BUN) | & B ( uric
acid,UA) \TC TG, LDLC, & % & Jir & & fB [ &
(high density lipoprotein cholesterol, HDLC) ; f| A &
[ cobas e411 # & B 3h & 4L 2 Kb &% 20 A PUR I
% N 7K 3 6 44 AK BT & ( N-terminal pro-brain natri-
uretic peptide , NT-proBNP)
1.4 BELHERE

& 7 Philipselit % & % & ## = O 3h (L AT O
JER A W EMEN 1 ~5 MHz, 344> x # 48
VR 47 3 ~5 o 2 0 B B R AU 365
KBMEENTFHE, AOREDTESBCTEA
B % #E 3R T WO 4 B R 7 (tricuspid annular plane
systolic excursion, TAPSE) | & & £ 4 %t | R & 1t
(RV fractional area change,FAC) X & & E # 30 L 45
HIEEEE(S), ARFRKIESBETEH O
KEM =R im o FIEE(E) ARFRKBEY=
R o R JE S (A) JE/A, DR = 4R HE IR BE AT
KE M FIEE (B ) A 2 IE{E(A") (E'/A,
E/E’,
1.5 HRV #&ill

R GE BT (&) %4 5 BT 4 7= CT201A092
A BILFKMIT R HRV R, i A B % T
24 h B A0 R EAE, IR R K HRV S8, A
BT A AE E W E M RR BB 8 47 2 (standard
deviation of normal to normal intervals, SDNN) | 4 4F
RR & #1 2= {& 7 35 7 R (root mean square of
successive differences, RMSSD) \RR 8] #1 By F 34 1 A1
W £ (standard deviation of the average of normal to
normal intervals, SDANN) (48 4F RR 2 £ KX T 50 ms
By A2 AN MO AN SN E 4 (percentage of
the number of interval differences of successive normal-

to-normal RR intervals greater than 50 ms among the

total number of RR intervals, PNN50) ; #7 4 24 M 3%

NEZET HRV EXRAE oy LA, £ E0HF
& (low frequency, LF) |7 # (high frequency, HF)
K LE/HF 18,
1.6 ZitZEHH

A A SPSS 22.0 B 3 Uk & B By A8 X #K A AT
AT MTFHAEAPAITELR, U xes kg
TR R, UBI B (%) R, AEKEK ¥ &
B¢ A5, K A Spearman 48 % i ff HRV &% 5
ERGSHEMERE, WHRV 288 B X &, U
FE KA RVD A B &R & Bl oA & 3 8 7 oy R 2
Bl & (F A BMLEE L K% E FKE O
# NYHA QiR BB RBELURZEE R
EwmmE BERRE EOH BELE), WESEE
JTXEERABMARA, KA RS TSR
% HRV 2805 RVD & £ 2 B 4 ] E-F Bk R
& Al ROC #1 % 4 #t HRV 2 B H 5% & 4 il X F
RVD 8% #ih ., P<0.05 % T % & B4 4% it %
B,

2 % R

2.1 leRBEREE

PIZHL R AT Y PRSI BMI B Eb W4 T
EPORE 0RO S R sl IR B PR | e
LR L 7 B I AE A & RBC, WBC , PLT , HGB , ALB |
UA \TC TG \HDLC .LDLC # S 4 it 5% L (P>
0.05) , 1 NYHA > IRESM 2%  AST ALT SCr BUN LA
& NT-proBNP 255 HA G5 2 L (P<0.05; 3 1) ,

x1. MAMRKFFLLER

Table 1. Comparison of clinical data between the

two groups

FERIIeYINiT AL HhE
WH EHH Fe 20 gGiE P

(n=75) (n=53)
SRR % 75.16£2.91  74.39+2.83  1.491 0.138
B Lot [11(% ) ] 4323((5&.0(?0))/ 229;(5;5'.7228))/ 0.021 0.886
BMI(kg/m?) 24.28+3.42  24.35%3.57 0.112 0.911
I L, 0.89+0.15  0.91+0.18  0.684 0.496
W8 FE/ mmHg 139.93+13.72 140.52+12.64 0.247 0.805
#F 3K HE/mmHg 75.92+5.48  74.165.36  1.806 0.073
D3/ (R/5T) 80.53+6.54  80.04%6.29 0.424 0.672

OIS

%ﬁi\%fm“ﬁw 12.286 0.002

4 37(49.33) 13(24.53)
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2k x2. WHEE HRV SHAACINEESH L&
FERRIN FERRNIN Table 2. Comparison of HRV parameters and right heart
- ALz, R TSN
H IEHAL Fifid 41 Gt P function parameters between the two groups
(n=75) (n=53)
HOfE f ke )
4 I . . 2
I 2% 23(30.67) 15(28.30) i H ERAL(n=T5) BBl (n=53) ZitE P
V2 15(20.00) 25(47.17) HRV &%k
B L% )] 34(45.33) 2BLSD)  0.185 0.668 SDANN/ms 85.72+5.38 75.16+4.93  11.319 <0.001
w Y ’ : : : RMSSD/ms 37.84+4.62 23.29+3.76  18.918 <0.001
R/ [BI(% )] 43(57.33)  31(58.49)  0.017 0.896 PNN50/% 13.27+2.76 7.94x1.35  12.993 <0.001
MRS/ [(% )] 30(40.00) 20(37.74)  0.067 0.796 LF/(ms*/Hz) 132.51£14.82  115.26£13.91 6.652 <0.001
S/ [ (% ) ] 27(36.00) 18(33.96) 0.057 0.812 HF/ (ms?/Hz) 84.39+5.17 72.35+4.23  13.965 <0.001
LF/HF 1.58+0.61 1.60+0.52  0.194 0.847
R I 1(9 .3 . . .
ERIME/ [ (% )]  22(29.33) 14(26.42)  0.131 0.718 T,
RBC/(x10% L™")  4.53x1.62  4.68x1.59  0.520 0.604 TAPSE/mm 19.17+2.05 12.62+1.86  18.493 <0.001
WBC/(x10° L) 7.31+1.49 7.26+1.46  0.189 0.851 FAC/% 40.51+4.27 32.39+3.62 11.272 <0.001
S'/(em/s) 15.74+3.16 10.48+2.81  9.705 <0.001
PLT/(x10° L7')  221.69+14.53 223.82+14.27 0.823 0.412
E/A 0.98+0.07 0.97+0.05  0.891 0.374
HGB/(g/L) 137.24+10.65 136.15+10.58 0.572 0.568 E'/A’ 0.59+0.12 0.56+0.09 1.539 0.126
AST/(U/L) 19.37+4.42  22.9324.76  4.347 <0.001 E/E’ 5.78+0.45 5.84+0.39  0.784 0.434
ALT/(U/L) 15.48+2.16  19.61+2.83  9.361 <0.001
ALB/(g/L) 39.5242.39  40.28:2.26 1.812 0.072 & 3. HRV S5 R LHESHNBXES
SCr/( pmol/LL) 76.28+8.64  87.14+9.37  6.763 <0.001 Table 3. Correlation analysis between HRV parameters
BUN/ ( mmol/L) 6.12+1.68  7.06%2.53  2.526 0.013 and right heart function parameters
UA/ ( wmol/L) 411.86+21.39 413.94+23.72 0.518 0.605 5iH TAPSE FAC S’
i
TC/ ( mmol/L) 3.62+1.28  3.65+1.24  0.132 0.895 r P r P r P
TG/ (mmol/L) 1.1720.34  1.14£0.38  0.468 0.640 SDNN  0.732 <0.001 0.865 <0.001 0.513 <0.001
HDLC/(mmol/L)  1.0920.49  1.12%0.53  0.330 0.742 SDANN  0.468 <0.001 0.529 <0.001 0.437 <0.001
LDLC/ ( mmol/L) 2.38+0.65  2.35:£0.61  0.264 0.792 RMSSD 0.391 0.015 0.623 <0.001 0.265 0.027
PNN50 0.624 <0.001 0.176 0.038 0.652 <0.001
NT-proBNP/ (ng/L) 875.17+36.72 1 237.94+46.85 49.064 <0.001
LF 0.285 0.024 0.474 <0.001 0.549 <0.001
HF 0.306 0.018 0.619 <0.001 0.732 <0.001

2.2 HRV S¥MAOINBESELE

170> I RE B A5 4H SDNN ., SDANN, RMSSD .
PNN50 .LF HF . TAPSE .FAC } S'/KFAK T4 .03
BEIEH 4H (P<0.05) , i LE/HF E/A E'/A'#l E/
EfFEMAREZHEZRB LS ITEE L (P>
0.05;%2),
2.3 HRV S#ES5HLEESHEMNEXES T

LRAE TS B s HRV S50 ( SDNN .SDANN |
RMSSD . PNN50 \LF HF) 5747 .0 M) 66 2% ( TAPSE
FAC.S") Z [ B3 IEA K (P<0.05;% 3)
2.4 HRVSHERVD REEXEWESEE &4
BAMRMIRE ST

LI HRV 2508 A48, LR &4 RVD A A
it TR LRMER AN AT 531, 45
B8 7K, SDNN , SDANN . RMSSD , PNN50 | LF 2 HF
¥15 RVD Wy AR ERAHK IR (P<0.05) , %
RZ<HNZ G, HRV 2805 RVD i % 4 R Z [ 4F
TEPRH R K FR (P<0.05;3K4)

% 4. HRV 38 5 RVD R EXWEZRER N &4
RAMNMER ST
Table 4. Multivariate generalized linear mixed effects

model analysis of HRV parameters and RVD incidence

FEE Y B P OR 95% CI

AL 1
SDNN -0.823 <0.001 0.439 0.382~0.753
SDANN  -1.184 <0.001 0.306 0.175~0.581
RMSSD  -0.285 <0.001 0.752  0.504 ~0.875
PNN50 -0.207 <0.001 0.813 0.627 ~0.918
LF -0.516 <0.001 0.597 0.451 ~0.726
HF -0.449 <0.001 0.638 0.539 ~0.814

A 2
SDNN -0.168 <0.001 0.845 0.675~0.913
SDANN  -0.431 <0.001 0.650 0.531 ~0.797
RMSSD  -0.662 <0.001 0.739  0.582 ~0.860
PNN50 -0.662 <0.001 0.516 0.437 ~0.735
LF -0.214 <0.001 0.807 0.639 ~0.894
HF -0.383 <0.001 0.682 0.517 ~0.758
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LT B P OR 95% CI

iR 3
SDNN -0.465 <0.001 0.628  0.483 ~0.769
SDANN  -0.205 <0.001 0.815 0.728 ~0.904
RMSSD  -0.559 <0.001 0.572  0.416 ~0. 682
PNN50 -0.293  <0.001 0.746  0.659 ~0.846
LF -0.732  <0.001 0.481  0.357 ~0.583
HF -0.147 <0.001 0.863  0.725~0.934

VA | RIR IR PR 2 R 2 AR ) BMIL;

3 FEAREAL 2 R T R A L MO TR BT SRR 0 AR ONYHA 3
AEAMR LA S RS S L R R AT e ML TR S IR

80 90

100

SDNN/ms

110

120

0 1 1

2.5 HRV 35 RVD X XRNFE-RNXFE
KRR ] P 57 5 A 2B 0 A HRV 2400
RVD KA R Z A - b R, 25 R s B4
SDNN .SDANN .RMSSD ,PNN50 . LF } HF ()% i 7t
=L, RVD MR A R 2 —Fh i 0 AR
Mk (K1) .
2.6 HRV S#EEEKMUXT RVD M2 {E
HRV S8 SAI Y AUC {84 0. 946 , 5 E
FVRESEBE 43 3 93.56% 94.57% , 5. — S 812
Wi AUC 8 b2 5 HA Geih 22 B L (P<0.05;
#5).

60 70

1 1

80

SDANN/ms

90 100 110 20 30 40

RMSSD/ms

50 60

L ! ! ol ! ! L ! !
100 110 120 130 140 150 50 60 70 80 90 100
PNN50/% LF/(ms?/Hz) HF/(ms?/Hz)
1. HRV 3#5 RVD R &= EREIET HTHEEZ S
Figure 1. Restricted cubic spline analysis of HRV parameters and RVD incidence
& 5. HRV SHRE AR RVD B2 #i i {E

Table 5. Diagnostic values of HRV parameters and combined detection for RVD
TACICES AUC 95% CI P I 5 {EL ZPRIRE BURE/ % R/ %
SDNN 0.839 0.715 ~0.892 0.013 92.37 ms 0.883 86.29 85.72
SDANN 0.827 0.736 ~0.925 0.017 80.45 ms 0. 865 87.31 86.38
RMSSD 0.852 0.793 ~0.916 <0.001 29.52 ms 0.871 85.62 86.41
PNN50 0. 865 0.804 ~0.928 <0.001 10.16% 0.862 88.16 87.53
LF 0.823 0.751 ~0.882 0.021 121. 83 ms’/Hz 0.894 84.93 85.65
HF 0. 846 0.765 ~0.894 <0.001 78.29 ms*/Hz 0.876 86.74 87.32
R A 0.949 0.863 ~0.976 <0.001 0.952 93.56 94.57

HEE AR AT,

3w #

RO A BE 22 Fh o, B I 2 AR I Iim R R
BRI R T E KRBk, HFpEF 5 AF Z [l f7

HFPEF 2 HF SUS0T 0 — R LA 401026 FEAF RS RO 627 1, HIFDER S8 T AF (0 S0 %75
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K 40% ~60% " X R AR L HLAY
Fos XU DR 2 g 35 A= BEAIL R T EL A% O ) T
B BCEMEE R Y HFpEF 5 AF & 9f % &
R, 63 BRSO JOE 67 B8 35 B, a3 A AN 2 S B0 R
SEAR B AL, 3 2 7 H R R SR A TS R A A R
T B, ST RN, S s W
R 78 T ST SLTAYT 7 6 AT Ry A

HRV 2 7 22 55 kO 48 22 8]0 H A 5 B4 fol O et
[ IR AR L X —FR b 2 TP A B4 R
I BEIRZS B OO 1 i (9 2 i 1 HRV
2R T A EMS R G P sc B & 5 ok k&
22 18] A Bh 25 S5 5 P, — LK ol P g T, T
RET | & O A RE T REZ AL, B Z AR Ry A0
W EEIEN . FE HRV (20 Hr 5 ik v, ksl 43
M AT BT 2 P o = 2 T B, e DA RS Sk A 11 AR
SN R AR R AT — RS E
HEHRV 280, 6045 SDNN (e & 3 ERp2eiside) |
SDANN ( Il 2 7 58 S 2835 14 )\ RMSSD ( PFAk 2k
FERZIEPE) (PNN5O (PFAh £ E ph &G M) (LF (1K
PR A SR 25 55 ok S e 2 B R A ) HF (35
PHAEMZTEME ) 1 LE/HF (4575 38 M 22 5 2k B #
ZINAEHRA) . HF &3F AF BE I 2 Mm
HRV FEARIG: , A% O BLH v H T 1 iz
IHRER) MW E Y 78 HF A5 BEGERE O E
FME ARG o — R IMRENE S, 33X 28 5 [ &
S e T R -1 A K B - R R S T
I SO B 20 5 ok B 448 o 15 ok o 220
PEARRI I 55, 52 B 4 1 o BE T IR A A5 &0
R E R DA B0 BV 46 7 38 ik 55 AE BB , AR
T, A PR S AR5 22, B AS ] 3k 47 b 3% 2% .0 ILAE
JE 5500 WL 4 Ak S B R AR | DA 18— 25 fin Jal . B
AT R 1 AR AR ZAREIIE], 0 5 A A Sk i
Uiseie s, T8O HE M 2 L, X — ARk ik — 2
BT A ER LD RE M R LIRS, B OB EE ER, B
KA1F HRV FRE2FEAK), 9T Won, 76 HF B
T HRV (8BRS 43 A7 2 2 B T R 34, i
PEARTE HF IRAETT, 28 7 b 28 5 58 Sl 285600 JUE 1)
PO RE RS Y L ARERE R B, A0 D e R A
4 SDNN .SDANN .RMSSD .PNN50 .LF % HF & T4
OIREIE R 4, HRV S8 54 LI RESEZ A LE
BERMIEA, H HRV 2505 RVD &4 REH
HEBENTAHECR, X—45REH, A EET)
REARAS YOS AE RVD (178 2% 1 i Hp 473 25 S S A
o, A e B B TG s, 2351 R AR I
FRSCAAR S, AR fof [0 I B 86 22 | 3 — A% Ak JG &6

A0 B SR D 5 T 2 T A2 0 PR A s
M2 SHEA L ES KRR Z 0, TIHIERE WA
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