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Abstract

Objective: To identify independent clinical predictors of left ventricular ejection fraction (LVEF) re-
covery in patients with heart failure with mildly reduced ejection fraction (HFmrEF) and to construct
a nomogram prediction model. Methods: A retrospective analysis was conducted on 158 HFmrEF
patients admitted to the Department of Cardiology, The Affiliated Hospital of Qingdao University
from January 2020 to December 2024. LVEF recovery was defined as a follow-up LVEF = 50% with
an absolute increase of 25% from baseline. Least Absolute Shrinkage and Selection Operator (LASSO)
regression and multivariable logistic regression were used to screen independent predictive varia-
bles, and a nomogram prediction model was constructed based on the selected variables. The per-
formance of the model was evaluated using the Receiver Operating Characteristic (ROC) curve, cal-
ibration curve, and Decision Curve Analysis (DCA). Results: A total of 158 patients were included,
of whom 66 (41.8%) achieved LVEF recovery during the follow-up period. Multivariable logistic
regression analysis showed that New York Heart Association (NYHA) functional class (OR = 0.219,
95% CI: 0.090~0.532, p < 0.001), baseline systolic blood pressure (OR =1.028,95% CI: 1.010~1.047,
p = 0.003), left ventricular end-diastolic diameter (LVEDD) (OR = 0.499, 95% CI: 0.258~0.966, p =
0.039), and regional wall motion abnormality (RWMA) (OR =0.310,95% CI: 0.140~0.684, p = 0.004)
were independent predictors of LVEF recovery. The nomogram model constructed based on these
variables demonstrated good discrimination, with an Area Under the Curve (AUC) of 0.813. The cal-
ibration curve showed high consistency between the predicted probability and the actual observed
probability. Conclusion: NYHA classification, systolic blood pressure, LVEDD, and RWMA are inde-
pendent predictive factors affecting LVEF recovery in HFmrEF patients. The nomogram model con-
structed in this study possesses good discrimination and calibration, which aids clinicians in the
early identification of patients with recovery potential and guides individualized treatment.
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1. 5]

SR 1 B P R AR ) O 1 T B (HFmIrEF) 2 48 72 O E 5 L0 BULVER) AT 41% % 49%2 [a] .0 115
VR, 25 BT O3 B 10%~20% [1] [2]. ISR IGPEIE R IE SRR, HFmrEF JR3E— /ML
32, T —AN B R R ARSI R B o SR T ARt AL, 1T — i R A
GIZ5YIaYT Ja, LVEF W] i & IE# JaHE (>50%), ENseil LVEF Y% E[3]. S8l LVEF E M HEE, H
FHERE R AT ) B EFRC, AETEHEM T RIKEH[4]. Fik, FEMER RN H AR LVEF k&
I, KT MR R I 77 5 S BB SRS A G E
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FIRT, PR sk Z 516 HEmreF A LVEF TR BORS A PRI TR . BEAE 40 1m0
G B AR O S SR (HFEF) AR, H 28T R A SV & S M s S AR A, 1
IR SE B & FEA R[] FE b, OAETIREMIRE & — A2 2 WE IR R AR, AURRT
BB I B 1 IRAS, IR T0E B B AR A5 22 [6] [7]. Biltn, R AL s R R B
S BEE ) 57 5 (RWMA) LA S 57 KR A 42 (LVEDD) S8R bk, 3988 B LIZE M RFAE[8] . 28T, H
HI T R 2 33X 8 M PR AR b 5 SR A SR AT R S 0 R (PP > R St

AHIEFE 5 AR B A HEmrEF B8 iR 50k, M LASSO 1A & Z & Logistic B¢
A, FiE RN LVEF WOR ARSLIR PR BN R 3R, JF i — S AT ML 51126 B (Nomogram) TR . %
AR Al PRI 2B SR — g (5 20 LK ARG 70 J2= T8, BLROBAT IR0 A5 A AT 4 HFmrEF
B 2 S BN IR T

2. Fik
21 WEAH

BB 2020 4 1 H & 2024 4F 12 H HAIRIZE T 5 K2 M & 2= B O U W RHMERE IR TT 1) 158 4
HFmMrEF 8% . GIAPriE: (1) FELLME S O3B EIR LVEF 1£ 41%~49% 2 [F); (2) Hibi)E 6 & 24 4~
HAWARVIE A OB (3) i =18 & HRERARdE: (1) BEARA O I 05 B 0 AR Bl O JIEF 4 58
(2) GIFFEARLURTESR (WG E R . 7 BB E): (3) SO M FA (At 0L . E3)
WKFJZ S VLR ZE): (4) RUETEC R (e FEATE) B H S e VESE : (B) FEZIm PR BRE™ H k2R
Ho BRETF RRKEMBERACEZ Ao, TG REMGEFACEZERNREFEES.

2.2. ZIRINE

TR I (] T KA MR R B TR D R G SR R R IR TR, AR (1) AN VEERRRME: AR
PR AREFREEBMI). Wik FFKE. R AL ORI (NYHA) LITRE R . (2) BEFER L
AFEF M OB . LS. BRI O EEh S, (3) LM IR N K B BUFAMAL
JE(NT-proBNP). MLZLE A ZARILKE. B ThRERbR (N AR AL H R . RITL AR A S N
BF PR Z) e b MR B bk L4 B L (NLR) &5 o (4) Z9903R77 : e B is 2555 00, B3 I 9k 32 4k
0 v R B A 7RI (ARND) B S2ARBE A R Eh BT R AR PURI(MRA) . B4 - Ml &bt Rk ie s a2
(SGLT2)0 il 71 K 1| bR 71 A F AR O o

23. BELHEREREREN

T B AT E AR QAR T, R ARN S P A RHEIT e, BRI B3 iR R
AR . FEICERS AR LVEF CEH Simpson BCFHE). 2 S 47 ik KM W45 (LVEDD). £ 5 1%
(LAD). Z 8]k 5L EE(IVS) Rt s kWS 4 & (PASP) o 15 Bt 25 BEIZ 7)) 5 5 (RWMA) PP Al 26 T /0 = 16 15 B
B, FAT— B BLEIIRAC. 1BEH KRBT JEIE3), WE CHFAE RWMA; & FTh 15 Bag 3 Ik,
ME LT RWMA . A FL i £ B2 50y LVEF Y2 . 55T H R Mo HFmrEF A#¥ LVEF kB 14t
—FrifE, 2R B I g A AR e, AN TR e SO BEVTE A G B E R LVEF > 50%
(B 2 IEHVa ), HERELL LVEF 4o EI8IN > 5% [9] [10]. MRIFEEER FdkbaE, HEESN
CREM RN CRIKEYL

24. GtEAE
KH R 452 AT G 2200 FFEIESDARESD EUSE + pEE(X+s)Fow, ALk
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SR AL REAR B0 R TF A5 400 B 4725 6 DA e (4 (D0 43 B I BE) [ M (Pyg, P ) 1985, 4L1AD EL SR
Mann-Whitney U #:56. 728485 U F 23 EL) [n ()] 47, IR ELEER T 2* A9 ml Fisher KA I o
T R AR I PR () 22 B L ) R, S SR FH /N A8 0 WAL A ANk B A (LASSO) [ U A5k i ade 7
TERTRIAS . 0 A BN 2 I Logistic [0, 35711 /5 14038 45 [ 31 1 o 45 2
LA R, R E HEMIER B LVEF K H0Msr TN 3, 4775 LLAE HL(OR) & 95% {3 X [F)(Cl).
SET By £ UM M 451 42 Pl (Nomogram) . BURMEREFE (535, (1) X4 @it k% TIEHE(ROC) %
JIHIZE T A (AUC) AT IFAY s (2) ReAEFE: @Rk HiZk(Calibration Curve) & Brier 73047 WA s

(3) WGPPSR e 1 42 BT (DCA) WP A B AE R R ME TR 325 . UL p < 0.05 9% R A7 %5
R

3. &R

3.1. BEELSIFELR

AHFFEILGIN 158 6] HFmrEF B3, FALER RN 67.0 £ (EREVIIANR, 3L 66 1(41.8%) &3 5L
T LVEF IRE (K 4L), 92 1(58.2%) HEH RIKE (RIKEZ ). WIALEE FEELRHE LR WL 1. 5ARKE
YUARLE, KA BRI K 2 T RI[ M (Pyg, Prg ) £ 135.5 (120.2, 155.8) mmHg vs. 122.5 (111.0,
144.0) mmHg, p =0.006], H.## 20 RP(p=0.043). LIRS T, WAL H NYHANI~IV 21 E
i SR LA S 35 A T AR RS2 ZH[39 441(59.1%) vs. 77 151(83.7%), p =0.001]. 7EEEA LIESH T, KE
LI Bt = BRI B S (RWMA) A H 28 8 25T AR Pk S 40121 191(31.8%) vs. 50 £5(54.3%), p = 0.008].
PILIE] LVEF 24318 2 RG24 L (p = 0.597) . TEZ9MIA T 7T, ARFRBANFIREZ T & Ve 45 8
BFMZWaYT, I K 252 Aok vl R T 1) U (ARNI) R R FH R ik 72.8%,  FL7E P 411 43 A 24
#i(p = 0.358). B ZAKFHMA. MRA K SGLT2 |71 (¥ FH 2 AE PR IR T G i 2 2 5o

Table 1. Comparison of baseline characteristics

1 BZAFEER

B3 S A(n = 158) RWKE2H (n = 92) WEHMN=66) pfH
R (X) 67.0 (56.0, 75.8) 68.0 (58.8, 76.2) 66.5 (50.8, 74.8)  0.224
FE[N (%)] 109 (69.0%) 62 (67.4%) 47 (71.2%) 0.736
BMI (kg/m2) 24.8 (22.1,21.7) 24.2 (21.9, 26.4) 26.1(23.2,29.3) 0.011
Y54 I (mmHg) 126.0 (114.2,148.0) 122.5(111.0,144.0) 1355 (120.2, 155.8) 0.006
&F5K I (mmHg) 74.5 (68.0, 85.0) 72.0 (64.0, 82.0) 76.5(68.2,89.8)  0.058
DE(IRIGT) 77.0 (65.2, 89.0) 75.5 (63.0, 88.2) 81.0 (70.5,89.8)  0.043
M S0 s 46 (29.1%) 27 (29.3%) 19 (28.8%) 1.000
TR 5 30 (19.0%) 17 (18.5%) 13 (19.7%) 1.000
NYHA IR N~V 2% 116 (73.4%) 77 (83.7%) 39 (59.1%) 0.001
BE VI (H) 10.5 (8.0, 13.0) 11.0 (8.0, 13.0) 10.0 (8.0,13.0)  0.710
e
S L A o 9 103 (65.2%) 64 (69.6%) 39 (59.1%) 0.233
oL 95 (60.1%) 50 (54.3%) 45 (68.2%) 0.113
S 52 (32.9%) 35 (38.0%) 17 (25.8%) 0.147
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A BE) 65 (41.1%) 37 (40.2%) 28 (42.4%) 0.909
O B E R R
7r. Z 5 .53 B (LVEF, %) 45.0 (43.0, 48.0) 45.0 (43.0, 47.0) 45.0 (43.0,48.0)  0.597
FeE &Ik A WA & (LVEDD, cm) 5.4+0.6 5.5+0.6 5.3+0.6 0.082
J2 7 42 (LAD, cm) 4.5 (4.1,5.0) 4.5 (4.1,4.9) 4.5 (4.1,5.0) 0.983
ZE AR EE VS, cm) 1.1(1.0,1.3) 1.1(1.0,1.3) 1.2(1.0,1.3) 0.218
JiTi B0 ik WA 46 1 (PASP, mmHg) 33.0 (26.2, 42.8) 33.5(27.0, 46.0) 32.5(26.0,40.5)  0.300
B E BRI B R (RWMA) 71 (44.9%) 50 (54.3%) 21 (31.8%) 0.008
IR A 39 (24.7%) 22 (23.9%) 17 (25.8%) 0.938
=R A 23 (14.6%) 16 (17.4%) 7 (10.6%) 0.335
UG A A
1565.0 1396.0

N S B IRk 5 (NT-proBNP, pg/mL) 1588.5 (841.3, 3487.5) 0.391

(783.0, 3207.7) (722.7, 3138.4)

IM2T 2 F(g/L) 131.9 245 127.7+23.1 137.6 £ 25.3 0.014

40 T4 (x 109/L) 6.7 (5.3, 8.4) 6.7 (5.2, 8.5) 6.8 (5.7,8.2) 0.497

IR T4 (x10%/L) 1945 (151.0, 238.8)  196.0 (155.0, 229.0) 194.0 (150.0, 253.0) 0.813

FR R 4T 7K ES 4 LB (NLR) 2.5(1.8,3.9) 2.7(2.0,4.3) 2.4 (1.6, 3.6) 0.200

I 4%(mmol/L) 141.1+31 1409 +£3.1 1413+3.1 0.388

IfiL4F (mmol/L) 41+06 4105 4206 0.225

FES B /N ERUERL % (eGFR, mL/min/1.73m?)  69.7 (48.8, 93.3) 64.7 (47.7, 89.8) 75.6 (53.5,96.2)  0.206

JULEF (umol/L) 945(73.0,126.0)  103.2(73.7,123.8)  87.3(722,126.0) 0.361

JRZ (mmol/L) 7.4(5.6,10.4) 7.4 (5.5,10.4) 7.3(5.7,105)  0.615

PRI (umol/L) 403.5(312.7,488.0) 411.0 (312.4,489.0) 402.5(313.0, 486.4) 0.552

H&EH(g/L) 382+£5.2 378+48 38.6+5.7 0.361

KEZTZ (umol/L) 15.4 (11.2, 22.3) 15.1 (11.2, 21.8) 16.9 (11.1,22.5)  0.912

WRREILFHFB(ALT, U/L) 19.0 (13.0, 32.0) 17.0 (12.0, 27.5) 22.6 (15.2,41.0)  0.012

RINEA A RBEEHBEE(AST, UIL) 20.0 (15.1, 28.0) 19.0 (15.0, 25.0) 23.5(18.0,30.4) 0.021

2% I 1A (mmol/L) 5.3 (4.6, 6.4) 5.3 (4.7, 6.8) 5.2 (4.5, 6.0) 0.210

S IEE B (mmol/L) 3.9(3.3,4.7) 3.7(3.3,4.7) 41(3.3,4.7) 0.313

“H-ith = F(mmol/L) 1.1(0.8,1.4) 1.0 (0.8, 1.3) 1.1(0.8,1.5) 0.397

15 % JE 1 2 (1 I [E BE(HDL-C, mmol/L) 1.2 (0.9, 1.3) 1.2 (0.8, 1.3) 1.1(0.9,1.3) 0.814

%% F N8 25 14 JH [ B (LD L-C, mmol/L) 2.1(1.8,2.8) 2.0(1.6,2.8) 2.2(1.8,2.8) 0.313
ESL/bcEig

YD PE B i 45D $H (ARNI) 115 (72.8%) 70 (76.1%) 45 (68.2%) 0.358

ACEI/ARB 5 (3.2%) 0 (0.0%) 5 (7.6%) 0.012

B SR BH 7 119 (75.3%) 65 (70.7%) 54 (81.8%) 0.156

R LA BUAI(MRA) 122 (77.2%) 71 (77.2%) 51 (77.3%) 1.000

SGLT2 il 73 (46.2%) 45 (48.9%) 28 (42.4%) 0.519

FIIRF 115 (72.8%) 71 (77.2%) 44 (66.7%) 0.200

DOI: 10.12677/acm.2026.162620 2208 Il R 125 23k i


https://doi.org/10.12677/acm.2026.162620

RS F

3.2. HMEERFESREME

NG S, B SER A LASSO B EX WL 46 AN ARAZ S AT B4 AR FE . Jlid 10 738 ERIIF
T il A {7 0.03858, ikt 15 MELEMAET RECLF . K FRB BRI L FIE Logistic [211H53 17,
FRH G RIZD AT . g REIR(LEE 2), NYHA 734, i4ilt. LVEDD & RWMA 2
S LVEF WS S R 2R . BART 5, B r 260 4E K (OR = 1.028, 95% Cl: 1.010~1.047, p =
0.003)/2 LVEF R E KM AR R &, TEZER NYHA 232 (11~1V 28) (OR = 0.219, 95% CI: 0.090~0.532,
p<0.001). # kM LVEDD (OR = 0.499, 95% ClI: 0.258~0.966, p = 0.039) LA J #77E RWMA (OR = 0.310, 95%
Cl: 0.140~0.684, p = 0.004) M| /ZBHHG LVEF Yk F ST BRI ZR . BhAlh, 7 3R RS 1 A SO RG B2
IRARBARE R 7S IR . PR S NLR NI &, 2T FR 7 AN, Mg 1 il HFmrEF 3%
LVEF PRS2 1 51 42 R AY (1] 1)

Table 2. Multivariable Logistic regression analysis predicting LVEF recovery

F< 2. TN LVEF R E 82 E % Logistic BYA54hr

A5 OR 14 95% ClI p1H
NYHA O IEET 2R I~V 2% 0.219 0.090~0.532 <0.001
W4 i (mmHg) 1.028 1.010~1.047 0.003
B EREIZ B T (RWMA) 0.310 0.140~0.684 0.004
23 1§ ILFE (mmol/L) 0.711 0.528~0.958 0.025
e FEF IR A B P A2 (mm) 0.499 0.258~0.966 0.039
P AT 20 /K 2 40 i LGB (NLR) 0.862 0.740~1.005 0.058
PR 2 (mmol/L) 1.072 0.991~1.160 0.081
0 10 20 30 40 50 60 70 80 90 100
I=VAN L | | | | | | ! | | )
<+ 0
0
NYHA -1V )
1
80 90 110 130 150 170 190
LVEDD —
7 65 6 556 5 45 4
0
RWMA —_—
1
0 5 10 15 20 25 30 35 40
2o I 4 -_—-—-——
18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3
N LR T T T T T T T 1
35 30 25 20 15 10 5 0
1%\6]\ r T T T T T T T 1
0 50 100 150 200 250 300 350 400
HFmrEFEE LVEFIRSMEZ — T —

0.1 030507 09

Figure 1. Nomogram for predicting LVEF recovery in HFmrEF patients
1. F HFmreEF & LVEF tRERIFIZE
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3.3. =R,

Xof P [ B 28 PR AR SR AT 2 B8 WA, ROC MR MM R, 1A BUAE U LVEF YK 07 TR R L H 1 75
MK o0, 28 NIHFU(AUC) A 0.813 (1 2). fevkih 2R R, A0 A = 5 s bl il Ak 26 2 7] B A
RAFHIEIE—EE, Brier 2340 0.176 (14 3). HRIEHIZE T (DCA)RI, 7E 10%Z 75%1 R {E A% 2R 35

W, FERZSIZ IR B IRR R LE “ A T30 B0 “ATT07 HK RIS 3 iR ai (] 4)

1.0

o o o
EN o @
| | )

True Positive Rate (Sensitivity)

o
)
)

Vid — AUC=0813
0.0

0.0 02 0.4 06 08
False Positive Rate (1 - Specificity)

Figure 2. ROC curve of the nomogram model
B 2. #8H ROC fhk

1.0 4
Brier Score =0.176

0.8 A
2
= 0.6
®©
Q
[
o
E
- 04 4
[$]
<

0.2 1

Pid — == Perfect Calibration
e —@— Nomogram
0047
0.0 0.2 0.4 0.6 0.8

Predicted Probability

Figure 3. Calibration curve
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0.51 = Nomogram

=== TreatAll
—— Treat None

Net Benefit

0.0 0.1 0.2 03 0.4 05 06 0.7 0.8
Threshold Probability

Figure 4. Decision curve analysis
B 4. RRERZE DT

3.4. WSS XEER

N1 VPR R AR, AR SRR B R B A3 D A O JULRE 205 R Rt O LR 2L
HHEAT T WAH BT (W 3). X HAEHRI S REIR, FRIBMEEREIZ ) 58 (RWMA) L, HAR TN A &
(28 AR p AE4>0.05, R B NYHA 73 2% SC4F & 45 i b 1R TIOANF2EAS 50995 SN o DR — B RWMA
5 L 9 PRI A7 A S 355 (958 TLAE FH (p for interaction = 0.019): 78 Bk i 2k 0 LG .20 71, RWMA f& B A5 LVEF
PR ST I R 2R (p = 0.001), T 7E S i 020 ok Won G i 2 3 k.

Table 3. Subgroup analysis and interaction test stratified by etiology
3. ETmEANLEN TS RZE/ERER

Bl etk 441 (n = 55) OR (95% CI) Bk 4H (n = 103) OR (95% Cl) ZHAEH pfE
NYHA I1I-IV 0.208 (0.057~0.766) 0.332 (0.133~0.829) 0.566
AR 1.010 (0.987~1.032) 1.029 (1.010~1.049) 0.192
LVEDD 0.402 (0.159~1.014) 0.795 (0.402~1.571) 0.244
RWMA 1.714 (0.425~6.911) 0.245 (0.105~0.569) 0.019
JRE 0.999 (0.905~1.102) 1.048 (0.976~1.124) 0.441
% i A 0.955 (0.629~1.449) 0.781 (0.590~1.033) 0.432
NLR 0.929 (0.793~1.088) 0.832 (0.674~1.027) 0.409
4. ¥1ig
HFmrEF 1F .0 J1 3808 73 S8 b ST 28 A, s B AR BRASHIE AN TS 4 U B A I 25 1) e o P [2] [3] A

ffF FeiE st B @ 2 M 158 4] HFmrEF B35 IR kL, KINLZ) 41.8% M EH LI T LVEF kK. X—Ik
BIRESE T HFmrEF ABEERA BN EZE N OUIT R 1. N TR MR B BB EE, &
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W IEL 2 R R ifk  NYHA 232 UR4iTE . A2 E &7k AR W 2 (LVEDD) A 15 Betk = Bk 18 ) 57
(RWMA)E AL TR T, A Tl A B R B . A TE VA LVER WK 7 T Bom R T
R IX 73 BE(AUC = 0.813) MR HERE , Ayl R il 7E AL VR T SRIE SR AL 12 MARHRE -

AW TR BUIE LRSS R KT 5 LVEF R E B0 IEME, BIIERESE 55 e ) 8 T 5 S B0 iE T
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