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BACKGROUND: Neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio (PLR) are novel inflammation markers.
Their combined usefulness for estimating the prognosis of patients with heart failure with preserved ejection fraction (HFpEF)
admitted for acute decompensated heart failure remains elusive.

METHODS AND RESULTS: We investigated 1026 patients registered in the Prospective Multicenter Observational Study of
Patients with Heart Failure with Preserved Ejection Fraction. Both NLR and PLR values were measured at the time of admis-
sion. Comorbidity burden was defined as the number of occurrences of 8 common comorbidities of HFpEF. The primary end
point was cardiac death. The patients were stratified into 3 groups based on the optimal cut-off values of NLR and PLR on
the receiver operating characteristic curve analysis for predicting cardiac death (low NLR and PLR, either high NLR or PLR,
and both high NLR and PLR). After a median follow-up of 429days, 195 patients died, with 85 of these deaths attributed to
cardiac causes. An increased comorbidity burden was significantly associated with a higher proportion of patients with high
NLR (>4.5) or PLR (>193), or both. High NLR and PLR values were independently associated with cardiac death, and a com-
bination of both values was the strongest predictor (hazard ratio, 2.66 [95% CI, 1.51-4.70], P=0.0008). A significant difference
was found in the rate of cardiac death among the 3 groups stratified by NLR and PLR values.

CONCLUSIONS: The combination of NLR and PLR is useful for the prediction of postdischarge cardiac death in patients with
acute HFpEF.

REGISTRATION: URL: ClinicalTrials.gov; Unique identifier: UMINO00021831.

Key Words: cardiac death m heart failure with preserved ejection fraction m inflammation ® prognosis

Correspondence to: Shunsuke Tamaki, MD, PhD, Department of Cardiology, Rinku General Medical Center, 2-23 Ourai-kita, Rinku, Izumisano, Osaka 598-
8577, Japan. Email: tamaki-shunsuke@mwec.biglobe.ne.jp

Supplemental Material is available at https://www.ahajournals.org/doi/suppl/10.1161/JAHA.122.026326

For Sources of Funding and Disclosures, see page 12.

© 2022 The Authors. Published on behalf of the American Heart Association, Inc., by Wiley. This is an open access article under the terms of the Creative
Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium, provided the original work is properly cited, the use
is non-commercial and no modifications or adaptations are made.

JAHA is available at: www.ahajournals.org/journal/jaha

J Am Heart Assoc. 2023;12:e026326. DOI: 10.1161/JAHA.122.026326 1


https://orcid.org/0000-0001-5642-3836
mailto:﻿
https://orcid.org/0000-0002-4859-8481
https://orcid.org/0000-0002-0954-4042
https://orcid.org/0000-0001-6645-4185
https://orcid.org/0000-0001-6517-486X
https://orcid.org/0000-0002-6435-7506
https://orcid.org/0000-0001-8276-1505
https://orcid.org/0000-0001-5523-0856
https://orcid.org/0000-0003-1637-4536
https://orcid.org/0000-0003-2284-1970
https://orcid.org/0000-0002-1534-2033
https://orcid.org/0000-0002-5618-4721
https://ClinicalTrials.gov
mailto:tamaki-shunsuke@mwc.biglobe.ne.jp
https://www.ahajournals.org/doi/suppl/10.1161/JAHA.122.026326
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://www.ahajournals.org/journal/jaha

Tamaki et al

CLINICAL PERSPECTIVE

What Is New?

e A higher comorbidity burden was associated
with high neutrophil-to-lymphocyte ratio, high
platelet-to-lymphocyte ratio, or both, possibly
reflecting the systemic inflammation caused by
comorbidities in patients with heart failure with
preserved ejection fraction (HFpEF).

e The combination of high neutrophil-to-
lymphocyte ratio and platelet-to-lymphocyte
ratio was useful for the identification of patients
at risk of cardiac and all-cause death in patients
with HFpEF who were admitted with acute de-
compensated heart failure.

What Are the Clinical Implications?

e Neutrophil-to-lymphocyte ratio and platelet-to-
lymphocyte ratio can help refine the clinical di-
agnosis of HFpEF and select patients at high risk
of poor clinical outcome in patients with HFpEF
admitted for acute decompensated heart failure.

* These biomarkers may help identify the patients
with proinflammatory state who might benefit
from anti-inflammatory therapy in patients with
acute HFpEF.

Nonstandard Abbreviations and Acronyms

ADHF acute decompensated heart failure

E early transmitral flow velocity

e’ early diastolic septal mitral annular
velocity

HFpEF heart failure with preserved ejection
fraction

NLR neutrophil-to-lymphocyte ratio
PLR platelet-to-lymphocyte ratio
PV plasma volume

heart failure (ADHF) is increasing, largely driven

by acute heart failure (HF) with preserved ejection
fraction (HFpEF).! Systemic inflammation resulting from
comorbidities, such as obesity, diabetes, and arterial hy-
pertension, has been postulated to be responsible for
the pathogenesis of myocardial structural and functional
changes in HFpEF.22 Furthermore, specific biomarker
profiles in HFpEF are mainly related to inflammation, sug-
gesting a larger pathophysiological role of inflammation in
patients with HFpEF than in those with HF with reduced
gjection fraction or mildly reduced ejection fraction.*"

The rate of hospitalization for acute decompensated
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Neutrophil-to-lymphocyte ratio (NLR) and platelet-
to-lymphocyte ratio (PLR) are novel, cost-effective,
easily obtainable, and widely available markers of in-
flammation. They are elevated in several comorbidities
of HFpEF, including hypertension, coronary artery dis-
ease, and diabetes.8'° They can also be used for the
risk stratification of patients with HF."-'® Although an
association between inflammation at admission and
poor clinical outcome has already been reported in
patients with ADHF,'"1318.1718 ng information is avail-
able on the combined usefulness of NLR and PLR in
patients with HFpEF admitted for ADHF. In addition,
little is known about the relationship between comor-
bidity burden and the extent of inflammation evaluated
using NLR, PLR, or the combination of NLR and PLR,
in patients with ADHF with HFpEF. Accordingly, we
sought to evaluate the combined usefulness of NLR
and PLR as a predictor of prognosis and the associa-
tion between comorbidity burden and these indices in
patients with ADHF with HFpEF.

METHODS

The authors declare that all supporting data are avail-
able within the article.

Study Patients and Data Collection

PURSUIT-HFpEF (Prospective Multicenter
Observational Study of Patients with Heart Failure
with Preserved Ejection Fraction) is a prospective,
multicenter, observational study in which collaborat-
ing hospitals in the Osaka urban area record clinical,
echocardiographic, and outcome data from patients
with ADHF with preserved left ventricular ejection
fraction (University Hospital Medical Information
Network Clinical Trials Registry ID: UMINO00021831)."°
Consecutive patients with ADHF and preserved ejec-
tion fraction were prospectively registered and agreed
to be followed up for the collection of outcome data.
The anonymized data were transferred to the data
center of Osaka University Hospital for analysis.
Inclusion criteria were acute decompensated HFpEF
diagnosed using the Framingham criteria®® and the fol-
lowing: (1) left ventricular ejection fraction >50% and (2)
NT-proBNP (N-terminal pro-B-type natriuretic peptide)
>400ng/L or brain natriuretic peptide >100ng/L on ad-
mission. Exclusion criteria were age <20years, severe
valvular disease (aortic stenosis, aortic regurgitation,
mitral stenosis, or mitral regurgitation), acute coronary
syndrome on admission, life expectancy of <6 months
because of noncardiac diseases, and previous heart
transplantation. All patients provided written informed
consent for participation in this study. The ethics com-
mittee of each participating hospital approved the
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study protocol. This study conformed to the ethical
guidelines outlined in the Declaration of Helsinki.
Details of the data collection have been described
elsewhere.'® In brief, basic patient characteristics, echo-
cardiography, laboratory tests, and lists of medications
were obtained on admission, at discharge, and 1year
after discharge. In this analysis, echocardiography and
laboratory data obtained at the time of admission were
used. NLR and PLR values at discharge and 1year
after discharge were also obtained. Echocardiography
was performed according to standard techniques using
a commercially available machine, as previously re-
ported.®?" Blood samples were obtained and used to
measure complete blood count—serum levels of so-
dium, creatinine, blood urea nitrogen, NT-proBNP, uric
acid, and albumin—and CRP (C-reactive protein) levels.
NLR and PLR were calculated by dividing the absolute
neutrophil and platelet counts by the absolute lympho-
cyte count using the same blood samples, respectively.
Anemia was defined as a hemoglobin level of <13.0g/dL
in men and <12.0g/dL in women on admission, accord-
ing to the World Health Organization criteria.?? The esti-
mated glomerular filtration rate was calculated using the
modified isotope dilution mass spectrometry traceable
modification of diet in renal disease study equation with a
Japanese coefficient.?® Chronic kidney disease was de-
fined by an estimated glomerular filtration rate of <60mL/
min per 1.73m?2. Comorbidity burden was defined as the
number of occurrences of the following comorbidities:
atrial fibrillation, hypertension, diabetes, coronary artery
disease, chronic kidney disease, chronic obstructive pul-
monary disease, anemia, and obesity (body mass index
>30kg/m?).?* In addition, plasma volume status was cal-
culated as an index of congestion, which was defined as
follows: actual plasma volume (PV) = (1-hematocrit) x
[a+(bxbody weight)] (@=1530 in men and 864 in women,
b=41.0 in men and 47.9 in women); ideal PV=cxbody
weight (c=39 in men and 40 in women); and plasma vol-
ume status =[(actual PV—ideal PV)/ideal PV]x100 (%).%°

End Point and Follow-Up

The primary and secondary end points of this study
were cardiac and all-cause death, respectively. All pa-
tients were followed up after discharge. Survival data
were obtained by dedicated coordinators and inves-
tigators by 1 of the following methods: direct contact
with patients and their physicians at the hospital; in an
outpatient setting, by a telephone interview with the
patient’s families, or by mail. The duration of the follow-
up period was calculated from the day of admission
until the end point.

Statistical Analysis

Data are presented as medians and interquartile
ranges of 25% to 75% for continuous variables and
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as percentages for categorical variables. The Mann—
Whitney U test or the Kruskal-Wallis rank sum test
was used to compare the differences in continuous
variables, with the results being presented as medians
and interquartile ranges. The x? test was used to com-
pare the differences in categorical variables. The pre-
dictive values of NLR and PLR for the end point were
evaluated using receiver operating characteristic curve
analysis, and the results are expressed in terms of the
area under the curve and its 95% CI. Statistical trends
among groups were evaluated with the Cochran—
Armitage trend test. A multivariable logistic regression
model was created to identify clinical characteristics
associated with high NLR or PLR values, in which 19
clinically relevant factors were selected a priori, includ-
ing patient demographics, comorbidities, medical his-
tory, and oral medications, and were simultaneously
forced to enter the model. The prognostic value of
the baseline characteristics and serial NLR and PLR
measurements were assessed using Cox proportional
hazards regression analysis. A multivariate Cox model
for the end points was adjusted for 8 characteristics—
age, sex, hypertension, diabetes, coronary artery dis-
ease, hemoglobin, estimated glomerular filtration rate,
and NT-proBNP level—which were speculated to be
clinically important or were previously demonstrated
to have prognostic significance.?®=2® The NT-proBNP
level was log,, transformed before its inclusion in the
Cox model. The event-free survival rate was calculated
using the Kaplan—-Meier method, and differences in
survival rates were compared among groups using the
log-rank test. The x° test was performed to compare
sensitivity, specificity, positive and negative predictive
values, and predictive accuracy, which meant the pro-
portion of all test results—both positive and negative—
that were correct among the different criteria for
prediction of outcome. Statistical significance was set
at P<0.05. Statistical analysis was performed using
MedCalc statistical software (version 20.026; MedCalc
Software Ltd, Ostend, Belgium).

RESULTS

Among the 1095 consecutive patients admitted from
June 2016 to December 2020 and enrolled in the
PURSUIT-HFpEF study, those with chronic kidney dis-
ease on dialysis (n=17) and missing NLR or PLR data
(n=52) were excluded. Finally, data from 1026 patients
were analyzed in this study.

After a median follow-up of 429days, 195 patients
died; 85 of these deaths were attributed to cardiac
causes (exacerbation of HF, n=51; fatal arrhythmia or
sudden cardiac death, n=10; myocardial infarction,
n=3; and other causes of death, n=21), and 110 were
attributed to noncardiac causes (infection, n=41; cancer,
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n=12; renal failure, n=9; stroke, n=6; and other causes of
death, n=42). Patients with cardiac death had significantly
higher NLR and PLR values on admission than those
without (5.6 [3.5-7.9] versus 3.8 [2.5-6.1], P<0.0001, and
200 [135-301] versus 162 [108-244], P=0.0016, respec-
tively). Receiver operating characteristic curve analysis
revealed that an NLR of 4.5 on admission (area under
the curve, 0.64 [95% ClI, 0.60-0.66, P<0.0001]; sensi-
tivity 65% and specificity 61%) and a PLR of 193 on ad-
mission (area under the curve, 0.60 [95% CI, 0.57-0.63,
P=0.0009]; sensitivity 56% and specificity 62%) were fair
discriminators for cardiac death.

Baseline Characteristics

The baseline characteristics of 1026 patients are sum-
marized in Table 1. The patients were stratified into 3
groups based on the optimal cut-off values of NLR and
PLR on admission on receiver operating characteristic
curve analysis for the detection of cardiac death: (1) low
NLR (£4.5) and PLR (<193) (n=492); (2) either high NLR
(>4.5) or PLR (>193) (n=242); and (3) both high NLR and
PLR (n=292). Patients with high NLR and PLR values
were older and had a higher prevalence of chronic ob-
structive pulmonary disease and anemia. In addition,
left ventricular ejection fraction, early transmitral flow ve-
locity (E), tricuspid regurgitation pressure gradient, pul-
monary artery systolic pressure, plasma volume status,
white blood cell, neutrophil, and platelet counts, and
serum blood urea nitrogen, NT-proBNP, and CRP levels
were higher in patients with both high NLR and PLR.
Systolic blood pressure, lymphocyte count, hemoglobin
level, serum sodium and albumin levels, and estimated
glomerular filtration rate were lower in patients with both
high NLR and PLR. Significant differences were also
found in diastolic blood pressure among the 3 groups.

Comorbidity Burden and Factors
Associated With NLR or PLR

The associations between comorbidity burden and
proportion of patients with high NLR or PLR, and both
high NLR and PLR are shown in Figure 1. Increased
comorbidity burden was significantly associated with
a higher proportion of patients with high NLR or PLR,
and both high NLR and PLR.

Among the 19 clinically relevant factors—patient
demographics, comorbidities, medical history, and
oral medications—diabetes and chronic obstructive
pulmonary disease were independently associated
with high NLR, while female sex and anemia were in-
dependently associated with high PLR (Table 2).

Prognostic Analysis

Multivariate Cox analysis demonstrated that high NLR
and PLR on admission were independently associated
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with cardiac and all-cause death and that their com-
bination was the strongest predictor of cardiac and
all-cause death (Table 3). A significant difference was
noted in the cardiac and all-cause death rates among
the 3 groups stratified by NLR and PLR values on ad-
mission (Figure 2).

Prediction of Cardiac and All-Cause
Death

Prediction of cardiac and all-cause death with NLR
and PLR values on admission is shown in Table 4.
Specificity and predictive accuracy for cardiac and all-
cause death significantly increased by the combination
of high NLR and PLR, whereas sensitivity was signifi-
cantly lower than in high NLR.

CRP Level and Postdischarge Outcomes
Cox analysis for cardiac and all-cause death using CRP
levels on admission is shown in Table 5. Patients were
divided into tertiles based on CRP levels on admission:
first tertile (<0.28 mg/dL), second tertile (0.28-1.22mg/
dL), and third tertile (>1.22 mg/dL). Although CRP levels
in the third tertile were associated with cardiac death
in univariate analysis, multivariate analysis showed no
association between cardiac death and any CRP ter-
tiles. In contrast, both second and third CRP tertiles
were associated with all-cause death in univariate and
multivariate analysis.

Serial NLR and PLR Values and
Postdischarge Outcomes

NLR and PLR values at discharge and 1year after
discharge were obtained in 983 and 580 patients, re-
spectively. NLR and PLR at discharge were 2.3 (1.6-
3.4) and 154 (112-218), respectively, and NLR and PLR
1year after discharge were 2.6 (1.9-3.6) and 139 (99—
191), respectively.

Multivariate Cox analysis demonstrated that the
combination of high NLR and PLR on admission
and at discharge was independently associated with
cardiac and all-cause death (Table 6). Similarly, the
combination of high NLR and PLR on admission and
1year after discharge had a significant association with
cardiac and all-cause death on multivariate analysis.
There was a significant difference in the cardiac and
all-cause death rates between the 2 groups stratified
by serial NLR and PLR values (Figure 3).

DISCUSSION

NLR and PLR values are cost effective and easily
calculated and accessible inflammatory biomarkers
that are associated with the severity and prognosis of
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Table 1.

Baseline Characteristics of the Patients

NLR and PLR Predict Cardiac Death in HFpEF

Either High NLR

Both High NLR

Total Low NLR and PLR or PLR and PLR P value
Characteristics (N=1026) (N=492) (N=242) (N=292)
Age, y 83 (77-87) 82 (77-86) 83 (77-88) 84 (78-89) 0.0053
Female sex 55% 54% 52% 61% 0.1042
Comorbidities
Atrial fibrillation 46% 46% 48% 45% 0.8624
Hypertension 85% 84% 83% 86% 0.7423
Diabetes 32% 30% 34% 34% 0.4003
Dyslipidemia 42% 43% 37% 43% 0.2450
Hyperuricemia 33% 34% 29% 35% 0.2840
Coronary artery disease 17% 18% 15% 19% 0.5255
Chronic kidney disease 39% 37% 40% 43% 0.2718
COPD 8% 6% 7% 1% 0.0835
Anemia 72% 67% 75% 79% 0.0008
Prior HF-related hospitalization 25% 22% 27% 28% 0.1020
Within 6mo 5% 4% 6% 6% 0.4097
Body mass index, kg/m? 24 (21-27) 24 (21-27) 24 (21-27) 24 (21-27) 0.8928
Heart rate, beats/min 82 (67-100) 81 (65-100) 83 (68-100) 84 (70-100) 0.1272
Systolic blood pressure, mmHg 146 (127-169) 150 (129-170) 146 (125-168) 142 (128-163) 0.0385
Diastolic blood pressure, mmHg 79 (66-93) 81 (67-98) 76 (65-91) 78 (66-90) 0.0145
Echocardiographic data
LVEDD, mm 46 (42-50) 46 (42-51) 46 (41-51) 45 (42-49) 0.2053
LVEF, % 62 (57-68) 62 (56-68) 62 (57-68) 64 (58-70) 0.0229
LAD, mm 44 (40-50) 45 (40-50) 44 (40-51) 44 (39-50) 0.8509
E, m/s 0.96 (0.75-1.17) 0.92 (0.72-1.13) 0.96 (0.75-1.20) 1.02 (0.81-1.20) 0.0018
e, m/s 0.059 (0.047-0.073) | 0.058 (0.047-0.071) 0.059 (0.046-0.075) 0.060 (0.047-0.074) 0.6904
E/e’ ratio 16.1 (12.0-20.8) 15.7 (11.4-20.0) 16.2 (11.7-21.5) 16.7 (13.1-22.0) 0.0750
TRPG, mmHg 36 (28-45) 34 (27-43) 35 (29-44) 39 (31-48) <0.0001
PASP, mmHg 44 (34-54) 41 (33-593) 43 (34-53) 46 (39-56) <0.0001
Plasma volume status, % 8.4 (-0.5t0 16.8) 5.4 (-2.4 to 14.0) 10.4 (1.5-18.9) 11.6 (2.7-18.8) <0.0001
Laboratory data
White blood cell, x10%/uL 6.50 (5.10-8.60) 6.10 (4.90-7.70) 6.40 (4.90-9.00) 7.25 (5.65-9.30) <0.0001
Neutrophil, x10%/uL 4.50 (3.28-6.16) 3.92 (2.93-4.94) 4.68 (3.33-7.03) 5.85 (4.38-7.70) <0.0001
Lymphocyte, x10%/uL 112 (0.78-1.562) 1.49 (1.18-2.02) 0.99 (0.80-1.26) 0.71 (0.52-0.89) <0.0001
Platelet, x10%/uL 188 (148-240) 176 (141-218) 184 (136-246) 211 (174-261) <0.0001
NLR 3.9 (2.6-6.3) 2.6 (1.8-3.4) 47 (3.7-6.1) 7.8 (5.9-12.2) <0.0001
PLR 166 (111-247) 117 (85-147) 189 (142-234) 300 (243-425) <0.0001
Hemoglobin, g/dL 11 (10-13) 12 (10-13) 11 (10-12) 11 (9-12) <0.0001
Sodium, mEqg/L 140 (137-142) 141 (138-143) 140 (137-142) 139 (136-142) <0.0001
Creatinine, mg/dL 11 (0.8-1.5) 1.0 (0.8-1.4) 11 (0.8-1.5) 11 (0.8-1.6) 0.0519
BUN, mg/dL 22 (16-31) 21 (16-28) 23 (16-32) 25 (17-36) <0.0001
eGFR, mL/min per 1.73m? 45 (30-59) 45 (33-60) 44 (30-58) 40 (27-57) 0.0056
NT-proBNP, pg/mL 3210 (1698-6218) 2584 (1390-5015) 3583 (2038-6740) 4180 (2403-7550) <0.0001
Uric acid, mg/dL 6.1 (5.1-7.4) 5.9 (5.1-7.9) 6.2 (5.1-7.5) 6.2 (5.0-7.5) 0.6081
Albumin, mg/dL 3.5(3.2-3.8) 3.6 (3.3-3.9) 3.4 (3.1-3.8) 3.4 (3.1-3.7) <0.0001
CRP, mg/dL 0.54 (0.19-2.04) 0.32 (0.11-0.87) 0.93 (0.20-2.92) 112 (0.38-4.31) <0.0001
Oral medications
Loop diuretic 50% 48% 54% 52% 0.2195
(Continued)
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Table 1. Continued

ACE inhibitor/ARB 50% 50% 51% 50% 0.9472
B-blocker 46% 45% 46% 47% 0.8923
Aldosterone antagonist 21% 21% 20% 23% 0.7322
SGLT2 inhibitor 2% 2% 2% 1% 0.8881
Statin 30% 31% 28% 30% 0.7380

Values are presented as median (interquartile range) or %. High NLR, NLR>4.5; low NLR, NLR <4.5; high PLR, PLR>193; low PLR, PLR <193. ACE indicates
angiotensin-converting enzyme; ARB, angiotensin Il type 1 receptor blocker; BUN, blood urea nitrogen; COPD, chronic obstructive pulmonary disease; CRP, C-
reactive protein; E, early transmitral flow velocity; €', septal mitral annular early diastolic velocity; eGFR, estimated glomerular filtration rate; HF, heart failure; LAD,
left atrial dimension; LVEDD, left ventricular end-diastolic dimension; LVEF, left ventricular ejection fraction; NLR, neutrophil-to-lymphocyte ratio; NT-proBNP,
N-terminal pro-B-type natriuretic peptide; PASP, pulmonary artery systolic pressure; PLR, platelet-to-lymphocyte ratio; SGLT2, sodium-glucose cotransporter

type 2; and TRPG, tricuspid regurgitation pressure gradient.

numerous cardiac and noncardiac diseases.8-10:29-31
An elevated NLR indicates an imbalance between
the innate and acquired immune response and an in-
creased PLR indicates inflammation and platelet acti-
vation. In this study, a higher comorbidity burden was
associated with high NLR or PLR, or both, possibly re-
flecting the systemic inflammation induced by comor-
bidities, which can cause myocardial structural and
functional damage in HFpEF. Moreover, high NLR and
PLR were associated with a higher risk of not only car-
diac death but also all-cause death. The combination
of high NLR and PLR was also useful for identifying
patients at risk of both end points. To the best of our

knowledge, this study is the first to demonstrate the
association between comorbidity burden and NLR and
PLR and their combined usefulness for the prognosti-
cation of patients with ADHF with HFpEF. Furthermore,
our results also indicated that the serial evaluation of
NLR and PLR has clinical value for the prognostication
of patients with ADHF with HFpEF.

The current paradigm on the underlying patho-
physiology of HFpEF suggests that a systemic proin-
flammatory state driven by a plethora of comorbidities
causes coronary microvascular endothelial inflamma-
tion. This inflammation is responsible for the stiffening
of cardiomyocytes and interstitial fibrosis, leading to

ST

Pfor trend=0'0033

;

Pfor trend=0'031 1

High NLR and
High PLR

Pfor trend=0'0095

50

50

% Patients

40

0 1 2 3 4 5 65

Comorbidity Burden (Number of Comorbidities)

Figure 1. Association of comorbidity burden with NLR, PLR, and the combination of NLR and PLR.
Association between comorbidity burden and the proportions of patients with high NLR (>4.5) (A), high PLR (>193) (B), or both high
NLR and PLR (C). NLR indicates neutrophil-to-lymphocyte ratio; and PLR, platelet-to-lymphocyte ratio.
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Table 2. Factors Associated With High NLR or High PLR by Logistic Regression Analysis

Age >80y 1.22 (0.92-1.62) 0.1624 1.29 (0.97-1.73) 0.0829
Female sex 1.09 (0.83-1.43) 0.56237 1.57 (1.19-2.07) 0.0013
Atrial fibrillation 0.93 (0.72-1.21) 0.5982 1.05 (0.81-1.37) 0.7107
Hypertension 1.08 (0.74-1.58) 0.6754 0.99 (0.68-1.44) 0.9417
Diabetes 1.38 (1.03-1.84) 0.0289 1.10 (0.82-1.48) 0.5249
Dyslipidemia 0.84 (0.60-1.18) 0.3221 111 (0.79-1.57) 0.56384
Hyperuricemia 1.22 (0.91-1.63) 0.1791 0.75 (0.56-1.02) 0.0627
Coronary artery disease 1.01 (0.71-1.43) 0.9618 1.00 (0.70-1.44) 0.9929
Chronic kidney disease 1.09 (0.82-1.44) 0.5605 1.07 (0.80-1.43) 0.6402
COPD 1.65 (1.02-2.67) 0.0396 1.62 (0.99-2.64) 0.0530
Anemia 1.26 (0.94-1.71) 0.1234 1.92 (1.40-2.62) <0.0001
Prior HF-related 118 (0.86-1.63) 0.3013 1.20 (0.87-1.66) 0.2771
hospitalization

Body mass index >30kg/m? 112 (0.74-1.68) 0.6024 1.09 (0.71-1.67) 0.6820
Loop diuretic 0.85 (0.63-1.15) 0.2929 1.22 (0.90-1.64) 0.1996
ACE inhibitor/ARB 0.99 (0.76-1.29) 0.9376 0.96 (0.74-1.26) 0.7888
B-blocker 0.95 (0.73-1.23) 0.6876 110 (0.84-1.44) 0.5082
Aldosterone antagonist 1.12 (0.81-1.56) 0.4968 0.90 (0.64-1.26) 0.5397
SGLT2 inhibitor 0.79 (0.29-2.17) 0.6432 0.74 (0.25-2.26) 0.6030
Statin 112 (0.79-1.59) 0.56343 0.70 (0.49-1.01) 0.0584

High NLR, NLR>4.5; high PLR, PLR>193. ACE indicates angiotensin-converting enzyme; ARB, angiotensin Il type 1 receptor blocker; COPD, chronic
obstructive pulmonary disease; HF, heart failure; NLR, neutrophil-to-lymphocyte ratio; OR, odds ratio; PLR, platelet-to-lymphocyte ratio; and SGLT2, sodium-

glucose cotransporter type 2.

cardiac stiffening and increased left ventricular filling
pressure.®® Biomarkers in HFpEF are predominantly

associated with

inflammation.*% Furthermore, the

unique biomarker profiles in HFpEF are mainly re-
lated to inflammation compared with the other HF
subtypes, which implies its larger pathophysiological

Table 3. Cox Proportional Hazard Analysis for Cardiac and All-Cause Death Using NLR and PLR Values on Admission

Cardiac death

High NLR 2.78 (1.78-4.35) | <0.0001 2.49 (1.51-4.10) | 0.0003

High PLR 212 (1.38-3.26) | 0.0006 1.76 (1.09-2.84) | 0.0215

Low NLR and Low PLR | Reference Reference

Either High NLR or High | 1.55 (0.85-2.83) | 0.1536 1.30 (0.66-2.53) | 0.4465

PLR

High NLR and High PLR | 3.23 (1.96-5.34) | <0.0001 2.66 (1.51-4.70) | 0.0008
All-cause death

High NLR 1.97 (1.48-2.61) | <0.0001 1.75 (1.27-2.42) | 0.0006

High PLR 1.83(1.38-2.42) | <0.0001 1.47 (1.06-2.03) | 0.0198

Low NLR and Low PLR | Reference Reference
Either High NLR or High 1.34 (0.92-1.96) | 0.1316 110 (0.72-1.69) | 0.6532
PLR

High NLR and High PLR | 2.35 (1.70-3.24) | <0.0001 1.90 (1.31-2.76) | 0.0007

HR indicates hazard ratio; NLR, neutrophil-to-lymphocyte ratio; and PLR, platelet-to-lymphocyte ratio.

*Multivariate models were adjusted for age, sex, hypertension, diabetes, coronary artery disease, hemoglobin, estimated glomerular filtration rate, and N-
terminal pro-B-type natriuretic peptide level. High NLR, NLR>4.5; low NLR, NLR <4.5; high PLR, PLR>193; low PLR, PLR <193. Model 1 included high NLR;
Model 2, high PLR; Model 3, the groups stratified by NLR and PLR values.

J Am Heart Assoc. 2023;12:e026326. DOI: 10.1161/JAHA.122.026326 7



Tamaki et al NLR and PLR Predict Cardiac Death in HFpEF
A B C
(]
=]
©
L
Q
o
S
by
£ L
8 50 50 50
T 40-_ Log-rank P<0.0001 40+ Log-rank P=0.0004 40F Log-rank P<0.0001
3} L L L
S 30 30} 30
© ~— LowNLR ' = LowPLR I~ LowNLRand Low PLR
S [ — HighNLR 20— High PLR 20— Either High NLR or High PLR
10 101 10 — High NLR and High PLR
or 1 1 ! o 1 1 ! on I 1 1
0 500 1000 1500 0 500 1000 1500 0 500 1000 1500
Days of follow-up
Number at risk Number at risk Number at risk
— 603 289 127 2 — 623 291 128 1 — 492 230 103 1
— 423 185 72 0 — 403 183 7 1 — 242 120 49 1
— 292 124 47 0
D E F
(%) (%)

100,
20 -
80 -
70 -
60 -

50

All-cause death-free rate

40 40
Log-rank P<0.0001 - Log-rank P<0.0001 t  Log-rank P<0.0001
30 301 301
[ — [ — = Low NLR Low PLR
20| Low NLR 20k Low NLR 20k <.)w | and Low :
r —— High NLR [ = High NLR — Either High NLR or High PLR
Uy 101 10T — High NLR and High PLR
of 1 1 1 o 1 1 1 of, 1 1 1
0 500 1000 1500 0 500 1000 1500 0 500 1000 1500
Days of follow-up
Number at risk Number at risk Number at risk
— 603 289 127 2 —623 291 128 1 — 492 230 103 1
— 423 185 72 0 — 403 183 7 1 — 242 120 49 1
— 292 124 47 0

Figure 2. Kaplan-Meier estimates stratified by NLR, PLR, and the combination of NLR and PLR.

Kaplan—-Meier estimates of freedom from cardiac death stratified by NLR (A), PLR (B), and NLR and PLR (C), and all-cause death
stratified by NLR (D), PLR (E), and NLR and PLR (F). High NLR, NLR>4.5; low NLR, NLR <4.5; high PLR, PLR>193; low PLR, PLR<193.
NLR indicates neutrophil-to-lymphocyte ratio; and PLR, platelet-to-lymphocyte ratio.

role in patients with HFpEF than in patients with heart
failure with reduced ejection fraction or heart failure
with mildly reduced ejection fraction.®” Considering
the prominent pathophysiological and prognostic role
of inflammation in patients with ADHF,'"'® identifying

J Am Heart Assoc. 2023;12:e026326. DOI: 10.1161/JAHA.122.026326

patients in comorbidity burden-induced inflammatory
states and at risk of poor clinical outcomes in acute
HFpEF seems particularly important.® Although sev-
eral biomarkers, such as pentraxin-3 and receptor for
advanced glycation end product, are specific markers
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Table 4. Prediction of Cardiac Death and All-Cause Death Using a Combination of NLR and PLR Values on Admission

High NLR High PLR High NLR and High PLR
Cardiac death
Sensitivity, % 65 (55/85) 56 (48/85) 49* (42/85)
Specificity, % 61 (573/941) 62 (586/941) 731 (691/941)
Positive predictive value, % 13 (65/423) 2 (48/403) 14 (42/292)
Negative predictive value, % 95 (573/603) 4 (586/623) 94 (691/734)
Predictive accuracy, % 61 (628/1026) 2 (634/1026) 711 (733/1026)
All-cause death
Sensitivity, % 6 (110/195) 3 (103/195) 43* (84/195)
Specificity, % 62 (518/831) 4 (5631/831) 751 (623/831)
Positive predictive value, % 26 (110/423) 26 (103/403) 29 (84/292)
Negative predictive value, % 86 (518/603) 5 (5631/623) 85 (623/734)
Predictive accuracy, % 61 (628/1026) 2 (634/1026) 698 (707/1026)

The numbers in parentheses are patient numbers. High NLR, NLR>4.5; high PLR, PLR>193. NLR indicates neutrophil-to-lymphocyte ratio; and PLR, platelet-

to-lymphocyte ratio.
*P<0.05 vs high NLR.
P<0.0001 vs high NLR and high PLR.
#P<0.01 vs high NLR.
$P<0.001 vs high NLR and high PLR.

of the inflammatory pathway in patients with acute
HFpEF,® they are not available in daily clinical practice.
NLR and PLR indices are advantageous in that they
are widely available and cost-effective biomarkers and
do not require specialized equipment for measure-
ment. Moreover, NLR and PLR values are less likely
to be influenced by several physiological conditions,
such as dehydration and exercise, which may affect
the absolute numbers of neutrophils, platelets, and
lymphocytes.?®

A previous report showed that plasma CRP levels
progressively increased with the increasing number of
comorbidities in individual patients with HFpEF.?* In ad-
dition, circulating inflammatory biomarkers mediate the
association between comorbidity burden and echocar-
diographic parameters of poor left ventricular diastolic
function, including increased E velocity, its ratio to early
diastolic septal mitral annular velocity (€'), and tricuspid

regurgitation velocity.3? In line with these findings, we
observed a significant association between comorbid-
ity burden and a higher proportion of patients with high
NLR and PLR. Moreover, E velocity, tricuspid regurgi-
tation pressure gradient, and pulmonary artery systolic
pressure were higher in patients with high NLR and
PLR, although no significant difference was found in
the E/e’ ratio among the groups. An increased plasma
volume status in patients with high NLR and PLR might
have reflected the systemic and pulmonary congestion
caused by cardiac diastolic dysfunction.?® Previous
reports have shown the utility of NLR or PLR indices
for risk stratification of patients with chronic HF.'>'4.16
Several studies have also demonstrated the prognostic
values of NLR and PLR in patients with ADHF, although
most of them included not only patients with HFpEF
but also those with heart failure with reduced ejection
fraction and heart failure with mildly reduced ejection

Table 5. Cox Proportional Hazard Analysis for Cardiac Death and All-Cause Death Using Admission CRP tertiles

Univariate analysis Multivariate analysis*
HR (95% CI) P value HR (95% CI) P value
Cardiac death
First tertile Reference Reference
Second tertile 1.29 (0.72-2.29) 0.3947 1.54 (0.82-2.90) 01794
Third tertile 1.99 (1.16-3.43) 0.0126 1.70 (0.95-3.05) 0.0747
All-cause death
First tertile Reference Reference
Second tertile 1.63 (1.11-2.39) 0.0119 1.88 (1.23-2.86) 0.0035
Third tertile 2.02 (1.39-2.94) 0.0002 1.62 (1.07-2.45) 0.0229

*Multivariate models were adjusted for age, sex, hypertension, diabetes, coronary artery disease, hemoglobin, estimated glomerular filtration rate, and N-
terminal pro-B-type natriuretic peptide level. CRP indicates C-reactive protein; and HR, hazard ratio.
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Table 6. Cox Proportional Hazard Analysis for Cardiac and All-Cause Death Using Serial NLR and PLR Values

Univariate analysis Multivariate analysis*
HR (95% ClI) P value HR (95% ClI) P value
Cardiac death
High NLR and PLR on admission and at discharge 2.76 (1.38-5.54) 0.0043 2.71 (1.33-5.53) 0.0061
High NLR and PLR on admission and 1year after discharge 3.66 (1.41-9.52) 0.0079 4.10 (1.41-11.88) 0.0094
All-cause death
High NLR and PLR on admission and at discharge 2.56 (1.58-4.12) 0.0001 2.43 (1.46-4.06) 0.0007
High NLR and PLR on admission and 1year after discharge 2.74 (1.36-5.53) 0.0047 2.55 (1.10-5.94) 0.0298

HR indicates hazard ratio; NLR, neutrophil-to-lymphocyte ratio; and PLR, platelet-to-lymphocyte ratio.
*Multivariate models were adjusted for age, sex, hypertension, diabetes, coronary artery disease, hemoglobin, estimated glomerular filtration rate, and N-
terminal pro-B-type natriuretic peptide level. High NLR, NLR>4.5; high PLR, PLR>193.

fraction, used relatively old databases, or were per-
formed in small cohorts of patients."'®'S Our findings
expand on these earlier reports by not only demon-
strating the association between comorbidity burden
and NLR and PLR but also the prognostic value of the
combination of NLR and PLR in a large contemporary
cohort of patients with ADHF with HFpEF. In this studly,
we could not find any significant association between
the risk of cardiac death and high CRP levels in multivar-
iate Cox analysis, although higher tertiles of CRP levels
were associated with all-cause death, suggesting that
the prognostic value of the combined use of NLR and
PLR for cardiac death would be higher than CRP. This
discrepancy between our result and that from previous
reports may be because we did not exclude patients
with severe infection, considering that the prognostic
impact of CRP in patients with ADHF is weakened by
the presence of an infectious complication.3?

The precise mechanisms responsible for the in-
crease in NLR and PLR in patients with HF are not
fully understood; however, an increase in neutrophil
and platelets because of systemic inflammation, and
lymphopenia caused by elevated cytokines,3* splanch-
nic congestion,®® and increased endogenous cortisol
and sympathetic tone,3%3" seem to play a role. A sig-
nificant association has recently been reported be-
tween NLR and coronary microvascular dysfunction
in patients with type 2 diabetes.®® In contrast, platelet
activation is a biological process unique to HFpEF.”
Moreover, our results have shown that high NLR and
PLR have strong associations with diabetes, chronic
obstructive pulmonary disease, and anemia, all of
which are well-known noncardiac comorbidities that
are prevalent and have strong prognostic impact, es-
pecially in patients with HFpEF.3® Considering these,
the combination of NLR and PLR may be suitable for
the evaluation of a proinflammatory state induced by
comorbidities, which characterize the pathophysiol-
ogy of HFpEF. Independently associated factors were
different between high NLR and PLR, suggesting that
the inflammatory response reflected by NLR is different
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from that by PLR. This may explain the significant im-
provement of predictive accuracy for cardiac and all-
cause death by NLR and PLR combination.

Recently, we reported that the high-density lipopro-
tein cholesterol to CRP ratio on admission is a sim-
ple and useful biomarker for the prediction of clinical
outcomes in patients with HFpEF admitted for ADHF.°
In this study, we demonstrated that the combination
of NLR and PLR is another potential candidate for a
simple inflammatory marker that can be used for the
risk stratification of patients with ADHF with HFpEF.
Inflammatory biomarkers can help refine the clinical
diagnosis of HFpEF and select patients at high risk.
Furthermore, HFpEF is a highly heterogeneous syn-
drome with numerous underlying causes and patho-
physiological abnormalities. Patients with acute HFpEF
can be divided into several phenotypes with distinct
characteristics and clinical outcomes.*'*? Prognostic
infammatory biomarkers may help identify the phe-
nogroup of patients with proinflammatory state and
provide appropriate and inflammatory phenotype-
specific therapies in acute HFpEF.*3

This study has a few limitations. First, the empirically
chosen sample size and relatively short follow-up pe-
riod are major limitations. Second, because this study
utilized a multicenter prospective East-Asian HFpEF
registry, possible ethnic differences should be con-
sidered when attempting to generalize the results to
non-Japanese populations. Third, because we lacked
detailed data on the biomarker profiles of the study pa-
tients, an investigation on the association and compar-
ison of prognostic values among NLR, PLR, and other
biomarkers of inflammation, myocyte stress, or fibrosis,
which were measured in previous reports,*” was not
performed. Although the predictive accuracy for car-
diac and all-cause death was significantly improved by
the combination of NLR and PLR, its sensitivity was rel-
atively lower, and area under the curve for the predic-
tion of the end point was not significantly improved by
the combination of NLR and PLR (data not shown). In
addition, sensitivity and specificity of high NLR and PLR
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Figure 3. Kaplan-Meier estimates stratified by serial NLR and PLR values.
Kaplan—-Meier estimates of freedom from cardiac death stratified by the presence of a combination of
persistent high NLR (>4.5) and PLR (>193) values on admission and discharge (A) and on admission and
1year after discharge (B), and all-cause death stratified by the presence of a combination of persistent
high NLR and PLR values on admission and discharge (C) and on admission and 1year after discharge
(D). NLR indicates neutrophil-to-lymphocyte ratio; and PLR, platelet-to-lymphocyte ratio.
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for the prediction of cardiac and all-cause death were
not high enough. Therefore, NLR and PLR might not be
sufficient to represent several inflammatory pathways
that are involved in the heterogeneous pathophysiology
of HFpEF.2? Analysis using detailed biomarker profiles
would be needed to elucidate this point. Fourth, we did
not exclude patients with concomitant infection, can-
cer, and chronic systemic inflammatory disorders such
as autoimmune diseases and asthma, which may in-
fluence the interpretation of the results and might have
caused relatively low specificity of high NLR and PLR
for the prediction of cardiac and all-cause death in this
study. Fifth, because we included only the patients with
HFpEF, the prognostic value of the combination of NLR
and PLR in patients with ADHF with heart failure with
reduced ejection fraction or heart failure with mildly re-
duced ejection fraction remains unknown. Finally, be-
cause of the observational nature of this study, whether
NLR and PLR are merely markers of disease severity
or therapeutic targets remains unknown. Furthermore,
the question of whether patient management using the
combination of NLR and PLR leads to better prognosis
in patients with acute HFpEF should be addressed in
future studies.

In conclusion, this prospective multicenter East-
Asian HFpEF registry showed that the combination
of NLR and PLR values is useful for the prediction of
postdischarge outcomes in patients with HFpEF ad-
mitted for ADHF. Further investigation is warranted to
confirm our results and improve our understanding of
the pathophysiological significance of inflammation in
patients with ADHF with HFpEF.
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