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Abstract: Background Heart rate variability (HRV), an indicator of autonomic nervous system activity, is widely recognized
for assessing heart failure prognosis. N-terminal pro-B-type natriuretic peptide (NT-proBNP) plays a crucial role in the diagnosis,
risk stratification, and prognosis evaluation of heart failure, but its measurement relies on invasive procedures and lacks dynamic
monitoring capabilities. Objective To explore the correlation between wearable HRV parameters and NT-proBNP levels and
validate their feasibility as a non-invasive risk stratification tool. Methods The 24-hour wearable device physiological data and
clinical indicators were collected from acute heart failure patients admitted to the Department of Cardiology, West China Hospital,
Sichuan University, from January 2021 to December 2022. Post preprocessing, HRV parameters were extracted, and a threshold of 3
500 pmol/L was established for NT-proBNP levels. Spearman correlation was used to analyze the association between HRV and NT
proBNP, and the efficacy of five machine learning models including Logistic Regression, K-Nearest Neighbor (KNN), Support
Vector Machine (SVM), Random Forest and XGBoost to predict poor prognosis (NT proBNP > 3 500 pmol/L) was evaluated, and
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the characteristic contribution was quantified by the snap value. Results A total of 51 heart failure patients were included, with 87
electrocardiographic datasets collected. Among the HRV parameters, SDNN, SD2, VLF, and 7 other indexes showed significant
negative correlations with NT-proBNP levels (r: -0.390 to -0.371, P<0.001). Patients with NT-proBNP>=3 500 pmol/L had
significantly lower HRV parameters, including SDNN (M[/QR]: 51.10 [38.50 - 67.20] ms vs 77.95 [54.45 - 95.50] ms, P<0.001),
SD2 (M[IOR]: 68.30 [52.90 - 93.90] ms vs 108.00 [76.20 - 132.47] ms, P=0.003), VLF (M[IQR]: 18.82 [5.84 - 59.61] mHz vs 59.36
[33.70 - 116.90] mHz, P=0.002), ULF (M[I/QR]: 6.30 [1.99 - 18.02] mHz vs 18.60 [10.05 - 34.09] mHz, P=0.001). Among the
machine learning models, Logistic Regression demonstrated the best classification performance (AUC=0.830, 95% CI: 0.760 -
0.890). SHAP analysis revealed that SD2 and LF/HF contributed the most to the model's classification. Conclusion Wearable HRV
parameters are significantly correlated with NT-proBNP levels and can effectively differentiate high and low NT-proBNP groups
using machine learning models, offering a new strategy for non-invasive dynamic monitoring and acute decompensation risk

prediction in heart failure patients.
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Tab.1 Baseline characteristics of the patients

fEbR Hfl

RSP % + 5) 57.0+16.5
PERICH 2/, %) 32(63)/19(37)
BMI/(kg/m?,% + s) 23.2+4.4
45 K /(mmHg, % + ) 118.4+20.1
FFk R/ (mmHg, % + 5) 76.6£12.0
eI/, T + 5) 9.1+2.8
AR/, %) 19(37)
AR/, %) 14(27)
BEIRI/(], %) 15(29)
LR/, %) 25(49)
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AN R KR B 1.3 £% (OR=1.30, 95% CI .
1.10 ~ 1.52), F-af — 20 M3 48 5 FH 09 i DR 46K 8 A
(3 500 pmol/L)¥ i 4 73 24 NT-proBNP i . K/KF-
H, TEAVFRAEA DRI RCE A 5685 5143
B 5 BT IV IR R 43T, 45 R FE W, NT-proBNP=
3 500 pmol/L A AN R = fF & A %00 44.44%(8/18),
i % B T NT-proBNP<3 500 pmol/L £ ) 12.00%
(3/25)(HAEAG B P=0.040), #2715 NT-proBNP 7K -
T 52 R AR YA G, BT OB E
TG PG AR, LB | R R L MR RS
A[350.727. 0.688. 0.698. VLF2,

2.3 HRV S#5 NT-proBNP B 1%

i 2F Spearman #H 3¢ 7 MR 1 HRV 2405 NT-
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Tab.2 Relationship between NT-proBNP levels and

adverse outcomes in heart failure patients

NT-proBNP 7K -4 41

T H
=3 500 pmol/L <3500 pmol/L

NS LS |

HEARM@=11) 8 3

TG KA (n=32) 10 22

At 18 25
TRl RS L

AUC 0.708

THURE (n/N) 0.727(8/11)

5 (/N) 0.688(22/32)

HER EE(/N) 0.698(30/43)

YPEAREL 0.415

FHPE B0 (n/N)) 0.444(8/18)

BA P FUIIE (0/N) 0.880(22/25)

— M 2% (Kappa) 0.343(—E )
et

NS  (oE, P1E) 4.208,0.040

%3 HRVS# 5 NT-proBNP B8 L M54 R

Tab.3 Correlation coefficients between HRV parameters

and NT-proBNP
FHIE HRZEL P1H
SDNN -0.371 <0.001
SDNN Index -0.254 0.018
SDANN -0.217 0.043
RMSSD -0.042 0.697
pNNS50 0.077 0.478
HR_avg 0.045 0.680
HR_min 0.176 0.104
HR_max -0.069 0.528
HRVTI -0.236 0.028
SD1 -0.042 0.700
SD2 -0.390 <0.001
SD1/SD2 0.228 0.034
Sample Entropy 0.089 0.410
Short Waves -0.332 0.002
Long Waves 0.011 0.922
ULF -0.304 0.004
VLF -0.298 0.005
LF -0.212 0.049
HF -0.036 0.743
Total Power -0.174 0.108
LF/HF -0.365 0.001

SD1 : Poincaré i & [€] 45 4l ; SD2 : Poincaré H i K4l ; HR avg: F-3
L3R HR min: /M0 HR max: e D3R

FYIRWE, AN TRE . M — P H
. 331 Lasso [AI A8 05 1 HH HRV 2804 9 1~ 4F
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Tab. 4 Differences in HRV among heart failure patients
with different NT-proBNP levels (M[/OR])

e NT-proBNP< NT-proBNP>
HHE 3 500 pmol/L (n=38) 3 500 pmol/L (n=49) P

SDNN/ms 77.95(54.45~95.50)
SDNN Index/ms 28.15(23.90~39.30)

51.10(38.50~67.20) <0.001
19.70(15.30~32.60) 0.007

SDANN/ms 17.75(12.12~27.25) 12.10(8.00~20.90) 0.005
SD2/ms 108.00(76.20~132.47)  68.30(52.90~93.90) 0.003
Short Waves 0.61(0.48~0.83) 0.47(0.41~0.59) 0.002
ULF/ms? 18.60(10.05~34.09) 6.30(1.99~18.02) 0.001
VLF/ms? 59.36(33.70~116.90)  18.82(5.84~59.61) 0.002
LF/ms? 110.15(50.17~343.19)  50.86(11.97~212.74) ~ 0.010

Total Power 240.72(129.22~670.70) 102.65(36.52~507.54)  0.023

LF/HF 2.05(1.43~3.83) 1.19(0.83~1.60) <0.001

SD2: Poincaré # 5 &K Al

fif Z % (SDNN Index, HR avg, HR min, SD2,
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ek
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Fig. 1 ROC curves for different machine learning models in

distinguishing heart failure with NT-proBNP levels
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#5 AEEEX 4 NT-proBNP 7k Ay EE
Tab.5 Performance metrics of machine learning models

for distinguishing NT-proBNP levels in heart failure

A WERRR RERRR HIR ReRE F1MEK
Logistic Regression ~ 0.790  0.811  0.840 0.730 0.817
KNN 0.767  0.758  0.880 0.622 0.810
SVM 0.790  0.796 0.860 0.703 0.822
Random Forest 0.721  0.780  0.738 0.730 0.745
XGBoost 0.734  0.800 0.756 0.703 0.766

F1 53 BORE R AR B3R AT A A 8%
3 itig

BN SR Z 33 T VNI a5
% HRV 280 5 NT-proBNP /K - () i 2 e, If:
IR T AR O T R KU 402 o B v e 1y P (L

NT-proBNP {1y llfii R |32 i FH 1) 1k 2 XA
bR, HACE s 58 R U5 S0 Can i A
B . FET0) W35 L (OR=1.30, P=0.004), H#&Hkr
fH (3 500 pmol/L) BE % A &% X 73 & KU & ff &
(44.44% vs 12.00%, P=0.040), X— & 540
FE—3, IR NT-proBNP 7E I R 52 e v 14 5
PE . BRI, NT-proBNP A6 I 4K i 4= A 2R 1L S 55
B E AT, BRI T ILAEBE S S AR W b R

ARAFFEAHT S | AT SR A, KR
O AR S BUHRV 240, & ¥ SDNN, SD2.
VLF %5 % 8 5 NT-proBNP /K ¥ & & & 1 41 %
(r: -0.390~-0.371, P<0.001), XEZHAYFEALIT
T ERE A BT AR % L——SDNN
1 SD2 43R e #e R A i A0 R gy, HRBE
P 2 B 28 1 M O 0 P A o Y R A
VLF YR 5 @A IR % AHC, 1l 5832 M 45 7k 1 )
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