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Abstract

Objective: The purpose of this study was to investigate the application of an ultra-sensitive pulse wave
sensor combined with three-dimensional hospital-community-family model in the management of
heart failure (HF) patients to improve clinical outcomes. Methods: This multicenter, prospective, ran-
domized, controlled trial included 172 patients with chronic heart failure (CHF) admitted to the Affil-
iated Hospital of Qingdao University and Shinan District Community Health Service Center between
January 1, 2020, and December 30, 2023, who met predefined inclusion and exclusion criteria. Partic-
ipants were randomized into two groups: a three-dimensional model observation group, and a sensor
combined with three-dimensional model observation group. Interventions were administered ac-
cording to the study protocol, with a mean follow-up period of 6 months. Outcomes assessed included
changes in NT-proBNP levels, left ventricular ejection fraction (LVEF), 6-minute walk test (6MWT) dis-
tance, Minnesota Living with Heart Failure Questionnaire (MLHFQ) scores, and rehospitalization
rates. Results: After the intervention and follow-up, both the observation group and the combined ob-
servation group showed significantly increased LVEF values and significantly reduced NT-proBNP lev-
els, with the most pronounced effects observed in the combined observation group (P < 0.05). Addi-
tionally, the 6MWT distance increased and the MLHFQ score decreased post-intervention, with the
combined observation group demonstrating the greatest improvement, and these differences were
statistically significant (P < 0.05). Although there was no statistically significant difference in rehospi-
talization rates between the two groups after the intervention (P > 0.05), both the combined observa-
tion group and the observation group exhibited a downward trend, with the largest reduction seen in
the combined observation group. Conclusion: The integration of an ultra-sensitive pulse wave sensor
with a three-dimensional hospital-community-family model in HF management improves prognosis,
reduces rehospitalization trends, enhances quality of life, and exhibits significant clinical potential for
optimizing patient care.
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JHiNG & L AP K
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24. GiitFER*E

K F SPSS25.0 AT Gi it 23 Hr . 1HE B kN8 Shapiro Wilk test P36 F W7 & 75 24 IE 25 40 i
PR 4L 8] B AR FH AR FIRS 56 Wilcoxon rank sum test; 4328748 & DA (%) FoR, AIELECR R RS . BAP
<0.05 NZERA G FE L.
3. R
3.1 BEZERENERLE

AHTHEVER SO LGNNI R 520 ) 5 0 B3 172 491, b =i Q022 4 86 1, (L JRas Ik & — 4 p
A 86 . =4t M ELH B 53 151(62%), % 33 41(38%); LKA LA =4t M 5 51
#11(59%), % 35 Fl(41%). MLHEZAEER . TR BMIL JRER. M3 HDL. eGFR. Cr. TG. TC.
HDL. LDL. AST. ALT. NT-proBNP. LVEF. 6MWT. MLHFQ 234k K B AL R 5 1H , 4R Eb i 4t
FZER(P > 0.05), W% 1.

Table 1. Comparison of baseline characteristics between the two patient groups
1. RMABEELERLR

e MEH BLAWEA  Overall, N=1721 W%, N=86' BKAMELA, N=86' P-value?

Gender 0.755

1 104 (60%) 53 (62%) 51 (59%)

2 68 (40%) 33 (38%) 35 (41%)
Age 0.092 0.001 64 (57, 69) 65 (57, 70) 64 (56, 68) 0.358
BMI 0.000 0.002 24.70 (23.70, 26.43)  24.75 (23.60, 26.63)  24.50 (23.83, 26.40) 0.957
Smoking 0.639

0 105 (61%) 54 (63%) 51 (59%)

1 67 (39%) 32 (37%) 35 (41%)
Drinking 0.647

0 89 (52%) 46 (53%) 43 (50%)

1 83 (48%) 40 (47%) 43 (50%)
Hypertension 0.647

0 91 (53%) 47 (55%) 44 (51%)

1 81 (47%) 39 (45%) 42 (49%)
Diabetes 0.876

0 103 (60%) 51 (59%) 52 (60%)
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1 69 (40%) 35 (41%) 34 (40%)
FBG 0.000  0.001 5.70 (5.38, 6.54) 5.68 (5.36, 6.17) 5.79 (5.40, 6.80) 0.317
NT-proBNP.base 0.000  0.000 788 (483, 1645) 735 (469, 1793) 916 (491, 1594) 0.636
LVEF.base 0020  0.033 0.36 (0.32, 0.40) 0.37 (0.31, 0.40) 0.36 (0.32, 0.40) 0.784
6MWTbase 0470  0.001 405 (380, 430) 406 (385, 425) 405 (376, 435) 0.863
MLHFQ.base  0.079  0.054 52.0 (49.0, 55.0) 52.0 (49.0, 54.0) 52.5 (49.3, 56.0) 0.202
WBC 0090  0.354 6.56 (5.66, 7.44) 6.55 (5.65, 7.45) 6.58 (5.69, 7.44) 0.678
NEU% 0001  0.735 66 (59, 68) 66 (59, 68) 66 (60, 69) 0.486
CRP 0000  0.000 3.12 (2.36, 3.77) 3.05 (2.50, 3.73) 3.14 (2.33, 4.16) 0.836
ALT 0000  0.000 23 (17, 32) 23 (16, 33) 24 (17, 32) 0.504
AST 0.001  0.000 25 (18, 32) 25 (18, 31) 24 (19, 32) 0.759
TG 0011  0.000 1.72 (1.56, 2.10) 1.76 (1.56, 2.07) 1.71 (155, 2.10) 0.841
TC 0.168  0.691 5.61 (5.16, 6.11) 5.66 (5.22, 5.99) 5.56 (4.88, 6.16) 0.460
LDH 0022  0.004 3.04 (2.56, 3.37) 3.02 (2.60, 3.55) 3.07 (2.56, 3.32) 0.626
HDL 0.000  0.000 1.02 (0.90, 1.21) 1.02 (0.91, 1.23) 1.01 (0.89, 1.21) 0.541
UA 0315  0.240 365 (307, 423) 350 (295, 439) 367 (325, 411) 0.782
CR 0005 0501 73 (65, 84) 70 (61, 84) 75 (68, 85) 0.109
K 0001  0.146 3.99 (3.78, 4.31) 3.97 (3.76, 4.34) 3.99 (3.85, 4.27) 0.627

n (%); Median (IQR)

2Pearson’s Chi-squared test; Wilcoxon rank sum test

3.2. NT-proBNP, LVEF {ERJLLE

PIYLEE T HIAT NT-proBNP. LVEF {EALRILLETES 25 (P > 0.05). T W5 A4LIRI LA NT-
proBNP 7K-FH 4t it 2% 57 (P < 0.05), A MERALT R T M4 . WALiE LbE LVEF H/K A Git 5 %
(P <0.05), BEEMEAIT RN T MEH(P <0.05). W# 2. £3, K1, K2,

Table 2. Comparison of NT-proBNP value by the two patient groups
2. FLAEE NT-proBNP {EELE

e MEH BEWELA  Overal, N=1720 W4, N=86' BLAMIEA, N=86' P-value?
NT-proBNP.1m 0.000 0.000 385 (255, 634) 376 (266, 649) 410 (237, 627) 0.686
NT-proBNP.3m  0.000 0.000 249 (157, 325) 262 (178, 349) 209 (144, 311) 0.005
NT-proBNP.6m  0.000 0.000 149 (134, 178) 155 (141, 238) 142 (121, 170) <0.001

n (%); Median (IQR)

2Pearson’s Chi-squared test; Wilcoxon rank sum test
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Figure 1. 6-month NT-proBNP value comparison between the two patient groups
1. #4AE%E 6 B NT-proBNP {ELELE

Table 3. Comparison of LVEF value between the two patient groups

2 3. MHEE LVEF EEE

A MM BEAEMEEH Overall, N=1720  MHH, N=86' BKAWE, N=86" P-value?
LVEF.1m 0.138 0.006 0.39 (0.36,0.42)  0.38(0.34,0.41) 0.40 (0.36, 0.43) 0.002
LVEF.3m 0.293 0.002 0.42 (0.39,0.45)  0.40 (0.37, 0.44) 0.42 (0.39, 0.45) 0.026
LVEF.6m 0.072 0.055 0.45 (0.41, 0.47) 0.43 (0.40, 0.47) 0.45 (0.42, 0.48) 0.030
n (%); Median (IQR)
2Pearson’s Chi-squared test; Wilcoxon rank sum test
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Figure 2. 6-month LVEF value comparison between the two patient groups
2. MEBE 6 A LVEF {EELA

3.3. 6MWT, MLHFQ BIZE{L

T-TET, 6MWT BRB AR b Z R LSt it = X (P > 0.05); TG, BCAMEA . WEHA
X e G it 2 2 7 (P < 0.05). ¥ W% 4. & 3. MLHFQ /078 T T ai /5 41 18] Eb # 22 R L 48 i 2 75
X(P>0.05); THifa, BEAMEH ., MEHHMXWEH ST 2R(P<0.05). WE4, %5, K3,

Kl 4.

Table 4. Comparison of the 6MWT between the two patient groups
= 4. FRLAEEE 6MWT RIELE:

e WMEEH BAWEH  Overall, N =172t WMEEH, N=86" HLAEMEAH, N=86' P-value?

6MWT.1m  0.015
6MWT.3m  0.309
6MWT.6m  0.004

0.002 435 (404, 455) 435 (396, 450) 437 (408, 459) 0.163
0.000 465 (434, 487) 456 (425, 480) 475 (435, 488) 0.025
0.000 490 (465, 521) 487 (463, 505) 495 (474, 525) 0.023

n (%); Median (IQR)

2Pearson’s Chi-squared test; Wilcoxon rank sum test
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Figure 3. 6-month 6MWT comparison between the two patient groups
E 3. FEESE 6 A 6MWT Bt

Table 5. MLHFQ score comparison by the two patient groups

F 5. MARELEEREITS(MLHFQ)ILLEL

A MEEH BREMEA  Overall, N =172¢ MU, N=86' HEGAMEL, N=86" P-value?
MLHFQ.1m  0.005 0.050 40.0 (38.0, 42.0) 39.0 (38.0, 42.0) 40.0 (38.0, 42.0) 0.977
MLHFQ.3m  0.000 0.318 30.0 (27.0, 33.0) 32.0 (29.0, 36.0) 28.0 (26.0, 30.0) <0.001
MLHFQ.6m  0.051 0.025 21.0 (17.0, 25.0) 25.0 (24.0, 26.0) 17.0 (15.0, 19.0) <0.001

n (%); Median (IQR)
2Pearson’s Chi-squared test; Wilcoxon rank sum test
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Figure 4. Six-month MLHFQ scores by the two patient groups
4. FEREE 6 MH MLHFQ FILLER

3.4. BERENTHL

TG, FERRZER LG EE (P >0.05), HAFE NEES, TRIERE. BREWEA > WHd,

W6, 5,

Table 6. Re-hospitalization rate comparison by the two patient groups
< 6. MABEBEREMLER

ik

W BEAMELAH  Overall, N=1720 W%22H, N =86 BtA WS4, N=86! P-value?

Re-hospitalization Rate.1m 21 (12%) 11 (13%) 10 (12%)
Re-hospitalization Rate.3m 14 (8.1%) 8 (9.3%) 6 (7.0%)
Re-hospitalization Rate.6m 6 (3.5%) 4 (4.7%) 2 (2.3%)

n (%); Median (IQR)

2Pearson’s Chi-squared test; Wilcoxon rank sum test

0.816
0.577
0.406
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Figure 5. Comparison of rehospitalization rate bar plots between the two patient groups
5. FABEBEREMHKERELR

4. 1ig
41. FERM

o R AU A AR B =AU B O B B P N, S B AR AR (BRI L A
SR PRI )3 A5 M I 5 s A B B 1B IR T, B NT-proBNP 7K1, #27F LVEF {8, F#I%
FHERER, BeEBEIG: HnEE eMWT, 5 7 EERSaINE, 50f 7 aErEmEiE.

4.2. MXAREGRBEE AR

421 FHEBREREEAERELOCREEYHNEA

B Z WA iR, CHF 1R8O LB B 1 2 AR AT B CL 48 B B B2 1Y) A 3 T AR ) /17
BEART R AP A Tt s, EhE BT MES A O S R TREADER, ER
ZIAEZER R BERMEZESR A, NRRH F E RS B O S X A . ek, &
Bt — FEIX — SRBE = o A5 X 0 A T SR W 2 BN A B A AL . iR 2 S UM, 78 4RI R B
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