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[ Abstract] Background Left ventricular ejection fraction ( LVEF ) is often used to classify heart failure ( HF ) .
Some HF patients were observed to have improved ejection fraction after treatment, thus giving rise to the concept of HF with
improved EF ( HFimpEF ) . However, most relevant studies have focused on European countries and the US, and there

are few reports on the clinical characteristics and diagnosis of this population in China. Objective To analyze the clinical
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characteristics, prognosis and prognostic predictors in Chinese HFimpEF patients. Methods Participants included in this case—
control study were chronic HF inpatients who were recruited from Department of Heart Center, Hebei General Hospital from June 1,
2018, to May 1, 2020. Demographic data and baseline clinical information were obtained from the electronic medical record, in
particular, clinical phenotypes of HF classified by baseline and follow—up LVEF included four: HF with preserved EF ( HFpEF ) ,
HF with mid—range EF ( HFmrEF ) , HF with reduced EF ( HFrEF ) and HFimpEF. Follow—up was conducted via electronic
medical record review, outpatient department and telephone since the last reexamination with echocardiography. The follow—up
continued through 2021-06-01, with all-cause death and all-cause readmission as endpoint events. Predictors of HFimpEF were
explored by binary Logistic regression. Kaplan—-Meier estimator was used to describe the survival of patients with all-cause death
and all-cause readmission. Cox regression model was used to identify risk factors for all-cause death and all-cause readmission.
Results A total of 530 cases were included, including 245 (46.2% ) with HFpEF, 55 (10.4% ) with HFmrEF, 133 (25.1% )
with HFEF, and 97 (18.3% ) with HFimpEF. HFimpEF patients had lower mortality than did HFpEF patients ( P=0.014)
and HFmrEF patients ( P<0.001 ) . The readmission rate was lower in HFimpEF patients than that of HFpEF ( P=0.011) or
HFmrEF patients ( P=0.001) . Elevated systolic blood pressure [ OR=1.036, 95%CI (1.019, 1.053) , P<0.001) , and left
ventricular end-systolic diameter (LVESD) < 37 mm [ OR=0.245, 95%CI (0.118, 0.507) , P<0.001) at baseline, and
treatments with beta—blockers [ OR=2.868, 95%CI ( 1.304, 6.305) , P=0.009] and aldosterone antagonists [ OR=2.691,
95%CI (1.316, 5.503) , P=0.007 ] were associated with increased probability of LVEF improvement. HFtEF, older age,
heart valve disease, chronic kidney disease, anemia, non—use of beta—blockers and oral anticoagulants were independently
associated with increased risk of all-cause death in HF patients ( P<0.05) . HFpEF, HFmrEF and chronic kidney disease
were independently associated with increased risk of all-cause readmission in HF patients ( P<0.05) . Concomitant valvular
heart disease [ HR=6.499, 95%CI (1.504, 28.089 ) , P=0.012] and anemia [ HR=4.884, 95%CI ( 1.242, 19.208) ,
P=0.023 ) were independently associated with increased risk of all-cause death in HFimpEF patients. The use of beta—blockers
( HR=2.868, 95%CI ( 1.304, 6.305) P=0.009 ) and aldosterone antagonists ( HR=2.691, 95%CI (1.316, 5.503) ,
P=0.007 ) were associated with increased probability of LVEF improvement. Conclusion We consider that HFimpEF is a
clinical phenotype of HF manifested as milder clinical symptoms, less ventricular remodelling and a better prognosis. Elevated
systolic blood pressure, LVESD < 37 mm and treatments with beta—blockers and aldosterone receptor antagonists may be
independent predictors of improved LVEF, while valvular heart disease and anaemia may be risk factors for all-cause death in
HFimpEF patients.
[ Key words ]  Heart failure; Cardiovascular diseases; Left ventricular ejection fraction; Ventricular remodeling;

Improved ejection fraction; Disease attributes; Prognosis; Root cause analysis; Survival analysis
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Table 1 Baseline clinical characteristics based on clinical phenotype of heart failure in heart failure patients

s e e 7 ~BuI Mk (35, mmHg) b NYHA T/ V¥ WAL
(x5, %) (n(%)) (s, kgm®) W4 ST (K /min) (n(%)) (n(%))
HFpEF 4 25 735:125 119 (48.6) 25.13£5.08 139424 7815 79+18 189 (77.1) ¢ 48 (19.6)
HFmrEF 4 55 693143 38 (69.1) " 25412467 138+ 24° 8015 8019 43(782)° 9(164)
HFEF 41 133 659132 102 (767) " 2431478 118+20" T1£17 87+21" 125 (940) 26 (195)
HFimpEF 4 97 658+ 143" 66 (68.0)* 2520 +4.84 132423" 82+17 88 +23" 80 (825) 30 (309)
L e nap i) 13.709" 33.286" 1.091" 25.847" 2072 7.668' 16.693° 6.828°
P{& <0.001 <0.001 0.353 <0.001 0.103 <0.001 0.001 0.078
5 BIER (n (%) )

PtbolE WSROI OEEE SR O ORI #ﬁﬁiﬁi BRI RRRIE IUEAIE  ERE

HFpEF 41 0 8(33)  131(535) 173(70.6) 149 (60.8) 94 (384) (392) 57(233) 53(216) 54(220) 38(155) 67(273)
HFmEF4l  2(36)° 0 14 (255) " 44(80.0) 45(81.8)" 14(255) 22(400) 18(327) 19(345) 10(182) 10(182) 17(309)
HEEF AL 22(165)"  1(08)  34(256)" 64 (48.1)™ 95(714) 44(331) 47(353) 34(256) 59 (444)" 24(180) 23(173) 19(143)"
HFimpEF 41 13 (134)"  7(72)  30(309)" 61(630) 70(722) 29(299) 35(361) 22(227) 32(330) 20(206) 15(155) 24 (247)
msitEE 5547 3310 38.360° 25471° 12.059° 4.635° 0.777° 2.442° 21733 1.031° 0.400° 9.865°
P <0.001 0303 <0.001 <0.001 0.007 0.201 0.855 0.486 <0.001 0.794 0.940 0.020
) HHELHE (M (Q, Q5) )
LVEF (%, #4%) LVEF (%, %) LVESD (mm ) LVEDD (mm)
HFpEF 4 60 (56, 65) 51 (45, 57) 32(29, 35) 48 (44, 51)
HFmrEF 4 45 (42, 47)° 60 (56, 64) 42 (39, 46)° 55(52, 59)°
HFYEF 4 (25, 34) " 30 (25, 35) " 54 (48, 60) " 64 (58, 69) "
HFimpEF 21 (28, 36) " 543, 46) ™ (45, 52) ™ 57 (54, 61)*
R gHE {f 433.116 402.193 380.808 267.420
P <0.001 <0.001 <0.001 <0.001
PR
n " T/ (V-1 NT-proBNP eGFR CK-MB
4 (%ﬂfiﬁgﬁ) (;Ijﬂ*ﬂfil‘(l)?%) [M(J()i, 5‘% [M(Q.ﬁ, 0s) [M(g.lfﬂ()s) . [M(QI:, 0:) (%5, mlz-njlin’l (M Qi 05,
x 10°L) mmol/m wmol/L, ) ng/L) < (173m) ) UIL)
HFpEF 41 11730£2613 3924084 202 (157, 241)  40(36, 44) 87.1(69.7, 1122) 1846 (747, 3714) 6391£2607 142 (116, 17.7)
HFmeEF 4 126552633 412084 206 (179, 254)  40(38, 44) 952(812, 1259) 2307 (909, 4542) 62.67+2686 134 (116, 196)
HREF 4] 1350242005  4.39+0.65° 197 (166, 234) 1(38, 44) 938 (816, 119.6) 2731 (1306, 6478) " 66.44 +24.60 142 (121, 189)
HFimpEF 41 128.45+24.90"  4.26+0.73" 198 (168, 247) 1(36, 44) 86.1(73.6, 107.4) 2706 (1220, 5697) 71572610 166 (13.1, 208)°
gt 15.934' 11.459" 2262 2.199 9.928 12,758 2352 8.766
P 0.001 0.001 0.520 0.532 0.019 0.005 0.071 0.033

TN (n (%) )

e T Bl el R g wmem oo ome e
HFpEF 41 87(355)  8(33)  81(331) 171(69.8) 152(620) 162(66.1) 116(473) (257) 153 (624) 26(106) 6(24) 11(45)
HFmeEF 40 23 (418)  3(55)  16(29.01) 36(655) 32(582) 36(655) 40(727)" 13(236) 35(636) 12(218) 0 2(36)
HEEF 41 34 (256) 50(376)“‘ 0(75)™ 91(684) 86(644) 103 (77.4) 94(707)" 16 (120)" 83 (624) 20(150) 4(30) 4(30)
HFimpEF 28 37 (38.1) 35 (36.01) " 14 (144) " 82 (845) ™ 80 (825) ™ 79 (814)" 66 (68.0)" 13(134) 66 (680) 22(221)" 2(21) 2(21)
BRGIRE 6688 97.504° 37.360° 10.076° 15.055° 11.513° 28.866" 13458 1.048° 10.137° 1.241° L176°

Pl 0.083 <0.001 <0.001 0018 0.002 0.009 <0.001 0.004 0.790 0017 0.773 0.773

TE: HFpEF= il 4- 400 8 (10,0 F) 5608, HFmeEF= 53 il 500 B {EL0 7 3508, HFrEF= 55 1l 43 B05A% 0.0 13888, HFimpEF= 5t 1fi 434k 6
B0 B0, BMI= RBHEEC, NYHA= AZ0.000R850 4, LVEF= 7o 8015040, LVESD= 720 # IR NAE, LVEDD= Z2.0 B &P kR AR,
NT-proBNP= S H:AR S i A KRTIAR, eGFR= 1532 5 /NEkIES %, ACEVARB= I3 55K R AEH im0 / 18 5K 2 324K 505, ARNI= 1L
G RIRRZ A HEREHI S, CCB= FRIMEBHN R, PCl= ZEIGEREIIKAN AR, CABG= ARG IR FERAIA ; (ETHEFERND * 2R 5 HEpEF
AL P<0.05, " Fon5 HEmrEF 413 P<0.05, © FR5 HIYEF 413 P<0.05; 10k * /RS HFpEF 4114 P<0.008, " &R HFmrER
HLELH P<0.008, © F/n 5 HRMEF 41145 P<0.008; " s o, “Fom x*MH, RKGREh Z (#
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IS [ B 5 50 & LVEF SRR £ (P<0.05)
W2,

2.3 2SN Kaplan—Meier 4% 7F 447.0 (300.3,
612.5) d BB, 116 4 (21.9%) BERT:, H
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HFmrEF 41 9 f4i] (16.4% ) . HFrEF 41 46 ] (34.6% ) .
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HFimpEF 415 HFpEF 41, HFEF 40T % L, 2%
A 4it24 5 L (HFimpEF 41 vs HFpEF 41, X *=6.020,
P=0.014; HFimpEF 41 vs HFrEF 41, x°=19.665,
P<0.001) ; HFimpEF 41 5 HFmeEF 44 %€ T- K L %%,
ZR G X (x’=1.329, P=0249) . DU 4
O ABER IR, 29 A % %E X (x=12.727,
P<0.001) ; HFimpEF 41 F A B¢ 2 X T HFpEF 41
( x’=6.435, P=0.011) A HFmrEF 2 ( x’=11.733,
P=0.001) ; HFimpEF 241 F ABiR 5 HFEF 41 b, %
SIGFE S (x=1.404, P=0.236) , WK 2,

24 LSRR RN 4% CHF B 2Rt
AR ARE R B AR MK 1, K2 Fos, 43510
JEAET (WM. J& =1, & =0) MUZEFERE (IE:
=1, A =0) N, DA (E: S0idE) |
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o CWRAE: SEIfE ) . 0% (CBRME: SCIME ) |
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=0) . MEERLGHUE (WE: A =1, =0) . OpH
s (M. A =1, £=0) . @ik (WE: A=1, T
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Figure 1 Kaplan—Meier curves for the cumulative incidence of all—
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Figure 2 Kaplan—Meier curves for the cumulative incidence of all-cause
readmissions in four groups of heart failure patients with different clinical

phenotypes of heart failure
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Table 2 Logistic regression analysis of factors associated with improved left ventricular ejection fraction in heart failure patients

SH LSS ZHE
P OR (95%CI ) B SE Wald x {8 P1E OR (95%CI )

i <0.001 1.035 (1.021, 1.049) 0.036 0.008 18.195 <0.001 1.036 (1.019, 1.053)
NYHA I/ V4% 0.008 0.301 (0.124, 0.730)

LVESD < 37 mm <0.001 0.203 (0.103, 0.401) -1.406 0.371 14.357 <0.001 0.245 (0.118, 0.507 )
LVEDD < 55 mm <0.001 0.318 (0.171, 0.593)
ACEI/ARB 0.042 0.557 (0.316, 0.980)

B — SZAARBH 711 0.006 2.523 (1.303, 4.885) 1.053 0.402 6.869 0.009 2.868 (1.304, 6.305)

T2 [T Pl <2 (A5 70 0.003 2.572 (1.366, 4.842) 0.990 0.365 7.361 0.007 2.691 (1.316, 5.503)
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fE (WRE: A =1, =0) . MEAME (RE: F =1,
T =0) . MAg5H% (WME: A =1, =0) . Fim (I
. f=1, £=0) . LVEF (W&{&: SZ{E ) . LVESD
(MfH: <37 mm=1, >37 mm=0) . LVEDD ( Jit{4:
< 55mm=1, >55mm=0) . MLLE A (BRI ) |
TANAETA CIRME: SEI(E ) |« /BT (e . 52
WAE ) | IyE K CRE: scmifE ) o DU (KA. 5C
M{E ) . NT—proBNP (W&fH: SZIUfE ) . eGFR [ MK(H:
<60ml min" - (1.73m’) '=1, >60 ml * min™" - (1.73
m®)'=0]) . CK-MB (W&{H: SZilf ) . ACEVARB ( W{E:
fi=1, 5=0) . ARNI (Ji{f&: 7 =1, J&=0) . CCB (&
BH: f=1, T=0) . B- MBI (WMHE: A =1,
JC=0) . BEMREESZ ARSI (M A =1, =0) .
FIRF (WG A =1, J6=0) . B2y (R{E:
f=1, £=0) . k&2 (WME: A =1, F=0) .

http://www.chinagp.net E-mail:zgqkyx@chinagp.net.cn ~ + 573 -

iT3s (WRME: =1, =0) . PCl (W&fE: A7 =1,
Je=0) . CABG (W{f: A =1, T =0) . &g (4.
A =1, Jt=0) NABEIHITHEZE Cox LbHI X EIH
SIHT, GERASRAEIS R O R | 12 A
REE I IALAE « A1, R4%5Z ACE/ARB., B — SZAARBHAEF |
P T 7 RS B0 . I IRBLBEZSIRYY, LA SCR$E3Z PCI
FHRZFEBEE2FIET- MR R (P<0.05) . %EE|
oy A AR 5O BT REAETEA G, DL P<0.1 i Bk
A ARG, SEATREE S HFEF AR A 9O IR |
PP . B AR B — SZAARBHA I A 1 AR isE
B FEFBET-MST A E (P<0.05) , W3 3.
HFpEF ., HFmrEF . 124 B E 2 i 2 4 DA B A
SRR ER (P<0.05) , WLEE 4.
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Table 3 Univariate and multivariate Cox regression analyses of all-cause death in chronic heart failure patients

5 PR EASES
P1E HR (95%CI ) B SE Wald x> i P1E HR (95%CI )
HFimpEF - 1 - - - - 1
HFpEF 0.017 2376 (1.717, 4.821) 0.607 0.368 2714 0.099 1.835 (0.891, 3.778)
HFmrEF 0.232 1.756 (0.697, 4.425) 0.407 0.477 0.729 0.393 1.503 (0.590, 3.825)
HFrEF <0.001 4408 (2.157, 9.008) 1.489 0.367 16.452 <0.001 4.431 (2.158, 9.097)
AR <0.001 1.035 (1.019, 1.051) 0.033 0.008 16.122 <0.001 1.033 (1.017, 1.050)
IO NERAR 0.001 1.819 (1.263, 2.621) 0.527 0.190 7.675 0.006 1.695 (1.167, 2.461)
PCI 0.031 0.491 (0.256, 0.938)
95 <0.001 2.061 (1.461, 3.000) 0.604 0.196 9.502 0.002 1.829 (1.246, 2.685)
A 0.001 2300 (1.563, 3.384)
21 0.001 1.955 (1339, 2.856) 0.627 0.202 9.656 0.014 1.684 (1.112, 2.549)
ACEI/ARB 0.014 0.594 (0.391, 0.901)
B — SZAAR B 7 0.003 0.567 (0.390, 0.823) -0.473 0.194 5.926 0.015 0.623 (0.426, 0.912)
TR 3T P2 A5 79 0.006 0.596 (0.413, 0.859)
H ezl 0.017 0.494 (0.277, 0.880) -0.632 0.302 4372 0.037 0.531 (0.294, 0.961)

T - FOR oA
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Table 4 Univariate and multivariate Cox regression analyses of all-cause readmissions in chronic heart failure patients

AP ZHE
A& 5
P HR (95%CI ) B SE Wald x i P HR (95%CI )
HFimpEF - 1 - - - - 1
HFpEF 0.010 1.807 (1.152, 2.835) 0.617 0.230 7.200 0.007 1.854 (1.181, 2.910)
HFmrEF 0.001 2.445 (1.416, 4.220) 0.895 0.279 10.305 0.001 2447 (1417, 4.225)
HFrEF 0.252 1.360 (0.804, 2.303) 0.304 0.271 1.259 0.229 1.355 (0.797, 2.302)
HR 0.010 0.990 (0.983, 0.998) - - - - -
I LA 0.061 1.330 (0.986, 1.794) - - - - -
B E IR 0.080 1.352 (0.965, 1.893) 0.358 0.172 4319 0.038 1.431 (1.021, 2.007)
IMELEE A 0.035 0.994 (0.988, 1.000) - - - - -
eGFR 0.054 0.743 (0.549, 1.005) - - - - -
i [ 0.050 0.738 (0.544, 1.000) - - - - -

e - FR A
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W35,
3 it

HFimpEF (4 & 44 T PUNNOOSE % ' 7E 2011 4F
B —I0RE5E, AR LVEF i 3E2k <40% K2 2 = 40%
AL SHE = 5% 52 R 53 10053 B0k A2 11 0 7 5 3
( HF with recovered EF, HF-REF ) , Jf % ¥ HF-REF
REHAER, HARA RO . BURG . OB EE. &
MRS, MAh, 78 HF B b, HF-REF & 1948
%, K HF BRIRA BB D . BB 2. e
TARENGF TBOWHEL, LVEF BGRB8 W5 | i &
Mo B TR R S5, DLW HFimpEF 2 XA—2L,
HFimpEF B T2 | I R S AT 2 T 2 510

WE £E #F 58 b CHF & # LVEF 1k & 1 Lt 1] 10%-~
60% ' ARWFSE LS BB R, FLR LVEF<40% (9 HF
B Y 42% (97/230) K4 T H M HBKE, E L
B T LU0 25 10 g, TN T BE S a8 ARG
9o R B LU AN ) A G, I R 9 BT 7 8 3 B T g &
4 LVEF MR 100 55—l e i R R A5
HEE HFEF J A2 2 i s 2 T HAL AR a8 A Y
BHE . ARG R TR, 5 HFpEF A, HFimpEF &
HREFR, BUgL, BRI EEZ), Bl gEE
ZAEEMEAERYIAYTY (ARNL, B - SZURBHAF . AR
ZARSETIR ), SREERISE 87T . HFEF 415
HFimpEF AR # . I T 22 5. (H IR AT HFimpER
B U 45 T B, LVESD M1 LVEDD B /), .0 3 fig
NYHA [T/ IV &5 th B/, #2978 HFimpEF 1.0 % 814
FLEE(ET HFEF, 5 FLOREA 25 ¢ pysfis—35L.
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LAY & LVEF YK WA sr i 7, S5 Ririass —
B PR R RO AL E FA R HF R AR
R () EE R P AE FRALN, T HF B3 LVEF PR /¢
HOROEWEN, RN IO E G5 D RE 7] 1EH
s, D EFCRIIE N SRRERER . B
SR W R A LVEF 15380805, (A E A nTRel
HF FRRAERE , SRS HFR A D WL A AEX At fE
HF FREARFAAE W] RERFSLAETE, HFimpEF F# 2]
EATREHE A M T s Emm 1, RN AT RE S5 %254
SEHEAS RN ATIRTT A . B — SRR 71 A
] ) 27 A 435 e 700 30 o 410 ) S SR 2 R R - A R K
= - EBEE RS ( renin—angiotensin—aldosterone system,
RAAS) Byt B 00E kA AT EMAMER, JF HF B
PSS 3 M ; {3 HFimpEF R 2R (4 0 30 JE 44k
FETE, BARSRMHE T J5 22197697 . TRED-HF BF5¢ W42
TS ZEYIEYT S HFimpEF 58 % 094 S Sk k1R %
RIAESAEZG4 P 11 0] (44% ) FRFIRFN T EEL N,
MARSEYT AL AT MR BN 2 e ks B sE 5 1s
1B T EETFH B AZAR I BEA R, 5554 9 B (36% )
BAERE R B L BRI ARG e s
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HFimpEF 5 # 4k SE6) 7 1 BBk

B4R 1R, HFimpEF 41 4 [SET- %Ik T HFpEF
4, HFEF 41, SRR —3 ", AP LM
HFimpEF 415 HFmrEF AT RIF T 285, A5k
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B 5% HFmeEF 5 HFimpEF B9RFSE . 4B KR,
HFimpEF 2H 4P FHE B 38T HFpEF 201 HFmrEF 244,
{H5 HFEF o225, K85 HFimpEF B 1 220
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Table 5 Univariate and multivariate Cox regression analyses of all-cause death in HFiEF patients

A EASES ZIHE
] P1E HR (95%CI ) B SE Wald x> i P1H HR (95%CI )
AR 0.033 1.071 (1.006, 1.140) - - - - -
A OISR 0.032 4543 (1.135, 18.187) 1.872 0.747 6.282 0.012 6.499 (1504, 28.089)
WLEF 0.031 1.012 (1.001, 1.024) - - - - -
M K 0.004 3.426 (1.483, 7.915) - - - - -
Gyl 0.061 3.526 (0.944, 13.165) 1.586 0.699 5.154 0.023 4.884 (1242, 19.208)

T - R TR CEE
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