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Abstract

Background: Heart failure with preserved ejection fraction (HFpEF) is recognized as an aging-related clinical syndrome with high
mortality, from which systemic inflammation could represent a primary culprit. Thus, this study aimed to evaluate the association between
the lymphocyte-to-monocyte ratio (LMR), a systemic inflammation marker, and clinical outcomes, and to explore the mediation effect
of the LMR in the relationship between age and mortality for HFpEF. Methods: Participants in the Real-world Data of Cardiometabolic
ProtEcTion trial (RED-CARPET) trial were categorized into tertiles based on the recorded LMRs. We employed Cox regression analyses
to explore the relationship between the LMR and mortality, as well as mediation analyses to determine whether the LMR serves as a
mediator between aging and mortality. Results: A total of 1274 inpatients with HFpEF were enrolled between May 2015 and December
2023. After a median follow-up period of 4.9 years, there were 166 recorded deaths, of which 82 were due to cardiovascular causes. In
the third model, each one-unit increase in standard deviation (SD) for age was correlated with a 1.98-fold increase in the risk of overall
mortality (95% confidence interval (CI), 1.66-2.35) and a 1.73-fold increase in the risk of death due to cardiovascular disease (95%
CI, 1.36-2.21). Compared to patients in the first tertile of the LMR, those in the third tertile exhibited a lower risk of death (hazard
ratio (HR) 0.42; 95% CI (0.27-0.65)) and cardiovascular death (HR 0.23; 95% CI (0.12-0.46)). Mediation analyses indicated that the
LMR partially mediated the relationship between age and cardiovascular mortality in patients with HFpEF, with a mediation proportion of
17.9% (95% CI (7.2%-36%); p < 0.001). Conclusions: The LMR may serve as a marker for mortality and is implicated in the mediation
of age-related cardiovascular death in patients with HFpEF. This study offers a cost-effective predictor for HFpEF and suggests potential
mechanisms related to immunosenescence and inflammation-related aging (inflamm-aging).
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1. Introduction proinflammatory monocyte recruitment have been identi-
fied as important links [7,10—13]. Inflammation might
enhance the risk of major adverse cardiovascular events
in a hyperlipidemia-independent way [14,15]. HFpEF is
distinguished by a persistent inflammatory state that in-
volves lymphocytes and monocytes/macrophages [16-20].
The lymphocyte-to-monocyte ratio (LMR) is considered a
systemic inflammatory marker; meanwhile, studies on the
prognostic value of the LMR, derived from the blood rou-
tine, for mortality in patients with HFpEF are limited. Fur-
thermore, to our knowledge, studies have yet to investigate
whether the LMR has a mediating effect in relationships be-
tween age and unfavorable outcomes among patients with
HFpEF.

One out of 10 people older than 40 develops heart fail-
ure with preserved ejection fraction (HFpEF) worldwide,
which results in substantial morbidity and mortality [1-3].
Studies from large cohorts suggested that patients with HF-
pEF had a 5-year mortality of 75.7%. Meanwhile, patients
aged >85 years had a 6-fold higher risk of death compared
with patients aged <55 years [2,4]. Immune system de-
cline with age is designated as immunosenescence, charac-
terized by a decreased capacity to surveil and clear senes-
cent cells, alongside elevated levels of cytokines. This
phenomenon is commonly referred to as inflammation-
related aging (inflamm-aging) [5—9]. Low-grade systemic
and local inflammation, impaired lymphocytopoiesis, and
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Thus, this study primarily aimed to provide clinical
evidence that systemic inflammation constitutes one of the
important mechanisms linking aging to poor prognosis from
HFpEF. Moreover, this study aimed to investigate the role
of systemic inflammation in this relationship, to understand
the aging mechanism, and identify a target for clinical in-
terventions. Therefore, we utilized data from the RED-
CARPET trial (Real-world Data of Cardiometabolic Pro-
tEcTion trial, ChiCTR2000039901) to evaluate the relation-
ship between the LMR and mortality. Additionally, we
aimed to determine whether the LMR serves as a mediat-
ing factor between age and adverse clinical outcomes in pa-
tients with HFpEF.

2. Materials and Methods
2.1 Study Design and Participants

This research utilized data from the RED-CARPET
trial, a real-world study conducted by the Department of
Cardiology at the First Affiliated Hospital of Sun Yat-sen
University. The trial aimed to assess the relationships be-
tween risk factors for cardiometabolic diseases and clinical
outcomes and has been registered with the Chinese Clini-
cal Trials Registry (ChiCTR2000039901). This study en-
rolled 2448 inpatients with heart failure (HF) who had at
least one ultrasound cardiogram (UCG) measurement and
documented clinical outcomes. The data were collected
between May 2015 and December 2023 at the Department
of Cardiology, the First Affiliated Hospital of Sun Yat-sen
University.

Inclusion criteria included: (1) aged over 18 years; (2)
diagnosis of heart failure; (3) at least one UCG measure-
ment; (4) availability of clinical outcomes. Exclusion cri-
teria included: (1) missing left ventricular ejection fraction
(LVEF) or LVEF less than 45% (n = 631); (2) absence of
baseline covariates (n = 498), including missing smoking
history (n = 48), incomplete blood routine data (n = 384),
and missing N terminal pro-B-type natriuretic peptide (NT-
proBNP)/BNP data (n = 66); (3) presence of severe valvular
disease (n = 45).

A total of 1274 eligible patients diagnosed with HF-
pEF were included (refer to Supplementary Fig. 1).
This research was conducted based on the Declaration of
Helsinki and approved by the Ethics Review Board of the
First Affiliated Hospital of Sun Yat-sen University. Clini-
cal data were collected through electronic medical records,
while mortality information was obtained from the official
death registration system and via follow-up telephone calls.

2.2 Data Definitions and Collections

Clinical records included data on age, gender, and self-
reported medical history of cardiovascular disease (CVD),
atrial fibrillation (AF), hypertension, diabetes, and smoking
status, which were subsequently verified by medical staff
through examination of medical records, imaging studies,
and laboratory tests.

Blood pressure measurements (systolic and diastolic)
were recorded in a seated position, with an average of
three readings. Anthropometric measurements were con-
ducted by medical personnel, with height measured using
a tape measure and weight measured by calibrated scales.
Body mass index (BMI) was computed by dividing weight
(in kg) by height squared (in m?). Smoking status was
grouped as never smoked or former/current smoker. Blood
samples were collected after an overnight fast of 8 to 12
hours. Laboratory analyses for parameters such as Gly-
cated Hemoglobin Alc (HbAlc), BNP/NT-proBNP, serum
creatinine, low-density lipoprotein cholesterol (LDL-c), to-
tal cholesterol (TC), high-density lipoprotein cholesterol
(HDL-c), and triglyceride (TG) levels were performed us-
ing standard techniques. The LMR was calculated by di-
viding the lymphocyte count by the monocyte count. The
platelet-to-lymphocyte ratio (PLR) was computed by di-
viding the platelet count by the lymphocyte count. The
neutrophil-to-lymphocyte ratio (NLR) was obtained by di-
viding the neutrophil count by the lymphocyte count. The
systemic inflammatory index (SII) was calculated using the
formula (neutrophil x platelet)/lymphocyte. Transthoracic
echocardiography was conducted using ultrasound equip-
ment based on the guidelines of the American Society of
Echocardiography [21]. A LVEF of at least 45% was de-
fined as preserved ejection fraction [22].

2.3 Outcomes

The primary endpoint was designated as overall mor-
tality. The secondary endpoint focused on cardiovascular
mortality. Data on outcomes were collected from the death
registration system and through follow-up telephone calls.
The duration of follow-up was calculated as the time be-
tween the admission date and either the date of death or the
last follow-up. The follow-up period concluded in Decem-
ber 2023.

2.4 Statistical Analysis

Baseline characteristics are presented as proportions
and frequencies for the categorical variables, while contin-
uous variables are presented as the median with interquar-
tile ranges (IQR) for non-normally distributed data or as the
mean + standard deviation (SD) for normally distributed
data. Categorical variables are reported as counts and
percentages. Participants were divided into tertiles based
on the calculated LMR. To compare differences among
groups for continuous variables, one-way analysis of vari-
ance (ANOVA) or the Kruskal-Wallis test was employed.
For categorical variables, the Pearson chi-square test was
used as appropriate. NT-proBNP and the SII were ana-
lyzed after logarithmic transformation [log (NT-proBNP),
log (SII)]. Linear regression was conducted to assess the
relationships between age and the LMR, NLR, PLR, and
log (SII) using Pearson’s correlation test.
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Table 1. Baseline characteristics of HFpEF.

. HFpEF Tertile 1 Tertile 2 Tertile 3
Variables p-value
(n=1274) (n=418) (n=434) (n=422)
Age, years 66.20 (10.72) 67.79 (11.20) 66.68 (10.74) 64.14 (9.86) <0.001
Male, % (n) 66.1% (842) 75.1% (314) 68.0% (295) 55.20% (233) <0.001
BMI, kg/m? 24.26 (3.41) 23.66 (3.40) 24.68 (3.51) 24.72 (3.23) <0.001
SBP, mmHg 133.68 (20.59) 135.24 (21.66) 134.38 (20.56) 131.41 (19.34) 0.018
CVD history, % (n) 85.6% (1091) 83.0% (347) 85.7% (372) 88.2% (372) 0.105
AF history, % (n) 7.5% (95) 11.5% (48) 6.5% (28) 4.5% (19) <0.001
Smoking, % (n) 40.2% (512) 42.3% (177) 44.7% (194) 33.4% (141) 0.002
LDL, mmol/L 2.67 (0.87) 2.56 (0.84) 2.66 (0.83) 2.80 (0.84) 0.001
HbAlc, % 6.00 (1.20) 6.38 (1.28) 6.43 (1.31) 6.40 (1.29) 0.869
Serum creatinine, pmol/L 82 (68, 102) 91 (74, 120) 81 (68, 99) 77 (65, 90) <0.001
Log (NT-proBNP) 1.67(0.79,1.81)  1.70(0.71,1.80)  1.67 (0.79, 1.81)  0.96 (0.78, 1.80) 0.180
Death, % (n) 13.0% (166) 20.8% (87) 11.1% (48) 7.3% (31) <0.001
Cardiovascular death 6.4% (82) 11.7% (49) 5.1% (22) 2.6% (11) <0.001

Continuous variables such as age, BMI, SBP, LDL-c, and HbAlc are expressed as the mean (SD). In contrast, continu-

ous variables, such as creatinine and log(NT-proBNP) are shown as the median (interquartile range, IQR). Categorical

variables are reported as counts and percentages. HFpEF, heart failure with preserved ejection fraction; BMI, body mass

index; SBP, systolic blood pressure; CVD, cardiovascular disease; AF, atrial fibrillation; LDL-c, low-density lipoprotein

cholesterol; NT-proBNP, N terminal pro-B-type natriuretic peptide; NLR, neutrophil to lymphocyte ratio; PLR, platelet

to lymphocyte ratio; LMR, lymphocyte to monocyte ratio; SII, systemic inflammatory index; SD, standard deviation;

IQR, interquartile range.

The Kaplan-Meier method was implemented to illus-
trate the survival rates excluding all-cause mortality and
cardiovascular mortality. The relationships between the
LMR and all-cause mortality or cardiovascular death were
depicted using spline curves. We utilized three multivari-
able Cox regression models to adjust for potential con-
founders affecting outcomes: the first model was unad-
justed; the second model adjusted for age (continuous),
gender (male/female), and BMI (continuous); the third
model further adjusted for CVD history (yes/no), AF his-
tory (yes/no), systolic blood pressure (SBP, continuous),
HbA1c (continuous), serum creatinine (continuous), LDL-c
(continuous), log(NT-proBNP) (continuous), and smoking
status (current/former or never).

Mediation analyses were performed using the Stata
package “medeff” and the R package “mediation” to evalu-
ate the mediating roles of the LMR, NLR, PLR, and log(SII)
in the relationship between age and the prognosis of HF-
pEF. Sensitivity analysis for mediation was conducted us-
ing the “medsens” package in Stata. Partial mediation was
defined as a situation where both the total and indirect ef-
fects were statistically significant. Statistical analyses were
performed using SPSS 26.0 (IBM, Armonk, NY, USA),
Stata 16.0 (Stata Corp LLC, College Station, TX, USA),
and R version 4.2.1 (R Foundation for Statistical Comput-
ing, Vienna, Austria). A two-sided p-value of less than 0.05
was considered statistically significant.
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3. Result
3.1 Baseline Features

The final sample comprised 1274 inpatients diagnosed
with HFpEF (Supplementary Fig. 1). Among these pa-
tients, 66.1% were male, with a mean age of 66.20 4+ 10.72
years and an average BMI of 24.26 4 3.41 kg/m? (Table 1).
The participants were divided into tertiles based on their
baseline LMR: tertile 1 (<2.62), tertile 2 (2.62-3.94), and
tertile 3 (>3.94). As demonstrated in Table 1, patients in
the first tertile had an advanced age, a higher proportion of
males, and exhibited elevated levels of BNP or NT-proBNP
(all p < 0.001). With a median follow-up period of 4.9
years, those in tertile one experienced the highest rate of all-
cause mortality at 20.8%. In contrast, the mortality rates for
tertiles two and three were 11.1% and 7.3%, respectively (p
< 0.001). A similar trend was observed for cardiovascular
mortality, with rates of 11.7% in the first tertile, 5.1% in the
second tertile, and 2.6% in the third tertile (»p < 0.001).

3.2 Relationship Between Age and Prognosis of HFpEF

With a median follow-up duration of 4.9 years, there
were 166 recorded deaths, of which 82 were due to car-
diovascular causes (Table 1). The spline curves illus-
trated a clear trend, indicating that older patients faced a
higher risk of both all-cause and cardiovascular mortality
(Supplementary Fig. 2). Three Cox regression models
were employed to quantitatively analyze the association be-
tween age and the prognosis of HFpEF. In the third model,
each one-unit increase in SD for age was associated with
a 1.98-fold increase in the risk of overall mortality (95%
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Table 2. Risk of overall death and cardiovascular death in inpatients with HFpEF categorized by the LMR.

Model 1 Model 2 Model 3
Group Events/n
HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value
Overall death
LMR <2.62 87/418 Reference Reference Reference
2.62<LMR <394  48/434  047(0.33,0.67) <0.001 0.50(0.35,0.72) <0.001 0.55(0.38, 0.80) <0.001
LMR >3.94 31/422  0.28(0.19,0.43) <0.001 0.36(0.24,0.56) <0.001 0.42 (0.27, 0.65) 0.002
p for trend <0.001 <0.001 <0.001
Cardiovascular death
LMR <2.62 49/418 Reference Reference Reference
2.62<LMR <394 22/434  0.39(0.23,0.64) <0.001 0.39(0.24,0.66) <0.001 0.42(0.25,0.71) <0.001
LMR >3.94 11/422 0.18 (0.09,0.35) <0.001 0.21(0.11,0.41) <0.001  0.23 (0.12, 0.46) <0.001
p for trend <0.001 <0.001 <0.001

Cox proportional hazard models were fully adjusted by age, gender, BMI, SBP, LDL-c, HbA Ic, serum creatinine, log(NT-proBNP),

CVD history, and AF history at baseline.

CI (1.66, 2.35); p < 0.001) and a 1.73-fold increase in
the risk of mortality due to cardiovascular disease (95% CI
(1.36, 2.21); p < 0.001) (Supplementary Table 1). Con-
sequently, a significant correlation was established between
age and the prognosis of HFpEF, suggesting that advancing
age is linked to an elevated risk of adverse clinical outcomes
in patients with this condition.

3.3 Relation Between LMR and Prognosis of HFpEF

The restricted cubic spline analysis depicted in Fig. 1
revealed that lower LMR values were associated with
higher odds of both all-cause mortality and cardiovascular
mortality. Thus, multivariate Cox regression analyses were
performed to investigate the association between the LMR
and the prognosis of HFpEF further. As illustrated in Ta-
ble 2, patients in the second tertile had a 45% lower risk of
overall mortality compared to those in the first tertile (95%
CI (0.38-0.80); p < 0.001). Similarly, patients in the third
tertile demonstrated a 58% reduction in risk compared to
those in the first tertile (95% CI (0.27-0.65); p = 0.002).

A comparable trend was observed for cardiovascu-
lar mortality. Patients in tertile two had a 58% lower risk
(95% CI (0.25-0.71); p < 0.001) compared to those in
tertile one, while those in tertile three had a 77% lower
risk (95% CI (0.12-0.46); p < 0.001). Specifically, as
the LMR decreased, the likelihood of adverse clinical out-
comes increased. Additionally, the relationships between
other systemic inflammatory markers, namely NLR, PLR,
and logSII, and clinical outcomes were also examined. Pa-
tients were categorized into tertiles for these markers and
analyzed using the Kaplan-Meier method (Supplementary
Fig. 3). In the multivariate Cox regression analyses pre-
sented in Supplementary Table 2, significant associations
were found between the NLR, PLR, and logSII with both
all-cause mortality and cardiovascular mortality (all p for
trend < 0.05).
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Fig. 1. Risk of all-cause death (a) and cardiovascular death (b)
across the full range of the LMR. The fully adjusted HRs for all-
cause mortality (a) and cardiovascular mortality (b) based on the
LMR are displayed. Each HR was calculated using the median
LMR value of 3.26 as the reference point. The adjustments for
these HRs considered several factors, including age, gender, BMI,
SBP, LDL-c, HbAlc, serum creatinine, log(NT-proBNP), history
of AF, and history of CVD. The red solid line depicts the HR of the
LMR across its full range. The pink shaded area symbolizes the
95% CI for the HRs. The black dotted line represents the reference
line at HR = 1. LMR, lymphocyte to monocyte ratio; HR, hazard
ratio; CI, confidence interval.

3.4 Mediation Analysis

Based on prior research and known underlying mech-
anisms, we hypothesized that the LMR could vary with age
and be associated with mortality for patients with HFpEF.
To evaluate the mediating role of the LMR in the relation-
ship between age and mortality for HFpEF, we initially per-
formed a linear correlation analysis using Pearson’s corre-
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Fig. 2. Median analysis to evaluate the mediating role of the LMR in the association between age and all-cause death (a) and

cardiovascular death (b) for HFpEF. ACME, average causal mediation effect (indirect effect); ADE, average mediation effect (direct

effect); Prop. Mediated, the proportion of the mediating effect.

lation test. This analysis revealed a negative correlation,
indicating that the LMR decreased as the age increased (3
=-0.021, p < 0.001; Supplementary Fig. 4).
Subsequently, mediation analysis revealed that the
LMR contributed to a mediation effect of 3.5% (95% CI
(0.07%—8%); p = 0.05; Supplementary Table 3) in the re-
lationship between age and all-cause mortality. For cardio-
vascular mortality, the LMR accounted for a mediation pro-
portion of 17.9% (95% CI (7.2%-36%); p < 0.001; Fig. 2).
Sensitivity analysis was performed to check the robustness
of the mediation analysis (Supplementary Table 4, Sup-
plementary Fig. 5). Results of the mediation analyses be-
tween the rest of systemic inflammatory markers and clini-
cal outcomes were displayed in Supplementary Fig. 6

4. Discussion

In this longitudinal study, the LMR was found to have
an exacerbating effect on the outcomes of HFpEF. Specifi-
cally, the LMR mediated 17.9% of the association between
age and cardiovascular mortality in patients with HFpEF.
These findings suggest that the LMR could serve as an eco-
nomically accessible biomarker for predicting the progno-
sis of HFpEF. Additionally, the results provide insights into
the mechanisms underlying longevity, particularly through
the lenses of immunosenescence and inflamm-aging.

HFpEF is predominantly a condition affecting older
adults, with most patients being over 65 years of age.
Data from the MAGGIC meta-analysis and the Candesar-
tan in Heart failure-Assessment of moRtality and Morbid-
ity (CHARM) program indicate that older patients with
heart failure experience higher mortality rates compared to
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younger individuals [23,24]. Specifically, patients aged 85
and older have a 5.9-fold increased risk of mortality com-
pared to those aged 55 and younger [4,23,24]. The inflam-
mation associated with heart failure is believed to be linked
to several factors, including heightened oxidative stress,
reduced autophagy and mitophagy, increased DNA dam-
age, mitochondrial dysfunction, and cellular senescence.
These processes contribute to cell death, which activates
the innate immune system and provokes the production of
inflammatory cytokines, thereby exacerbating the effects
of cell death. Over the past decade, the Canakinumab
Anti-Inflammatory Thrombosis Outcomes Study (CAN-
TOS) trial has demonstrated that anti-inflammatory treat-
ment with canakinumab is associated with a reduced risk
of heart failure-related mortality in patients with elevated
high-sensitivity C-reactive protein (hs-CRP) levels [25].
More recently, research into the mechanisms behind the
benefits of sodium-glucose cotransporter 2 (SGLT2) in-
hibitors in HFpEF patients has shown that these medi-
cations can reduce epicardial adipose tissue and modify
adipokine signaling, potentially leading to decreased in-
flammation and oxidative stress [26,27]. Additionally, the
STEP-HFpEF trial found that semaglutide significantly im-
proved symptoms and reduced inflammation in participants
with HFpEF who also had obesity [28]. Given these in-
sights into the role of inflammation in heart failure, our
study introduced the LMR as a systemic inflammatory
marker that is readily accessible through routine clinical
blood tests, offering a valuable tool for predicting the prog-
nosis of HFpEF.
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Although the exact mechanisms linking the LMR to
survival in HFpEF are not completely understood, several
explanations can be proposed. Firstly, lymphocytes play
a crucial role in activating the host immune response and
maintaining immune surveillance. Lymphocytopenia, or a
low count of lymphocytes, may lead to inappropriate im-
mune responses as individuals age. A deficiency in periph-
eral lymphocytes can result in the accumulation of senes-
cent cells and unresolved inflammation [29]. Secondly, el-
evated circulating monocyte levels indicate increased pe-
ripheral inflammation. These monocytes can further differ-
entiate into macrophages, which are likely linked to the de-
velopment of HFpEF and its precursor, asymptomatic left
ventricular diastolic dysfunction [19]. Our data show that
the LMR changes with age, supporting our hypothesis that
the LMR is independently associated with the prognosis of
HFpEF. This finding aligns with the notion that inflamm-
aging may play a significant role in the progression of HF-
pEF [30-32].

In addition to the LMR, other systemic inflammatory
markers, such as the NLR, PLR, and SII, are also signifi-
cantly associated with the prognosis of HFpEF. This high-
lights the significance of systemic inflammation in the pro-
gression of HFpEF. Research by Tamaki ef al. [33] indi-
cated that in patients with HFpEF who were hospitalized
for acute decompensated heart failure, the combination of
the NLR and PLR proved to be effective in predicting car-
diac mortality after discharge. Similarly, Curran et al. [34]
found that elevated NLR levels were significantly corre-
lated with NT-proBNP levels, as well as poorer outcomes in
heart failure patients. An increase in the NLR may be par-
ticularly useful for identifying high-risk patients with heart
failure [34]. Furthermore, Liu et al. [30] reported that both
the LMR and PLR served as independent prognostic factors
for patients with chronic heart failure (CHF). In our study,
multivariate Cox regression analyses and restricted cubic
spline analyses demonstrated that the NLR, PLR, and SII, in
addition to the LMR, possess strong predictive value for the
prognosis of HFpEF. In a cross-sectional study, the LMR
was reported to have a good diagnostic value for the inci-
dence of HFpEF [35]. Silva et al. [31] suggested that low
LMR values are independently related to a higher risk of 6-
month death after an episode of acute heart failure. These
findings collectively highlight that systemic inflammation
plays a crucial role in the progression of HFpEF, underscor-
ing the importance of maintaining a proper balance between
proinflammatory and anti-inflammatory factors in patients
with this condition.

The comorbidity—inflammation model characterizes
HFpEF as a result of a systemic proinflammatory state trig-
gered by various comorbidities. This inflammatory condi-
tion leads to endothelial dysfunction, coronary microvas-
cular dysfunction, and alterations in cardiac structure and
function, ultimately resulting in HFpEF [36]. Older adults
are particularly susceptible to a combination of multiple

morbidities that contribute to frailty; thus, understanding
the relationship between heart disease and frailty is essen-
tial [37]. Skeletal muscle may play a critical role in the in-
terplay between aging, sarcopenia, inflammation, and car-
diovascular diseases [37,38]. Indeed, research by Adams et
al. [39] highlighted that in HFpEF patients, skeletal mus-
cle is characterized by increased proteolysis associated with
systemic inflammation and diminished exercise capacity, as
well as disturbances in energy metabolism. Moreover, sys-
temic inflammation and coronary microvascular endothe-
lial dysfunction are of great importance in regulating the
impacts of extracardiac comorbidities, such as metabolic
disorders, hypertension, and renal impairment, on left ven-
tricular remodeling and functional decline [39]. In this con-
text, we investigated the mechanistic effects of immunose-
nescence and inflamm-aging on HFpEF, positing that ag-
ing fundamentally alters inflammatory pathways both in the
heart and systemically, thereby contributing to the develop-
ment of this condition [40].

Our study presents several important clinical implica-
tions. First, we found that systemic inflammatory mark-
ers, such as the LMR, NLR, PLR, and SII, are associated
with the prognosis of HFpEF. These markers may serve as
valuable prognostic indicators for HFpEF. Secondly, our
study had a median follow-up period of 4.9 years, demon-
strating that the LMR possesses long-term prognostic sig-
nificance for patients with HFpEF. Thirdly, our mediation
analysis shed light on the critical role of inflammation in
driving poor prognosis among older patients with HFpEF
from a clinical perspective, implicating that immunosenes-
cence and inflamm-aging could be significant mechanisms
underlying the development of HFpEF.

Limitations

However, several limitations of the study should be
noted. Firstly, as an observational cohort study, this analy-
sis cannot establish causal relationships and may be influ-
enced by residual confounding factors. Secondly, patients
were grouped into tertiles based on the LMR, which re-
sulted in unequal baseline demographics among the groups.
To address this, we employed three Cox regression models
to adjust for potential confounders. Thirdly, this research
was conducted in a single-center cohort in Southeast China,
which limits generalizability. Fourthly, only a single base-
line measurement of the LMR was included; future studies
should incorporate dynamic changes over time. Fifthly, ex-
ternal validation was necessary; however, due to the limited
data available from other partner hospitals, we were unable
to incorporate this validation into the study. Sixthly, the
blood routine was missed for 384 out of 2448 HFpEF pa-
tients, which inevitably introduced selection bias, although
our baseline was generally balanced (not shown). Further
validations are needed for a more solid conclusion.
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5. Conclusions

In summary, our findings suggest that systemic in-
flammatory markers, particularly the LMR, NLR, PLR, and
SII, are strongly associated with mortality outcomes for HF-
pEF. Notably, the LMR appears to act as a mediator for
age-related cardiovascular mortality. We propose that a
biomarker signature derived from routine blood tests could
be valuable in monitoring the progression of systemic in-
flammation during aging and the advancement of HFpEF.

Availability of Data and Materials

The data of this study are not publicly available yet
as the research is still ongoing. If needed, please con-
tact zhuangxd3@mail.sysu.edu.cn (Xiaodong Zhuang) via
email.

Author Contributions

XJC, MHL, CF, and XDZ conceived this study; XJC,
SHT, PQ, LXH, JIL, YZ and YG collected the data; XJC,
MHL, YBL and TW performed the data analysis; XJC,
MHL, YG wrote the original draft; XXL performed the data
analysis; XDZ suggested the inflamm-aging concept; XJC,
MHL revised and edited the manuscript; XXL and XDZ
supervised the whole work. All authors contributed to ed-
itorial changes in the manuscript. All authors read and ap-
proved the final manuscript. All authors have participated
sufficiently in the work and agreed to be accountable for all
aspects of the work.

Ethics Approval and Consent to Participate

All subjects gave their informed consent for inclusion
before they participated in the study. The study was con-
ducted in accordance with the Declaration of Helsinki, and
the protocol was approved by the Ethics Review Board of
the First Affiliated Hospital of Sun Yat-sen University (ap-
proval number: [2020] 429).

Acknowledgment

The authors thank the staff and participants of the
RED-CARPET trial for their tremendous contributions.
Thanks to all the peer reviewers for their opinions and sug-
gestions.

Funding

This study was supported by the National Natural
Science Foundation of China (82070384, 82370358
to X.Liao), Guangdong Basic and Applied Basic Re-
search Foundation (2024A1515013234 to X.Liao;
2024A1515012356 to X.Zhuang; 2022A1515111181 to
M.Liu), Funding by Science and Technology Projects
in Guangzhou (2023A04J2169 to Y.Guo) and China
Postdoctoral Science Foundation (2022M723635 to
M.Liu).

&% IMR Press

Conflict of Interest

The authors declare no conflict of interest.

Supplementary Material

Supplementary material associated with this article
can be found, in the online version, at https://doi.org/10.
31083/RCM45403.

References

[1] Pandey A, Shah SJ, Butler J, Kellogg DL, Jr, Lewis GD, Forman
DE, et al. Exercise Intolerance in Older Adults With Heart Fail-
ure With Preserved Ejection Fraction: JACC State-of-the-Art
Review. Journal of the American College of Cardiology. 2021;
78: 1166—1187. https://doi.org/10.1016/j.jacc.2021.07.014.

[2] Shah KS, Xu H, Matsouaka RA, Bhatt DL, Heidenreich PA,
Hernandez AF, et al. Heart Failure With Preserved, Borderline,
and Reduced Ejection Fraction: 5-Year Outcomes. Journal of
the American College of Cardiology. 2017; 70: 2476-2486.
https://doi.org/10.1016/j.jacc.2017.08.074.

[3] NairN. Epidemiology and pathogenesis of heart failure with pre-
served ejection fraction. Reviews in Cardiovascular Medicine.
2020; 21: 531-540. https://doi.org/10.31083/j.rcm.2020.04.
154.

[4] Tromp J, Shen L, Jhund PS, Anand IS, Carson PE, Desai AS, et
al. Age-Related Characteristics and Outcomes of Patients With
Heart Failure With Preserved Ejection Fraction. Journal of the
American College of Cardiology. 2019; 74: 601-612. https://do
i.0rg/10.1016/j jacc.2019.05.052.

[5] Liberale L, Badimon L, Montecucco F, Liischer TF, Libby P,
Camici GG. Inflammation, Aging, and Cardiovascular Disease:
JACC Review Topic of the Week. Journal of the American Col-
lege of Cardiology. 2022; 79: 837—847. https://doi.org/10.1016/
j.jacc.2021.12.017.

[6] Seeger T, Haffez F, Fischer A, Koehl U, Leistner DM, Seeger
FH, et al. Immunosenescence-associated microRNAs in age and
heart failure. European Journal of Heart Failure. 2013; 15: 385—
393. https://doi.org/10.1093/eurjh{/hfs184.

[7] Barman PK, Shin JE, Lewis SA, Kang S, Wu D, Wang Y, et al.
Production of MHCII-expressing classical monocytes increases
during aging in mice and humans. Aging Cell. 2022; 21: e13701.
https://doi.org/10.1111/acel.13701.

[8] Michaud M, Balardy L, Moulis G, Gaudin C, Peyrot C, Vel-
las B, et al. Proinflammatory cytokines, aging, and age-related
diseases. Journal of the American Medical Directors Associa-
tion. 2013; 14: 877-882. https://doi.org/10.1016/j.jamda.2013.
05.009.

[9] Budamagunta V, Foster TC, Zhou D. Cellular senescence in
lymphoid organs and immunosenescence. Aging. 2021; 13:
19920-19941. https://doi.org/10.18632/aging.203405.

[10] Franceschi C, Garagnani P, Parini P, Giuliani C, Santoro A.
Inflammaging: a new immune-metabolic viewpoint for age-
related diseases. Nature Reviews. Endocrinology. 2018; 14:
576-590. https://doi.org/10.1038/s41574-018-0059-4.

[11] Mesquita T, Lin YN, Ibrahim A. Chronic low-grade inflamma-
tion in heart failure with preserved ejection fraction. Aging Cell.
2021; 20: e13453. https://doi.org/10.1111/acel.13453.

[12] de Gonzalo-Calvo D, Neitzert K, Fernandez M, Vega-Naredo I,
Caballero B, Garcia-Macia M, et al. Differential inflammatory
responses in aging and disease: TNF-alpha and IL-6 as possible
biomarkers. Free Radical Biology & Medicine. 2010; 49: 733—
737. https://doi.org/10.1016/j.freeradbiomed.2010.05.019.

[13] Jin K, Ma Z, Wang X, Gong C, Sheng J, Chen J, et al. The
Role of Cardiac Macrophages in Inflammation and Fibrosis af-
ter Myocardial Ischemia-Reperfusion. Reviews in Cardiovas-


mailto:zhuangxd3@mail.sysu.edu.cn
https://doi.org/10.31083/RCM45403
https://doi.org/10.31083/RCM45403
https://doi.org/10.1016/j.jacc.2021.07.014
https://doi.org/10.1016/j.jacc.2017.08.074
https://doi.org/10.31083/j.rcm.2020.04.154
https://doi.org/10.31083/j.rcm.2020.04.154
https://doi.org/10.1016/j.jacc.2019.05.052
https://doi.org/10.1016/j.jacc.2019.05.052
https://doi.org/10.1016/j.jacc.2021.12.017
https://doi.org/10.1016/j.jacc.2021.12.017
https://doi.org/10.1093/eurjhf/hfs184
https://doi.org/10.1111/acel.13701
https://doi.org/10.1016/j.jamda.2013.05.009
https://doi.org/10.1016/j.jamda.2013.05.009
https://doi.org/10.18632/aging.203405
https://doi.org/10.1038/s41574-018-0059-4
https://doi.org/10.1111/acel.13453
https://doi.org/10.1016/j.freeradbiomed.2010.05.019
https://www.imrpress.com

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

cular Medicine. 2024; 25: 419. https://doi.org/10.31083/j.rc
m2511419.

Livshits G, Kalinkovich A. Inflammaging as a common ground
for the development and maintenance of sarcopenia, obe-
sity, cardiomyopathy and dysbiosis. Ageing Research Reviews.
2019; 56: 100980. https://doi.org/10.1016/j.arr.2019.100980.
Zheng Z, Shi S, Liu Z, Song Y, Chang Z, Cui K, et al.
The Predictive and Prognostic Value of the Systemic Immune-
Inflammation Index for Congestive Heart Failure. Reviews in
Cardiovascular Medicine. 2024; 25: 417. https://doi.org/10.
31083/j.rem2511417.

Xydonas S, Parissis J, Lioni L, Kapsimali V, Psarra E, Far-
makis D, ef al. Immunosenescence in patients with chronic sys-
tolic heart failure. Journal of Cardiovascular Medicine (Hager-
stown, Md.). 2016; 17: 624-630. https://doi.org/10.2459/JCM.
0000000000000372.

Elchinova E, Teubel I, Roura S, Fernandez MA, Lupén J,
Galvez-Monton C, et al. Circulating monocyte subsets and heart
failure prognosis. PloS One. 2018; 13: €0204074. https://doi.or
¢/10.1371/journal.pone.0204074.

Pugliese NR, Pellicori P, Filidei F, De Biase N, Maftia P, Guzik
TJ, et al. Inflammatory pathways in heart failure with preserved
left ventricular ejection fraction: implications for future in-
terventions. Cardiovascular Research. 2023; 118: 3536-3555.
https://doi.org/10.1093/cvr/cvacl33.

Glezeva N, Voon V, Watson C, Horgan S, McDonald K, Led-
widge M, et al. Exaggerated inflammation and monocytosis as-
sociate with diastolic dysfunction in heart failure with preserved
ejection fraction: evidence of M2 macrophage activation in dis-
ease pathogenesis. Journal of Cardiac Failure. 2015; 21: 167—
177. https://doi.org/10.1016/j.cardfail.2014.11.004.
Smolgovsky S, Bayer AL, Kaur K, Sanders E, Aronovitz M, Fil-
ipp ME, et al. Impaired T cell IRE1a/XBP1 signaling directs
inflammation in experimental heart failure with preserved ejec-
tion fraction. The Journal of Clinical Investigation. 2023; 133:
e171874. https://doi.org/10.1172/JCI171874.

Baumgartner H, Hung J, Bermejo J, Chambers JB, Edvardsen T,
Goldstein S, et al. Recommendations on the Echocardiographic
Assessment of Aortic Valve Stenosis: A Focused Update from
the European Association of Cardiovascular Imaging and the
American Society of Echocardiography. Journal of the Amer-
ican Society of Echocardiography: Official Publication of the
American Society of Echocardiography. 2017; 30: 372-392.
https://doi.org/10.1016/j.echo.2017.02.009.

Butler J, Shah SJ, Petrie MC, Borlaug BA, Abildstrem SZ,
Davies MJ, et al. Semaglutide versus placebo in people with
obesity-related heart failure with preserved ejection fraction: a
pooled analysis of the STEP-HFpEF and STEP-HFpEF DM ran-
domised trials. Lancet (London, England). 2024; 403: 1635—
1648. https://doi.org/10.1016/S0140-6736(24)00469-0.

Wong CM, Hawkins NM, Petrie MC, Jhund PS, Gardner RS, Ar-
iti CA, et al. Heart failure in younger patients: the Meta-analysis
Global Group in Chronic Heart Failure (MAGGIC). European
Heart Journal. 2014; 35: 2714-2721. https://doi.org/10.1093/eu
rheartj/ehu216.

Wong CM, Hawkins NM, Jhund PS, MacDonald MR, Solomon
SD, Granger CB, et al. Clinical characteristics and outcomes of
young and very young adults with heart failure: The CHARM
programme (Candesartan in Heart Failure Assessment of Re-
duction in Mortality and Morbidity). Journal of the American
College of Cardiology. 2013; 62: 1845-1854. https://doi.org/
10.1016/j.jacc.2013.05.072.

Everett BM, Cornel JH, Lainscak M, Anker SD, Abbate A,
Thuren T, et al. Anti-Inflammatory Therapy With Canakinumab
for the Prevention of Hospitalization for Heart Failure. Circula-

tion. 2019; 139: 1289-1299. https://doi.org/10.1161/CIRCUL
ATIONAHA.118.038010.

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

Pandey AK, Bhatt DL, Pandey A, Marx N, Cosentino F, Pandey
A, et al. Mechanisms of benefits of sodium-glucose cotrans-
porter 2 inhibitors in heart failure with preserved ejection frac-
tion. European Heart Journal. 2023; 44: 3640-3651. https://doi.
org/10.1093/eurheartj/ehad389.

Wood N, Straw S, Cheng CW, Hirata Y, Pereira MG, Gal-
lagher H, et al. Sodium-glucose cotransporter 2 inhibitors in-
fluence skeletal muscle pathology in patients with heart failure
and reduced ejection fraction. European Journal of Heart Fail-
ure. 2024; 26: 925-935. https://doi.org/10.1002/ejhf.3192.
Kosiborod MN, Verma S, Borlaug BA, Butler J, Davies MJ, Jon
Jensen T, et al. Effects of Semaglutide on Symptoms, Func-
tion, and Quality of Life in Patients With Heart Failure With
Preserved Ejection Fraction and Obesity: A Prespecified Analy-
sis of the STEP-HFpEF Trial. Circulation. 2024; 149: 204-216.
https://doi.org/10.1161/CIRCULATIONAHA.123.067505.
Dixit VD, Yang H, Cooper-Jenkins A, Giri BB, Patel K, Taub
DD. Reduction of T cell-derived ghrelin enhances proinflam-
matory cytokine expression: implications for age-associated in-
creases in inflammation. Blood. 2009; 113: 5202-5205. https:
//doi.org/10.1182/blood-2008-09-181255.

LiuZ, Zhang R, Xv Y, Wang J, Chen J, Zhou X. A Novel Nomo-
gram Integrated with Systemic Inflammation Markers and Tra-
ditional Prognostic Factors for Adverse Events’ Prediction in
Patients with Chronic Heart Failure in the Southwest of China.
Journal of Inflammation Research. 2022; 15: 6785-6800. https:
//doi.org/10.2147/JIR.S366903.

Silva N, Bettencourt P, Guimardes JT. The lymphocyte-to-
monocyte ratio: an added value for death prediction in heart
failure. Nutrition, Metabolism, and Cardiovascular Diseases:
NMCD. 2015; 25: 1033-1040. https://doi.org/10.1016/j.nume
¢d.2015.07.004.

Liu Z, Xv Y, Liu X, Zhou X. Associations of systemic inflam-
matory markers with the risks of chronic heart failure: A case-
control study. Clinics (Sao Paulo, Brazil). 2022; 77: 100056.
https://doi.org/10.1016/j.clinsp.2022.100056.

Tamaki S, Nagai Y, Shutta R, Masuda D, Yamashita S, Seo M,
et al. Combination of Neutrophil-to-Lymphocyte and Platelet-
to-Lymphocyte Ratios as a Novel Predictor of Cardiac Death
in Patients With Acute Decompensated Heart Failure With Pre-
served Left Ventricular Ejection Fraction: A Multicenter Study.
Journal of the American Heart Association. 2023; 12: €026326.
https://doi.org/10.1161/JAHA.122.026326.

Curran FM, Bhalraam U, Mohan M, Singh JS, Anker SD, Dick-
stein K, et al. Neutrophil-to-lymphocyte ratio and outcomes in
patients with new-onset or worsening heart failure with reduced
and preserved ejection fraction. ESC Heart Failure. 2021; 8:
3168-3179. https://doi.org/10.1002/ehf2.13424.

Wang R, Wu J, Ye H, Zhang X, Wang L. Application Value
of Systemic Inflammatory Indexes in the Clinical Evaluation
of Patients with Heart Failure with Preserved Ejection Frac-
tion (HFpEF). Medicina (Kaunas, Lithuania). 2022; 58: 1473.
https://doi.org/10.3390/medicina58101473.

Sanders-van Wijk S, Tromp J, Beussink-Nelson L, Hage C,
Svedlund S, Saraste A, et al. Proteomic Evaluation of the
Comorbidity-Inflammation Paradigm in Heart Failure With Pre-
served Ejection Fraction: Results From the PROMIS-HFpEF
Study. Circulation. 2020; 142: 2029-2044. https://doi.org/10.
1161/CIRCULATIONAHA.120.045810.

Cai X, Liu M, Xu X, Zhang S, Huang R, Wang P, et al.
Cardiovascular effects of weight loss in old adults with over-
weight/obesity according to change in skeletal muscle mass.
Journal of Cachexia, Sarcopenia and Muscle. 2024; 15: 342—
351. https://doi.org/10.1002/jcsm.13409.

Tromp J, Westenbrink BD, Ouwerkerk W, van Veldhuisen DJ,
Samani NJ, Ponikowski P, ef a/. Identifying Pathophysiological

&% IMR Press


https://doi.org/10.31083/j.rcm2511419
https://doi.org/10.31083/j.rcm2511419
https://doi.org/10.1016/j.arr.2019.100980
https://doi.org/10.31083/j.rcm2511417
https://doi.org/10.31083/j.rcm2511417
https://doi.org/10.2459/JCM.0000000000000372
https://doi.org/10.2459/JCM.0000000000000372
https://doi.org/10.1371/journal.pone.0204074
https://doi.org/10.1371/journal.pone.0204074
https://doi.org/10.1093/cvr/cvac133
https://doi.org/10.1016/j.cardfail.2014.11.004
https://doi.org/10.1172/JCI171874
https://doi.org/10.1016/j.echo.2017.02.009
https://doi.org/10.1016/S0140-6736(24)00469-0
https://doi.org/10.1093/eurheartj/ehu216
https://doi.org/10.1093/eurheartj/ehu216
https://doi.org/10.1016/j.jacc.2013.05.072
https://doi.org/10.1016/j.jacc.2013.05.072
https://doi.org/10.1161/CIRCULATIONAHA.118.038010
https://doi.org/10.1161/CIRCULATIONAHA.118.038010
https://doi.org/10.1093/eurheartj/ehad389
https://doi.org/10.1093/eurheartj/ehad389
https://doi.org/10.1002/ejhf.3192
https://doi.org/10.1161/CIRCULATIONAHA.123.067505
https://doi.org/10.1182/blood-2008-09-181255
https://doi.org/10.1182/blood-2008-09-181255
https://doi.org/10.2147/JIR.S366903
https://doi.org/10.2147/JIR.S366903
https://doi.org/10.1016/j.numecd.2015.07.004
https://doi.org/10.1016/j.numecd.2015.07.004
https://doi.org/10.1016/j.clinsp.2022.100056
https://doi.org/10.1161/JAHA.122.026326
https://doi.org/10.1002/ehf2.13424
https://doi.org/10.3390/medicina58101473
https://doi.org/10.1161/CIRCULATIONAHA.120.045810
https://doi.org/10.1161/CIRCULATIONAHA.120.045810
https://doi.org/10.1002/jcsm.13409
https://www.imrpress.com

Mechanisms in Heart Failure With Reduced Versus Preserved and HFrEF. ESC Heart Failure. 2021; 8: 2556-2568. https:

Ejection Fraction. Journal of the American College of Cardiol- //doi.org/10.1002/ehf2.13405.

ogy. 2018; 72: 1081-1090. https://doi.org/10.1016/j.jacc.2018. [40] Schiattarella GG, Rodolico D, Hill JA. Metabolic inflammation

06.050. in heart failure with preserved ejection fraction. Cardiovascular
[39] Adams V, Wunderlich S, Mangner N, Hommel J, Esefeld K, Research. 2021; 117: 423-434. https://doi.org/10.1093/cvr/cvaa

Gielen S, et al. Ubiquitin-proteasome-system and enzymes of 217.

energy metabolism in skeletal muscle of patients with HFpEF

@B IMR Press 9


https://doi.org/10.1016/j.jacc.2018.06.050
https://doi.org/10.1016/j.jacc.2018.06.050
https://doi.org/10.1002/ehf2.13405
https://doi.org/10.1002/ehf2.13405
https://doi.org/10.1093/cvr/cvaa217
https://doi.org/10.1093/cvr/cvaa217
https://www.imrpress.com

	1. Introduction
	2. Materials and Methods
	2.1 Study Design and Participants
	2.2 Data Definitions and Collections
	2.3 Outcomes
	2.4 Statistical Analysis

	3. Result
	3.1 Baseline Features
	3.2 Relationship Between Age and Prognosis of HFpEF
	3.3 Relation Between LMR and Prognosis of HFpEF
	3.4 Mediation Analysis

	4. Discussion
	Limitations

	5. Conclusions
	Availability of Data and Materials
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest
	Supplementary Material

