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Abstract

Objective: To investigate the diagnostic value of left atrial reservoir strain (LASr), neutrophil-to-
lymphocyte ratio (NLR), and their combination for heart failure with preserved ejection fraction
(HFpEF) in uremic patients, considering the limitations of conventional echocardiographic indices
in diagnosing HFpEF. Methods: A total of 96 uremic patients were enrolled and divided into Group
A (uremic patients with HFpEF, n = 67) and Group B (uremic patients without heart failure, n = 29).
Left atrial strain parameters were obtained using two-dimensional speckle-tracking echocardiog-
raphy. Inflammatory indices including NLR and systemic immune-inflammation index (SII) were
calculated. Binary logistic regression analysis was performed to identify independent influencing
factors, and a combined predictive model was constructed. The diagnostic performance was as-
sessed using receiver operating characteristic (ROC) curves. Results: Binary logistic regression
analysis revealed that both LASr (OR = 0.796, P < 0.05) and NLR (OR = 1.735, P < 0.05) were inde-
pendent predictors of HFpEF in uremic patients. The areas under the ROC curve for LASr, NLR, and
their combination in diagnosing HFpEF were 0.759, 0.755, and 0.845, respectively. The combined
model achieved a sensitivity of 92.5% and a specificity of 65.5%. Conclusion: In the uremic popula-
tion, where conventional echocardiographic indices demonstrate limited diagnostic performance,
the combination of LASr and NLR significantly improves diagnostic efficacy, particularly with high
sensitivity, facilitating early screening for HFpEF in high-risk patients. However, the relatively low
specificity warrants caution regarding false-positive results in clinical practice, suggesting that the
model is more suitable as an adjunctive identification tool rather than a confirmatory diagnostic
approach.
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O 3 B 2 REFIRE & LB P B IR RRE (1] FEPTA O )38 g vh, S 50 20K BE 1) .0 ) 3 35 (Heart
Failure with preserved Ejection Fraction, HFpEF) (% it id —>f[2]. HFpEF & XA LVEF > 50%{HA71E /0
DiRebsns, JFEA Ok S ) — HIGIREEEAE[3]. HTIREAEEERE MM E ., R
R SR, FEUES A TEPR(E/e's LAVI. TRV 55)12 W1 HFpEF 7245 R MR 1% . BEAEAT FE[4)% B,
7 3 AR R AR Geie A SEONBURS,  RERS TP IR IR A2 O DR RRAS . EAh, TR EPAE B 4 G PRI SOE I B RE
giArAe, AEER ERR O/l R — BN R K 2 — (5], FET A, T s gn i v Ee
ROMEJREFRAR, QR4 /K LA LEAEL(NLR) 4= 5 9% 2 FE 4R E(SIN S, COMESE i /E N 115
iy Y7 B BRSO 0 98 E AR b B4 A5 77 0o D RE R (1) - U0 A B Y R G () S AL 6] [ 7] S8 1T
H AT % T B & N H T /R E80E 8 % HFpEF IZ2Wi st i B A IR Rtk AWFIE B IR I TG
i HFpEF (I R B A 5%, PR EFIE 3 1 B Co I A7 RIS 0 25 42 (I B AR AR
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2. MRS E
2.1. HARMNHR

EHL 2025 4F 3 & 2026 4 1 HIREE 96 FIMELENT R EEEF AR AN R, RIELEED
HFpEF 738 A H(JREEREF: HFpEF 41) 67 Bl (H A 51k 40 1, Ltk 27 5, 4Fid 36~79 %), B 4l(JREEIE
AEOEEH) 29 BICGEH B 19 61, ot 10 6], FE8 33~72 5). AP O REECHTE (18
B e ST A S W K BTIR TR R (2022 ERR)) (8] BIARAE, JF HAD AR B #eiZEHT 77 ; @ HFpEF 2
R (O o BOOR B (100 S v 2 W 51897 B 3R 20250 B bsAE. FERRAsdE: O fAE™E
O E LSBT B (i Se RV OB . P BRI IR . SR O UEESESE): @ i 3 AN H NAETERS I
RGNERIEFEbR VTR SPGB s . SRR S MR . ERAMAETFEARS); @ B
BEAE IGR TR R

22. UEERZE

I RFERE IR : DB 8. B RE . iR APk, IR R E(BMI) &
AR IIA(BSAY).

i R 750 B B S HGRIL: R A GE Vivid E95 10 2 35 i 75 A [ M5S L (A 1.5~4.6 MHz).
ZRLE WEMEMT, RERD =0 AN ER . 5= KAMYIH L& = &7k RK BN A0L VD).
FE s EAR(LAd) ARG EEE(IVSd) 7o % JEREEEE(LVPWA): TORIE O 5 0RMIEO VI, 12
XTI Simpson 7201 5E 72 & 5K AR AR FULVEDV) K e S5 143 BU(LVEF); K 23 it 75 3R 15 67 ok
HA R VA O (B) WO 3 — 2 A s (A) & 7 5L 30 18] B — 2R B S ()~ A7 9K
HIMIEE — SRR IS B (')« ARG R (TR Vinax)s FHITEH ¢ ('S e'we FIIME) . Ble' X
7 R BT E(LAVI) .

1o 5 A S HORE: 3EN AFILA FUH, R UGERR ARV IS QAP iSOG, A E 372 O P R
OHMERCER I AT FA R . RS E S 7 S g AE AN AR (LAST) 18 1 R AR (LA Sed) B W4 B4
(LASct).

SIS ESHORA: REBF BN I HEEE 8h UL IEE K, SRAAMEM. ka5,
BT FIRSH, BT U T AR E RGN A5

NLR = AP 40 it 250/ B2 40 i 4

PLR = [fil /MR vH-%/ik 40 i -

MLR = FEAZ 40T H/ itk 2 40 -5

SI = I NMRITFE > He PR A T4k B 4t -4

SIRI = HPERIH M T4 < A% 4 i T 250/ 9k T 48 i o 25

VAL BRI 20 B PR BRAE B, 000 B 44 B TR DL b O RS 75 R B R 0 PR IR U 40 A 3R
B DR A &K, KL LASr. LAScd. LASct {8, Z0HrWlggs el i —gott, HiEE—4 B
K% 10~15 min J5 FFCIIE, 2B WEEE I — Bk

2.3. GESW

B HrR M SPSS 27.0 BifF. IR AIESAR R ¥ +5 For, AIA SR AMSIAEA t ki
AFFE RS AR HITHE TR M (Q1, Q3)3& 7R, A tLEAT AR HG K . tH BT B Kl i 73 bR,
IR LEBCR A 2 Ko I 8 K 3R AN 22 [R5 0T Logistic [AIH 70 #r, G R JRFEAE B4 HFpEF frAHA7
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R ZE, IR RS MR . 2238 TIERE(ROC) I Z, 13 & e b5 MBS 48R h 48 T
HA(AUC). FeEdibiE . BUSE LR, PHE2ias. RN R BACC)HEHT HE ALK
PLP<0.05 NEFBEAGITFE L.

3. &%
3.1. FAIGRERIBHREL S

W ZH BB AR A . RS - BMIL BSA2, Wi [k« 75K 77 TH ) £ R ¥ L Ge 222 L (3 P> 0.05).
3 1,

Table 1. Comparison of baseline clinical data between the two groups

= 1. MEIRRERBIRELR
o Bl FWY BRERRU(kg/m?)  ERIEH/m? Y4 s /mmHg #F5K 5/mmHg

AU 4027 56.5+10.2 21.6 (20.2, 24.6) 1.7+0.2 142.0 (137.0, 158.0) 81.9+12.1

B4l 19/10 53.0+8.5 22.1(20.3, 25.8) 1.7+02 138.0 (118.5, 152.5) 79.2+12.1
PHZ A 0.289 1.594 -0.722 -0.996 —1.848 0.882

P 0.653 0.114 0.470 0.322 0.065 0.380

3.2. MEBARLZIESE . EENESHRAGIERIEERLER

5 B ML, A LAd. TRVma Ev AL E/e's LAVI. NLR. SII #JEEF &, ewm- e'wes LAST i
HIRK, ZRIWASIFE XY P <0.05); Fi4lE LvDd. LVEDV. LVEF, IVSd. LVPWd. LAScd.
LASct. PLR. MLR J SIRI FZER TGt 48 Lo WAk 2,

Table 2. Comparison of echocardiographic parameters, left atrial strain parameters, and novel inflammatory markers between

the two groups
2. REBRLDESY. EENESH R RERRILR

Pap! LVDd (mm)  LVEDV (ml) LVEF (%) IVSd (mm)  LVPWd(mm)  LAd (mm)
A4 50.0 (47.0,53.0) 115.3£29.7 63.0(60.0, 65.0) 11.0 (10.0, 12.0) 9.0 (9.0, 11.0) 40.4 + 6.4
B4 48.0 (45.0,51.5) 108.0£20.9 63.0(60.5, 65.0) 10.0 (9.0,12.0) 10.0(9.0,10.0)  37.3+52
PZAE -1.74 1.193 -0.971 -0.809 -0.531 2.343
P{H 0.082 0.236 0.331 0.419 0.595 0.021
IreH. TRVmax (m/s)  E (m/s) A(m/s)  e'lAlffE(cm/s) el EE(cm/s) Ele' LAVI (ml/m?)
A 27+05 08(0.7,1.0) 1.0(0.9,1.2) 5715 71+£20 12.6(10.9,16.7) 35.6=12.2
B4 23+£02  0.6(0.5,09) 09(0.8,1.1) 6414 95+2.1 8.4(73,9.9)  269+7.7
PNZAE 4.838 -3.173 -2.075 -2.054 —5.246 -6.148 4.207
P18 <0.001 0.002 0.038 0.043 <0.001 <0.001 <0.001
38 LASr(%) LAScd (%) LASct (%) NLR PLR MLR SII SIRI
Agl 3100@40, 2100190, 55,59 55490 179601400, (0.1, 0.6) 780.9(304.2, ¢ (1.1,3.2)

34.0) 24.0) 237.5) 1046.9)
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33.0 (32.0, 23.0 (20.0, 151.7 (112.5, 509.5 (373.5,
y
B 41 38.0) 275) 158+2.1 34+15 Sygy ) 04(03,0.5) P > 15 (11, 2.1
PHZAE  —4.025 ~1.643 -0.965 4.903 ~1.883 ~1.409 -2.972 ~1.612
P 1 <0.001 0.100 0.338 <0.001 0.060 0.159 0.003 0.107

3.3. —JT Logistic E)3A5r 47

LU A JF HFpEF AR R, HHREE I HA g E AR S (LASr. NLR. SIDAYA £ K&
Logistic AR, 459 %7R, LASr. NLR 347FAl JRAEIE ¥ HFpEF HBHSZE2MT K 22 (OR fH 43 AN
0.796. 1.735, P <0.05). U3 3.

Table 3. Binary logistic regression analysis

5% 3. ZJT Logistic BIYIA5T#f

- HLIRZ Logistic [1H 5047 HLIAEK Logistic [B)= 54T
wH OR fH & H: 95% A {5 X [A] P 1A OR fH X H: 95% A {5 X [A] P{H
LASr(%) 0.806 (0.718~0.904) <0.001 0.796 (0.695~0.910) 0.001
NLR 1.801 (1.313~2.470) <0.001 1.735 (1.134~2.653) 0.011
SII 1.002 (1.001~1.004) 0.006 1.001 (0.999~1.003) 0.361

3.4. ROC HiZ& 4

ROC HiZE #7127 R, LASr W44 JR#90E (% HFpEF {2k FIHAL(AUC) N 0.759, Hof S ) f A 48k WL
N 31.50%, BURIEN 55.2%, FFREN 89.7%; NLR {PHZM I AUC N 0.755, XF i EamiE A
3.73, BURFER 74.6%, FEFEN 69.0%, —HELEHALN) AUC N 0.845, Xf R sEAWE S 0.504,
BBURFE R 92.5%, FEREEHN 65.5%. WK 1.

3.5 EEMHE

LASr. LAScd. LASct [7]— W %23 5 il & ICC 437724 0.89. 0.91. 0.88, WL%L5 5] ICC 43724 0.87.
0.82. 0.85, —FHM:RIT.
4. g

TESRFAE R E T, MBS A IRPR(IN LAVIL E/e's TRV 25)%F HFpEF (i WiAEAE RIFR1E . 2R #A'E
W EEE AR A EE A N TAF ORGSR ER, T3 LAVI S350 &, &l
R FH, KAk RS IRThRETUE &) 51 S AR ES AL, EHEFRAR —AE MR, M55
E/e'%t HFpEF IZWi il SE0E: Mok, SAE S @3l /PRSI S5 TR Ve W . PG, 355 405 9 Ee
B BT RH I NI R TR AR, DAF TR #E % HFpEF (SRR . AW 70 B /2481 LASr. NLR
SR e AR PR BT B HFpEF 15 R B R AR H

72 5 NS B R SO OB AR B8, Rt DL SR 5 &7 Tk DhRe I BB VP4, 1 AR M it
FEB s 2 e 22 55 AR bR, B S e Hh S B e o0 [ [ A6 IR A4k B Co VAT AL AR S, FE 2 B A 35 4L
N AR S A R AP K T RE A . AR FTEE B IR, LASr AR JREEAE B HFpEF HIBT AR K
Z(OR=0.796,P=0.001), #&/~ LASr #{X, HFpEF K& m. %45 15 B 70[9] 5 Bl LASr #H#K
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Figure 1. ROC curves of LASr, NLR, and their combination for diagnosing uremic HFpEF
1.LASr. NLR RZEBX&SBIREIE HFpEF B ROC Hi%%

T LAScd. LASct fg 5 BUskHh Bt HFpEF FLUA%F sk DhaefsfG . LASr &R oAt s b B, H
ISR R/ A2 BB T e S WA e A AR B s B B IR . U e s AT IR D REIRRAR, 72 s R R
s OV, AR b R T Tk e 1 e e IR IBSIME N B, L= AU T TE
WM ] B e i N 2, AR b5 T sl sk i, o S B AR A R, SRR
AR . (R, LASr 7& HFpEF FJ-F-H1 iR 5H B S 2GR = .

JREPIE B H KA T ROAEIRAS, X218 B % HFpEF KB 1A% O B A FEHLE] 2 —[10]. JREE
FERE 2R A A AL RO SR AN A R T PR B S L [R) S UG B0 o 1) S PR KPR ST . IR R MR
TR BN MR YA IR, SR OILAF 4tk St Py R Thae ety , B3O LA B ) 2 BhA th
Be s, SRR EIRAYE, FHUCEEFIKIEEREAT[11]. NLR - rEhignfa. #eEgmpses e —
fabr, FIZEE RBWLASE S R P EDRAS . IRERE B RN KRR BT X — P, 33
PRE SRS FFERBE , BEm B NN IS = A, gt SRR 12] [13]. ARFARRIL, IR
JiEfE HFpEF 2 8.3 ) NLR Al SII &2 3 = T A4 (P < 0.01), 1 PLR. MLR. SIRI 7F #i2H (8] G & 3%
EZ5%. ZHRRBASHEE— BN NLR AT ER: R & (OR = 1.735, P <0.05), #%75 NLR Jt7# 5 HFpEF
KRG IN 2R 5%, X SREAERT R 45 A A —3[14]. NLR JhE ERHURME 2R R, et
YA, TR A R D ReBRAG AN ET Sk D RESZ 40, A2 HFpEF R A4 5t .

JREPIEMI AR T SO WA 4EA0 . 9 R DR R J 7r S 87 5K D RE R R, T A s i o
OEREIET SR AEREEY K S ONER, B E IR SR R 5O R WA B2 0 #
e s U WU 98 RE R I AT R A S, mT Jd e bR A2 58 40 i DR 33— 254 e s 0o JULZH PP 2 B0 A8 st A5 15
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R, TR 98 RE 5 O b5 D) RERR RS B EIEER o X PP RIVE AR e s B A SO O = n s, BfEAs
EHMBOER, WS 5 ROIEIR[15]. BT X —REATNEG, AR —SHWET LASr BA
NLR ZWiti Y, H AUC ik 0.845, 2% & T HM{EH LASr (AUC = 0.759)5% NLR (AUC = 0.755), HUX
JErE 92.5%. 1A AL s BURE BcE ORISR BAR, A B T7E IR ERE N & ORI R 1)
HFpEF &%, {Efitysoh B RERS. R, HEEREICH 65.5%, B, H&miZm B A /EE
e B BE M XU, BV AT e 8620 AF HFpEF B R FIABATE . fEIMPRBIH A, AR 57 B v] B EA b
T B A (0 A O SR ) B 0 £ O FR G dH, DR, 206 A AR B S T R O A A
HEBR WS B TH, MAEAE RS . ABFFi LASr. LAScd. LASct (W% N S %<3 1) —
B R, RN S B B A A A AT [FIR, NLR 25 & He bR RV T8
Hkr, #HAEWEE. SRS, JCHIEH T3E IR 5T A BRI IR 5. Bk, LASr B NLR
R 7 R R B £ 8 HFpEF [RUEE:, B B T iRie , AR oA IE R AL T —Fh i . TEfl.
R 2 S BTG TS . L2 ERTIR, AR FCEET 96 B EE T I IR BE B AT RUBUE T, R T
T i AR S H G R SRR bR K 3 BE B FE JREEAE 5 HFpEF I R EAUIANE . A T2 Rk
B, LASr Fl NLR #5249 JREE0E B #% HFpEF MO CHRI 2R, 8 BCA A BAREE R R, (HIEfEmk
92.5%MIBURE, FIENREEE B # HFpEF mfa AFERA RO S TR, B —E MR M E.

RWFFON R A OBEBTE BT, FEARRMXTA R, HAREE R R S5 00, JCIkHiSL LAST.
NLR 5 HFpEF Z [8] [ o6 R S (Al S G 7 . ok, AHEFE B BUREARE(BNPY/N R A& B 24 H] 44
JR(NT-proBNP) &4/ 1k 2k W] B8 5 80 HFpEF ™ S F2 [ 4y 2oy slit, JFrTeesI NigWiffa. /5, NLR
LG RORETRNR 2 Z (WS PELE A 3K D R s i 75 J B FRIRAS (I A 1 UAE BT S0 40 1 45
W BAR) R T, WTRETE— C R 15 KARIE S HFpEF HISCHCHRE . AR Tl 2 dt . RFEA.
RREPERTFC I — D I0AE, JRNN IR BT AR & DAV Al B A AR e vk o

= B
AR O3 L RER K22 M B R SR A SR E S . YX2022-079), A NN %R
PIBBEANERE .
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