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Abstract

Objective: To investigate the association between different levels of left ventricular ejection fraction
(LVEF) and renal dysfunction in patients with heart failure. Methods: Individuals who participated
in the Kailuan Group health examinations between 2006 and 2018 and were first diagnosed with
heart failure by December 31, 2020, were included as the study population. Participants were cate-
gorized into three groups based on LVEF levels: LVEF < 40%, 40% < LVEF < 50%, and LVEF = 50%.
LVEF was used as the independent variable, and the presence of renal dysfunction was used as the
dependent variable. A binary logistic regression model was constructed to calculate odds ratios
(ORs) and their 95% confidence intervals (CIs). Subgroup analyses were performed according to age,
sex, and obesity. Additionally, sensitivity analyses were conducted by excluding individuals with a
history of hypertension, diabetes, myocardial infarction, or pre-existing chronic kidney disease
(CKD) to verify the robustness of the results. Results: A total of 3272 participants were included in
this study, of whom 2837 (86.7%) were male, with a mean age of 68.01 + 10.99 years. Logistic re-
gression analysis showed that, compared with the reference group (LVEF = 50%), the odds ratios
(ORs) for renal dysfunction were 1.73 (95% CI: 1.31~2.29) in the 40% < LVEF < 50% group and 2.42
(95% CI: 1.72~3.41) in the LVEF < 40% group. Subgroup analysis revealed that, except for the fe-
male subgroup, which showed no statistically significant difference, the results were consistent
with the overall analysis across all other subgroups. Conclusion: The risk of renal dysfunction in-
creases progressively with the decline in LVEF among patients with heart failure.
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OB R0 MR AR B, By 2 — N2, 2017 SRR B AN BB 6430
FIN1], Adt 2022 FREC F1 32 m IEBE N BGRIE 890 Ji[2]. RE L)y FE IS AW it , (HHIET:
REEAT, LEBFELFEEFAEANLE 50% [3] [4]. OEAMUZASMOIMETHROLRNE, HHE
B IR B VIAH (5], OB LR EIEAE N — R WHIIRIREEEAE, WA sk FEU L B [6], LB Dhae FR
FRARRE— 2B 38 I 1 s Bt 5 0 A [ 7]

OAEThRE S E Dhae Al IARAE, HAOLDhee TR O R BRI, T FBUEM MmEE N, H
2 FEE/NEHEIAIE8]. — Wk A H E SIS AR B, B /NERIET 2 (estimated glomerular filtration
rate, eGFR) T [% 5 7 = 4 If 43 $2(left ventricular ejection fraction, LVEF) < 50%:2 3 H55[9]. SZFRIGIK LIE
RIS LVEF 5.0 13238 (112 W 20 R 5 i 70 B B4 B (HFrEF, LVEF < 40%)~ 5 1f. %3 %5 (8] % (HF mrEF,
LVEF 40%~49%) } 4 1L 73 500 B8 AL (HFpEF, LVEF > 50%) = FJ8[10]. J& 0 J132v AN+ LVEF =%
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K55 I)ReRNS[eGFR < 60 ml/(min-1.73 m?) ]2 [B] RBEVE IR A B R « WA FARFCTF W F 8ds, B
FEAR T O I FE M e LVEF 5 '8 ThAEFarg /& 75 B A et

2. MR ERE*E
2.1. HFRIR

2006~2007 4 H - EEEE A BT Je8 ) T e B e S FL B B 3 11 SRR Be i B B A AE BR SR AR 03 T 58 Jil 28
— YA, ZJEEEPERE U — Ko (R A AR A O FEAE Y IR o I AT B U o A T DAC 3 R
BRMEERT G, A SR GINREE A A B . AR TCEIRAR FR S 5, 10T el TR (5 )
A BRFTE A 7 B2 B 5 2240 3 25 01 2§ f([2006] EAR F 5 5).

2.2. PAFHERRIRE

INFRTE: (1) S 2006~2018 5 FF UL AR ARG s (2) BB 2020 4 12 A 31 HE W2
D AEEEF (3) FESINAW RIS EMERERE . HERbrE: (1) JERR S IR IO LT . LVEF
BRI 5%, (2) HEGE SO TR B R 2 (K 1),

-
511 2006-2020 Fr K fE R B H
RiSHHL N RiES 5E&(N=4696)

(.

.
H R A7 B f HERRLER. LVEF BE®
2 (N=80) L (N=1344)

[ REMNS5E(N=3272) ]

Figure 1. The flowchart of inclusion and exclusion criteria

B 1. ANHERRARERIZE

2.3. IEERZR Y

kR W E RO 5Bl T, Gt RO RO RS L s A, WO AT
LU IR O B e S LB R AL 11 K ERBe, i TABREE . Sedb B TR MR B be . Bl AR
Be RO BRR . B L R B AR T AL B R S, B S W i e b R TR £ e D BEAT B A
Hrp e N D22 TR DAL NI AR RS . DA S ROIRZ LA fm s ok, BATR A2 I A
R BERHRAS, PRAIH IR WA R ORI SCE[11].

2.4. HERENX

OEERNZEbRE: ARAE ChE ) ZRIZ WA TR R (2018)) [12], @i A BT id kM. (1) A
O IIEVERER, RIAWFRINME . = )1 SRR, Bz Wb B NYHA G DIRESr 2% 11, 1L IV 4
(2) LVEF <50%; (3) 3% N &K B F R AL (NT-proBNP)/KF-FH . 50 % LA F ) 83 NT-proBNP 7K
*F >450ng/L, 50 %Ll I >900 ng/L, 75 %L ER. > 1800 ng/L, HIEEA4(eGFR < 60 ml/min)if NT-
proBNP 7K. > 1200 ng/L. 0 SIS Wb & 244 1 LA ER&ME 2. 3 1%/ 1 4. LVEF: &
B A DBk A, SR M AR A R A7 5K K I A A (ED V) RIS 46 K I FA(ESV), 443\ LVEF = (EDV
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— ESV)/EDV x 100%1157[13]. eGFR A&ARYE M2 1 B s A7 5 2= & E AR UL 7 R H 5[ 14]. B Th
REREAT 2 LN eGFR < 60 ml/(min-1.73 m?). 1814 5 JF %5 (chronic kidney disease, CKD): #R4i 2002 4:3%
[ 2% B 3L 42 2> 1) 52 i K/DOQI (kidney disease outcome quality initiative) i Fg bR, & XA eGFR < 60
ml/(min-1.73 m*)F(E)JREEBHEE[15]. mifilE: Y4iE > 140 mmHg 8EF ik E > 90 mmHg M IEAEAS
FH RS 2588 s LK S 16]. IR : FBG > 7.0 mmol/L FI(2)FBG < 7.0 mmol/L, K¢ IE7E{# FH [4H 24 55,
HRERI 17 SRR B %(Body Mass Index, BMI) = &/ 55 2 (kg/m?) [18].

25. Gt FERE

K SAS9.4 (sas Institute, Cary, North Carolina) 4t v15# 3K {347 85 4. FF6 IES DA = TR
KHABME + brfEZERR, HE BRI 20 AR RS0 P vh 2 TORER A 8 (Pos~Prs), 4LIAILL
R HAES A 56 (kruskal-wallis) . THEC DR AN & 70 th o, AHRIELEBCKA 2R, B\, DL
LVEF <40%. 40% <LVEF <50%. LVEF >50%7-4{F A HA&R, U HAFEE IREmaT/E AR &,
K% —JC Logistic [l VARERY, {5175 H ELAE EL(OR)AIT 95% B AE X [F)(CT). #AY | AR IEAERS . MR, 7Y 2
AT 1 SRl P RE R S B R . R E AR O, R RESR S HIh =B REEREEA.
A EENRE A FER . miE. B8 3 7ERIAY 2 BOJRal EARSIERE R 2. FRREZ) . IRINR 29 IRZTE L. 4%
SRR MRS PEREE AL S BT AT, R IR A AR E Y, Al HERR R R B IR R
& OUBESE SE . BEfE CKD B #- T 78U . SRR SS, P<0.05 AZERA S L.

3. 58
3.1. I RELFRILE

2006~2020 FEZINFFEREE A e B L2 2020 4 12 A 31 HERIZWHO F13E0E 4696 B, HERRIL
IF. LVEF SkE3 1344 5], FEBR B AL B R 0 e 80 19, AN GTH ATt i & 3272 N
FHorp 5B 2837 N(86.7%), “FHIHF#(68.01 + 10.99 ). RH#E LVEF /0 =4, Hr LVEF < 40%41 254
i, 40% < LVEF < 50%%H. 400 1], LVEF > 50%%1 2618 i, =4IAlbi4E# . thw. BMI. s/t . H
W=RE. MRS U iRt . IR R L2 R B g m . % LVEF R, LS.
MAEAEFEER, FiE. BML miiEm . IR RZ9) 5% 2 R REEHOLE 1),

Table 1. Baseline characteristics and comparisons among different LVEF groups

5% 1. N[E) LVEF SRR E & IBHFIE M LR

LVEF <40% 40% < LVEF < 50% LVEF > 50%

BAB(N =3272) (N = 254) (N = 400) (N=2618) P Value

TEWRE () 68.01 = 10.99 66.06 = 11.04 66.53 + 11.24 68.42 +10.91 0.0003
(%) 2837 (86.7) 236 (92.69) 374 (93.5) 2227 (85.1) <0.0001
HEHE KL E(%) 85 (2.60) 3(1.18) 14 (3.50) 68 (2.60) 0.3474
HEBIE (%) 943 (28.8) 63 (24.8) 110 (27.5) 770 (29.4) 0.4261
WA (%) 1032 (31.5) 96 (37.8) 128 (32.0) 808 (30.9) 0.1579

TR (%) 815 (24.9) 80 (31.5) 89 (22.3) 646 (24.7) 0.0581

BMI (kg/m?) 25.59 +3.68 2490 +3.33 25.68 +£3.64 25.64+3.71 0.0230
SBP (mmHg) 139.40 + 23.25 132.42 +22.52 140.26 +22.71 139.95+23.30  <0.0001
TG (mmol/L) 1.21 (0.84~1.84)  1.10 (0.80~1.49) 1.13 (0.84~1.64) 1.24 (0.85~1.90)  0.0012
LDL-C (mmol/L) 1.53 +0.87 2.23+0.85 2.26+0.84 2.26+0.88 0.9625
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HDL-C (mmol/L) 1.25+0.49 1.28 +0.50 1.20 £ 0.39 1.26 + 0.50 0.1071
JULEF (wmmol/1) 78.00 (64.00~97.00) 86.00 (70.00~108.00) 86.00 (71.00~107.00) 76.00 (63.00~95.00) <0.0001
eGFR [ml/(min-1.73 m?)]  80.21 +25.93 76.64 +26.62 76.92 +25.84 81.06 + 25.81 <0.0001
2 T (%) 2369 (72.4) 158 (62.2) 304 (76.0) 1907 (72.8) 0.0011
G AISACD) 1002 (30.6) 71 (28.0) 125 (31.3) 806 (30.8) 0.8110
R I 24 (%) 1576 (48.2) 90 (35.4) 194 (48.5) 1292 (49.4) 0.0004
FERE 2 (%) 250 (7.64) 17 (6.69) 32 (8.00) 201 (7.68) 0.9399
K% JE 24 (%) 345 (10.5) 21(8.27) 46 (11.5) 278 (10.6) 0.6153
LVEF (%) 62.00 (52.00~67.00) 34.00 (30.00~37.00) 44.00 (42.00~47.00) 64.00 (59.00~69.00) <0.0001

W BSOS ERRUEE £ bEEFR, EESOARTHREER LA B(P2s~Prs) s . BMI AR E1EE
SBP WYKL, TG AH M =Hs, LDL-C AMK% R A IHEEE; HDL-C A% E AR 8 (I H G EE; eGFR A5
NERIEE R,

3.2. N[ LVEF S4AX 'S THEREIRRNAEY Logistic BIYA4534r

Logistic [A[JH20#rH, LA TS B IhAEERS (egfr > 60 ml/(min-1.73 m?)IR{E N 0, egfr < 60 ml/(min-1.73
m)IR{E N DIENEZE, L LVEF < 40%. 40% < LVEF < 50%. LVEF > 50%7%>204F 5 54 28 &(LVEF >
50%1E ARt ), AT AR LVEF X B DigebetG sz . 208l 3 SIE%ER: 5 LVEF > 50%4
5, 40% <LVEF <50%%L OR = 1.73, LVEF <40%%1 OR =2.42 (¥ 2).

Table 2. Logistic regression analysis of the association between different LVEF groups and renal dysfunction

%% 2. XA Logistic BlYA5#r A~ [E LVEF 945 B IhaEREISHE < 1

PR | PR D R 3
il
HR (95% CI) HR (95% CI) HR (95% CI)
LVEF > 50% Ref. Ref. Ref.
40% < LVEF < 50% 1.69 (1.30~2.19) 1.73 (1.31~2.28) 1.73 (1.31~2.29)
LVEF <40% 1.74 (1.27~2.38) 2.40 (1.71~3.38) 2.42 (1.72~3.41)

e B L RCIEARRS. MR BEAY 2. FERRRY 1 RJEAE AR R SEHE . HEEREK. W, UGN, ARERREL
i =me, REERES. SEERES. BRWE. SiE, B8 3. R 2 MRl ERCIERERZS . FEREZS . BRI

7.

Table 3. Subgroup analysis: Logistic regression analysis of the association between different LVEF groups and renal dysfunc-

t%)r;. TR H: KA Logistic BV 4R [E LVEF 745 'S IhRERESHE X 14
B 1 T 2 R 3
Vi
HR (95% CI) HR (95% CI) HR (95% CI)

LVEF > 50% Ref. Ref. Ref.

St 40% < LVEF < 50% 1.68 (1.28~2.20) 1.71 (1.28~2.29) 1.70 (1.27~2.28)
LVEF < 40% 1.71 (1.23~2.37) 2.37 (1.67~3.39) 2.38 (1.67~3.40)
LVEF > 50% Ref. Ref. Ref.

ot 40% < LVEF < 50% 1.80 (0.72~4.53) 1.86 (0.69~5.05) 1.95 (0.70~5.37)
LVEF < 40% 2.06 (0.70~6.11) 3.04 (0.80~11.6) 3.21(0.84~12.3)
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LVEF > 50% Ref. Ref. Ref.

age < 60 40% < LVEF < 50% 1.28 (0.70~2.35) 1.46 (0.65~3.28) 1.54 (0.68~3.49)
LVEF < 40% 1.81(0.94~3.51) 6.38 (2.69~15.18) 7.27 (2.95~17.90)
LVEF > 50% Ref. Ref. Ref.

age > 60 40% < LVEF < 50% 1.80 (1.35~2.40) 1.81 (1.34~2.46) 1.80 (1.33~2.45)
LVEF < 40% 1.70 (1.19~2.43) 2.16 (1.48~3.15) 2.18 (1.49~3.18)
LVEF > 50% Ref. Ref. Ref.

BMI <25 40% < LVEF < 50% 1.62 (1.11~2.36) 1.56 (10.4~2.35) 1.58 (10.5~2.38)
LVEF < 40% 1.52(0.98~2.37) 2.15(1.33~3.46) 2.26 (1.37~3.58)
LVEF > 50% Ref. Ref. Ref.

BMI > 25 40% < LVEF < 50% 1.80 (1.26~2.58) 1.94 (1.32~2.85) 1.94 (1.32~2.87)
LVEF < 40% 2.00 (1.27~3.13) 2.69 (1.64~4.41) 2.70 (1.64~4.42)

e B L RCIEARRS. MR BRAY 2. FERRAY 1SRG DA IERA mAEHOE . REERIR. OB, DO, ARE R
=R, REERES. SEEZRES. FRWE. Sk, B8 3. R 2 LA ERCIERERZS . FEREZS . BRI

4.

Table 4. Sensitivity analysis

2 4. BURMEST
A A 1 B 2 A 3
HR (95% CI) HR (95% CI) HR (95% CI)

LVEF > 50% Ref. Ref. Ref.
He B BEAE & 1R 40% < LVEF < 50% 1.88 (1.00~3.53) 1.71 (0.89~3.28) 1.73 (0.90~3.32)
LVEF < 40% 3.14 (1.75~5.64) 3.25 (1.79~5.90) 3.25 (1.80~5.95)

LVEF > 50% Ref. Ref. Ref.
HERS BEA 0% R o 40% < LVEF < 50% 1.70 (1.24~2.35) 1.69 (1.20~2.37) 1.70 (1.21~2.38)
LVEF < 40% 1.60 (1.08~2.36) 2.08 (1.37~3.14) 2.09 (1.38~3.16)

LVEF > 50% Ref. Ref. Ref.
HE B EAE LA 40% < LVEF < 50% 1.45 (1.08~1.94) 1.46 (1.06~2.00) 1.44 (1.05~1.99)
LVEF < 40% 1.68 (1.20~2.35) 2.34 (1.62~3.38) 2.39 (1.65~3.45)

LVEF > 50% Ref. Ref. Ref.
HEFRBEE CKD 40% < LVEF < 50% 1.83 (1.20~2.77) 1.74 (1.13~2.67) 1.78 (1.16~2.73)
LVEF < 40% 224 (1.39~3.61) 2.49 (1.52~4.07) 2.45 (1.49~4.03)

e B L RCIEARRS. MR A 2. (ERRRY T pOERAN EROIEREA S HE . ME B BUH. Ol R EIRE
o =me, REERES. SEERES. FRWE. SiE, B8 3. R 2 MRl ERCIERERZS . FEREZS . BE)E

7.

WHNT R, Bt igitER, HRgRESANHMER 8 75 BMI > 25 kg/m> ABfH,
5 LVEF > 50%41 b, HARMAREE LVEF PR D Re Rns KU A RE BB W38 (56 3). A T 3RiibAe
RURSEE, HEAT 7TRUBME M 20 BIHERR S LR B (n=2369) BRI 3 (n=1002)  BEAECALEESE
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8 (n=474). BEA: CKD B (n=1286), 4R 5E0Mras RIEAR—F(E 4).
4. WHig

AL RN, 160380 NFEF LVEF R R0 T B Dhaediifs KU, ek, <60 % J BMI
<25 kg/m? AN N EBEHTE R,

BT S LVEF > 50%ZHAH L, 40% < LVEF < 50%ZH ) ' T 6 R XU 2 2 34 OR = 1.73, 1M
LVEF < 40%ZH {15 Th RS FE 5 XU - T8 9B i OR =2.42. Hsieh MC fIWF %], eGFR K45 LVEF <
50%EE A, HEEREARMTEAIEAR (9], ok, — I PG AL A XA RS P 7 95973 BA
Tt A g R WoR, LVEF RS B e A4 R A 2 i3 I 2 UIAHE[19]. AWFFLLL LVEF < 40%. 40% <
LVEF <50%-+ LVEF>50%7- 4048 B ST 04, BEAFE 0w R 000E Lo DA FdE T8
PO FENFE, Toigol b O 25 R BIsE M, A FUAKFE T B 7L BN F,  DUE A O R NI 7B,
5 IR T L B s

ITAE, Rocho %58 A4 G B SREGAE T4 AR IZ M 51 kL V2 538 [20] [21], B 7 AS[E150 2%
RO ST AR R O3l ey — e KA iy H 2 85 2 RINIRIRSEE1E, R ol
P E RS [22]. BEAF AR, A BRSO EEFEI TR E R T LB RS2 HE,
HoU B DI REREAG I AAAE B 0 1 B B Re 2, AT Ak 2 I K e 8 Bt O™ B A 40 [ 7], @tk O T RE
T2 FEORH ERCD, TGRSR RN TR, SECE/NERIEE R, R, 75 OIHKHEE
RET, BER - MERKE - BEHRERAASBFGE, HRK WG m, R mERKE N EREZ.
M EETKER 11 AT 51 R S NER/NBI KA, 3 — el B U Iy o 7 e [T I 0 388 o 2 3 K AN R
INEF MR b, ORHICHEEIE T RE S| R MIE IR BB F-a 1 AR FR-6 56 SOAE D TR, X LA
TAE SRR AT, B3 /NG R AR B I Y R 4B R ThAg . AT SRR U AR AT E
LR 11231,

SR, ABEFAAAAE— s JRRE. 5, ARFFTCEET IR TS, Foh T R, e szidk
HHIEAR, R IRATHAT 73R M /i . FR, A OB BEHRERIE TR IR IESR, HTEEH
FRREFH MEESR, RS EE BT —EmE. NRERDEBmE, BATEEN LT T 54—
B, IS TR A, AR E R R T, RATSERET TRE, IFERURE b
HEBR 70 MU BT AR OC R ZR R REIA, K0 45 ST 7E T 3% i Bl /Mb

ZE PR, WATRIHT KO3 LVEF T2 DhRERG M a2 . 0 ) 320 B B D) hekshs
B W RN [24], I AT G RO J) 5 v R v DY RERE RS ) S S N, SN R O S LA, BAek
0 ) R R FH TS

SE K
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