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Objective: Inflammation contributes to the pathogenesis and progression of heart failure (HF). This study aimed to construct
a nomogram based on systemic inflammatory markers and traditional prognostic factors to assess the risk of adverse outcomes
(cardiovascular readmission and all-cause death) in patients with chronic heart failure (CHF).

Methods: Data were retrospectively collected from patients with HF admitted to the Department of Cardiovascular Medicine at the
First Affiliated Hospital of Chongqing Medical University from January 2018 to April 2020, and each patient had complete follow-up
information. The follow-up duration was from June 2018 to May 31, 2022. 550 patients were included and randomly assigned to the
derivation and validation cohorts with a ratio of 7:3, and prognostic risk factors of CHF were identified by Cox regression analysis.
The nomogram chart scoring model was constructed.

Results: The Cox multivariate regression analysis showed that traditional prognostic factors such as age (P=0.011), BMI (P=0.048),
NYHA classification (P<0.001), creatinine (P<0.001), and systemic inflammatory markers including LMR (P=0.001), and PLR
(P=0.015) were independent prognostic factors for CHF patients. Integrated with traditional and inflammatory prognostic factors,
a nomogram was established, which yielded a C-index value of 0.739 (95% CI: 0.714-0.764) in the derivation cohort and 0.713 (95%
CI: 0.668-0.758) in the validation cohort, respectively. The calibration curves exhibited good performance of the nomogram in
predicting the adverse outcomes for patients with CHF. In subgroups (HFrEF, HFmrEF, and HFpEF groups), the systematic
inflammatory markers-based nomograms proved to be effective prediction tools for patients’ adverse overcomes, as well.
Conclusion: The nomogram combining systemic inflammatory markers and traditional risk factors has satisfactory predictive
performance for adverse outcomes (mortality and readmission) in patients with CHF.

Keywords: chronic heart failure, inflammation, prognosis, systemic inflammatory markers, nomogram

Introduction

Chronic heart failure (CHF) is a clinical syndrome characterized by impaired cardiac function, resulting from the
stabilization of acute heart failure after an initial episode or from the progressive development of other cardiovascular
diseases.! CHF represents the end stage of various cardiac diseases, and its high rehospitalization rate and mortality
impose a substantial public health burden on society.” Thus, it is essential to assess the prognosis of patients with CHF, as
patients at higher risk of poor outcomes could receive more intensive therapy and close monitoring.
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Various heart failure (HF) risk stratification models have been previously developed based on different clinical
characteristics and biomarkers to tailor the treatment prescription for CHF patients.> ® However, most of them were
mainly designed for the white race, and risk factors for HF vary substantially across world regions due to the racial
differences in HF.? Therefore, the current prediction models maybe not be suitable for evaluating the Chinese CHF
population, and a novel prediction model that bears prediction ability for Chinese CHF patients’ prognosis prediction is
urgently needed.

Inflammation may contribute to the development of HF after the activation of hemodynamic disturbances, sympa-
thetic nervous system and renin-angiotensin-aldosterone system (RAAS).”® It has been reported that inflammation is an
important pathophysiological feature of HF and that inflammation markers can be used to assess the severity and the
prognosis of patients with HF.'®'? Several systemic inflammatory markers, including lymphocyte-monocyte ratio
(LMR), platelet-lymphocyte ratio (PLR), neutrophil-to-lymphocyte ratio (NLR) (NLR), monocyte-to-high-density-
lipoprotein ratio (MHR), systemic immune inflammation index (SII), and systemic inflammation response index (SIRI)
have attracted much attention in recent years. These markers are simple to calculate according to routine blood markers
and have the advantage of being inexpensive and easy to detect, which thus have been used in many clinical studies for
early assessment of the prognostic risk of various cardiovascular diseases.'*™'> This study aimed to develop a novel
prognostic nomogram applicable to the southwest Chinese CHF population by combining systemic inflammatory markers
and traditional CHF risk factors.

Methods and Materials

Study Population
This was a retrospective study conducted in the First Affiliated Hospital of Chongqing Medical University (Chongging,
China). The study protocol complied with the Declaration of Helsinki and was approved by the hospital’s ethics review
board. All procedures included in this study were undertaken as part of routine clinical practice, and the data which could
identify subjects were removed. We confirmed that all the data was anonymized and maintained with confidentiality;
therefore, the requirement for informed consent has been waived because of the retrospective nature of the current study.
Patients with CHF admitted at the Department of Cardiology in our institution from January 2018 to April 2020 with
complete follow-up information were retrospectively included. The inclusion criteria were as follows: (1) age >18 years;
(2) diagnosed with CHF according to association standards of the”2018 Chinese Heart Failure Diagnosis and Treatment
Guidelines” and”2016 European Society of Cardiology (ESC) Guidelines for the Diagnosis and Treatment of Acute and
Chronic Heart Failure”;' (3) New York Heart Association (NYHA) classification II-IV. To minimize the impact of drugs
and other diseases on systemic inflammation markers, some patients were excluded from this study. As shown in
Figure 1, the exclusion criteria including (1) with acute and chronic infection (n=403); (2) with end-stage liver or renal
failure (n=155); (3) with hematological disorders (n=89); (4) with cancer (n=91); (5) with rheumatic immune system
diseases (n=103); (6) under glucocorticoids therapy (may affect coagulation) (n=190); (7) with incomplete information
(n=45); (8) Patients who were readmitted in other hospitals (n=158). Finally, 550 patients met the inclusive and exclusive
criteria and were enrolled in the study cohort, and were randomly divided into derivation and validation sets with a 7: 3
ratios (The derivation set was used to train the model, giving the model inputs and corresponding outputs and letting the
model learn the relationship between them, while the validation set was the result of the input data on the final model, the
output of the trained model on the simulated ‘new’ input data).

Clinical and Laboratory Data Collection

Demographic characteristics [including age, sex, systolic blood pressure (SBP), diastolic blood pressure (DBP), heart rate
(HR), body mass index (BMI), and smoking status], preexisting comorbidities (including diabetes mellitus, hypertension,
coronary atherosclerotic heart disease, atrial fibrillation, dyslipidemia, stroke, and ventricular assist device) and medical
history [including B-blockers, angiotensin-converting enzyme inhibitors (ACEI) or angiotensin receptor blockers (ARB),
aspirin, statin, diuretics, antiplatelet drugs, oral anticoagulants, calcium channel blockers, and nitrates] were collected
from the electronic medical records in our institute.
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Patients with established diagnosis of
CHF admitted to our hospital during the
study period (n=1989)

Exclusion criteria (n=1234):

(1) With acute and chronic infection (n=403)

(2) With end-stage liver or renal failure (n=155)

(3) With hematological disorders (n=89)

(4) With cancer (n=91)

(5) With rheumatic immune system diseases (n=103)

(6) Under glucocorticoids therapy (n=190)

(7) With incomplete information (n=45)

(8) Patients who were readmitted in other hospitals (n=158)

Patients with CHF (n=755)

Every six months to collect information
on a patient's cardiovascular readmission
or all-cause death in the past period.

Included cohort (n=550)

Figure | Flowchart of recruiting study cohorts.

Blood samples were obtained on admission for laboratory determination, B-type natriuretic peptides (BNP) concen-
tration and blood routine tests (platelet count, neutrophil count, lymphocyte count, and monocyte count) were conducted.
Fasting blood samples were collected the following day, and biochemical parameters including blood urea nitrogen
(BUN), creatinine, triglycerides (TG), total cholesterol (TC), high-density lipoprotein cholesterol (HDL-C), low-density
lipoprotein cholesterol (LDL-C), Apolipoprotein-A, Apolipoprotein-B, Lipoprotein(et) and high sensitivity C reactive
protein (hs-CRP) were measured via an auto-analyzer.

LVEF assessment was based on 2D echocardiography using the quantitative 2D biplane volumetric Simpson method
from 4- and 2-chamber views.

The continuous variables such as age (I: <60, II: 60—69, I1I: 70-79, IV: >79) and BMI (I1:<18.5, 11:18.5-24.9, 11I: 25-29.9,
IV: >29.9) were transformed into categorical variables according to the criteria of studied documents'®!”; SBP, DBP, HR,
BNP, LEVF, platelet count, neutrophil count, lymphocyte count, monocyte count, BUN, TG, TC, creatinine, HDL-C, LDL-C,
Apolipoprotein-A, Apolipoprotein-B, and Lipoprotein(a) were transformed into categorical variables on basis of their
corresponding best cut-off values. The properties of other parameters were unchanged.

Calculation of the Systemic Inflammation-Related Marker

The systemic inflammation-related markers, including LMR, NLR, PLR, MHR, SII, and SIRI were calculated using the

following equations:'® '

LMR = lymphocyte count /monocyte count
NLR = neutrophil count /lymphocyte count
PLR = platelet count / lymphocyte count
MHR = monocyte count/high — density lipoproteincholesterol
SII = neutrophil count x platelet count /lymphocyte count

SIRI = neutrophil count X monocyte count/lymphocyte count
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Study Endpoints

The adverse outcome of this study was all-cause death or cardiovascular readmission at 1 and 3 years after discharge
(Cardiovascular readmission is the first unplanned hospital readmission for an HF episode within 1 year after discharge
or 3 years after discharge). Starting in June 2018, electronic medical record review was conducted every six months to
collect information on a patient’s cardiovascular readmission or all-cause death in the past period. The follow-up
terminated the study on May 31, 2022 and the time of hospitalization or death of our study population was recorded.

Establishment and Evaluation of Prediction Nomogram

The included CHF patients were randomly divided into the derivation and validation cohorts in a 7:3 ratio by random
sampling, and baseline characteristics of the two groups were compared. Univariate and multivariate Cox analyses were
performed to identify potential prognostic factors for CHF. A nomogram was constructed based on statistically significant
factors identified by the multivariate analysis. Discrimination and calibration were utilized to evaluate the performance of
the nomogram.

To evaluate the ability of the model to predict an adverse outcome, we calculated the calibration of the model using
1000 bootstrap samples to decrease the overfit bias. The consistency index (C-index) and receiver operating characteristic
(ROC) curves were used to evaluate the nomogram’s predictive performance and discrimination ability. The clinical
effectiveness of the resulting model was evaluated by a decision curve analysis (DCA).

Survival Analysis

The collected clinical data were fed into univariate and multivariate Cox regression analyses to detect the prognostic
predictor of patients. Risk scores were calculated for each patient according to the constructed nomogram, and patients
were then divided into high-risk and low-risk groups by the median value of the score. Kaplan-Meier curve analysis was
conducted to describe the survival time of CHF patients, and the Log-Rank method was used to compare the differences
in Kaplan-Meier curves between the two groups.

Statistical Analysis
The skewed distribution of continuous variables was expressed as median (25th percentile, 75th percentile) and was
analyzed by the Mann—Whitney U-test. Categorical variables were described in terms of the number of cases (percen-
tages), and baseline characteristics of the derivation and validation cohorts were compared using a chi-square test (for
one of the expected frequencies is greater than 5) or Fisher’s exact test (for sample size n < 40 or theoretical
frequency T < 1).

All statistical analyses were performed using R software (version 4.0.2) and were statistically significant at P<(0.05.

Results

Clinical Characteristics of the Study Cohort

550 patients (male: female=262: 288) with CHF were finally enrolled. Clinical characteristics of the study cohort are

listed in Table 1. The median follow-up time was 20.25 months, and the incidence of adverse outcome was 60%.
Systemic inflammatory markers were compared between the adverse outcome group and the group without adverse

outcomes (Table 2). As a result, the adverse outcome group presented lower levels of LMR (P < 0.001) and higher levels

of NLR (P < 0.001), PLR (P < 0.001), SIT (P = 0.001), and SIRI (P < 0.001). No significant difference was found in the

MLR level between the two groups.

Baseline Characteristics of Patients in the Derivation and Validation Cohorts

The study population was randomly divided into the derivation (386 patients) and validation cohorts (164 patients) in a 7:3
ratio, and the baseline characteristics of the patients in the two groups were analyzed (Table 3). Except for PLR (p= 0.032),
SII (p= 0.020), and SIRI (p= 0.046), no statistical difference was found in the demographic characteristics and clinical
markers between the two groups.
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Table | Baseline Characteristics of Subjects
Characteristics Overall (n=550)
Demographics
Age (years)
<60 110 (20.00)
60-69 142 (25.82)
70-79 156 (28.36)
>79 142 (25.82)
Gender
Male 262 (47.64)
Female 288 (52.36)
BMI (kg/m?)
<185 38 (6.91)
18.5-24.9 305 (55.45)
25-29.9 173 (31.45)
>29.9 34 (6.18)
SBP (mmHg)
<126.080 283 (51.45)
2126.080 267 (48.55)
DBP (mmHg)
<75.289 280 (50.91)
275.289 270 (49.09)
HR on admission (beats/min)
<81.59 275 (50.00)
281.59 275 (50.00)
NYHA classification
1l 178 (32.36)
1 269 (48.91)
\% 103 (18.73)
Comorbidities
Smoking 117 (21.27)
Hypertension 291 (52.91)
Diabetes mellitus 152 (27.64)
Coronary heart disease 221 (40.18)
Atrial fibrillation 274 (49.82)
Dyslipidemia 37 (6.73)
Stroke 55 (10.00)
Ventricular Assist Device 166 (30.18)
Medications
Beta-blocker 406 (73.82)
ACEI/ARB 407 (74.00)
Aspirin 96 (17.45)
Statin 339 (61.64)
Diuretics 477 (86.73)
Antiplatelet drugs 150 (27.27)
Oral anticoagulants 248 (45.09)
Calcium-channel blockers 70 (12.73)
Nitrates 43 (7.82)
Blood test
BNP (pg/mL)
<530.21 277 (50.36)
2530.21 273 (49.64)
LEVF (%)
<40 178 (32.36)
40-49 117 (21.27)
250 255 (46.36)
(Continued)
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Table | (Continued).

Characteristics Overall (n=550)

Neutrophil count (10°/L)

<4.305 278 (50.55)

24305 272 (49.45)

Lymphocyte count (10%/L)

<1.241 270 (49.09)

2].241 280 (50.91)

Monocyte count (10°/L)

<0.442 286 (52.00)

20.442 264 (48.00)

Platelet count (10°/L)

<173.969 275 (50.00)

=173.969 275 (50.00)

BUN (mg/dL)

<7.132 277 (50.36)

27.132 273 (49.64)

Creatinine (umol/L)

<81.67 281 (51.09)

>81.67 269 (48.91)

TG (mmol/L)

<0.991 280 (50.91)

20.991 270 (49.09)

TC (mmoliL)

<3.556 275 (50.00)

23.556 275 (50.00)

LDL-C (mmol/L)

<2.021 270 (49.09)

22.021 280 (50.91)

HDL-C (mmol/L)

<l.127 277 (50.36)

21127 273 (49.64)

Apolipoprotein-A (g/L)

<l1.213 279 (50.73)

=21.213 271 (49.27)

Apolipoprotein-B (g/L)

<0.744 289 (52.55)

=0.744 261 (47.45)

Lipoprotein(a) (mg/L)

<827 280 (50.91)

2827 270 (49.09)

hs-CRP (mg/L) 237 (101, 6.02)

Systemic inflammatory markers

LMR 2.85 (2.09, 3.95)

PLR 135.54 (102.53, 188.38)

NLR 3.49 (242, 4.66)

MHR 0.39 (0.27, 0.55)

NI 583.61 (375.15, 862.48)

SIRI 1.47 (0.99, 2.22)

Composite outcome 330 (60.00)

Time (month) 20.25 (6.00, 29.00)
Note: Data were shown as s a number (%) or median (25% quartile, 75% quartile).
Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood
pressure; HR, heart rate; ACEI, angiotensin-converting enzyme inhibitors; ARB, angiotensin
receptor blockers; BNP, B-type natriuretic peptides; LEVF, Left ventricular ejection fractions;
BUN, blood urea nitrogen; TG, triglycerides; TC, total cholesterol; LDL-C, low-density lipopro-
tein cholesterol; HDL-C, high-density lipoprotein cholesterol; hs-CRP, high sensitivity C reactive
protein; LMR, lymphocyte-to-monocyte ratio; PLR, platelet-to-lymphocyte ratio; NLR, neutro-
phil-to-lymphocyte ratio; MHR, monocyte-to-high-density-lipoprotein ratio; SlI, systemic immune
inflammation index; SIRI, system inflammation response index.
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Table 2 Comparison of Baseline Characteristics of Patients in Different Outcomes
Variables Adverse Outcome Patients Without Adverse Outcome P value
(N=330) (N=220)
LMR 2.61 (1.86, 3.61) 3.44 (2.44, 4.50) <0.001
PLR 147.85 (108.33, 196.47) 123.16 (92.09, 161.55) <0.001
NLR 3.85 (2.56, 5.08) 3.05 (2.24, 4.28) <0.001
MHR 0.40 (0.27, 0.56) 0.38 (0.26, 0.54) 0.210
Sli 637.84 (393.21, 955.94) 517.79 (356.72, 762.84) 0.001
SIRI 1.59 (1.12, 2.44) 1.32 (0.86, 1.91) <0.001
Abbreviations: LMR, lymphocyte-to-monocyte ratio; PLR, platelet-to-lymphocyte ratio; NLR, neutrophil-to-lymphocyte ratio; MHR, mono-
cyte-to-high-density-lipoprotein ratio; SlI, systemic immune inflammation index; SIRI, system inflammation response index.
Table 3 Characteristics of Patients in the Derivation and Validation Cohorts
Characteristics Derivation Group (N=386) Validation Group (N=164) P value
Demographics
Age (years) 0.523
<60 77 (19.95) 33 (20.12)
60-69 103 (26.68) 39 (23.78)
70-79 113 (29.27) 43 (26.22)
>79 93 (24.09) 49 (29.88)
Gender 0.294
Male 190 (49.22) 72 (43.90)
Female 196 (50.78) 92 (56.10)
BMI (kg/m?) 0.497
<185 29 (7.51) 9 (5.49)
18.5-24.9 210 (54.40) 95 (57.93)
25-29.9 120 (31.09) 53 (32.32)
>29.9 27 (6.99) 7 (4.27)
SBP (mmHg) 0.869
<126.080 200 (51.81) 83 (50.61)
>126.080 186 (48.19) 81 (49.39)
DBP (mmHg) 0.352
<75.289 202 (52.33) 78 (47.56)
>75.289 184 (47.67) 86 (52.44)
HR on admission (beats/min) 0.113
<81.59 202 (52.33) 73 (44.51)
>81.59 184 (47.67) 91 (55.49)
NYHA classification 0.452
Il 131 (33.94) 47 (28.66)
i 183 (47.41) 86 (52.44)
v 72 (18.65) 31 (18.90)
IComorbidities
Smoking 81 (20.98) 36 (21.95) 0.889
Hypertension 204 (52.85) 87 (53.05) 1.000
Diabetes mellitus 113 (29.27) 39 (23.78) 0.225
Coronary heart disease 149 (38.60) 72 (43.90) 0.287
Atrial fibrillation 198 (51.30) 76 (46.34) 0.332
Dyslipidemia 21 (5.44) 16 (9.76) 0.097
Stroke 38 (9.84) 17 (10.37) 0.975
Ventricular Assist Device 119 (30.83) 47 (28.66) 0.685
Medications
Beta-blocker 280 (72.54) 126 (76.83) 0.347
ACEI/ARB 287 (74.35) 120 (73.17) 0.855
Aspirin 67 (17.36) 29 (17.68) 1.000
(Continued)
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Table 3 (Continued).

Characteristics Derivation Group (N=386) Validation Group (N=164) P value

Statin 232 (60.10) 107 (65.24) 0.299

Diuretics 335 (86.79) 142 (86.59) 1.000

Antiplatelet drugs 97 (25.13) 53 (3232) 0.104

Oral anticoagulants 185 (47.93) 63 (38.41) 0.050

Calcium-channel blockers 46 (11.92) 24 (14.63) 0.463

Nitrates 32 (829) I (6.71) 0.646

Blood test

BNP (pg/mL) 0.445

<530.21 199 (51.55) 78 (47.56)

2530.21 187 (48.45) 86 (52.44)

LEVF (%) 0.878

<40 125 (32.38) 53 (32.32)

4049 80 (20.73) 37 (22.56)

250 181 (46.89) 74 (45.12)

Neutrophil count (10%/L) 0.053

<4.305 206 (53.37) 72 (43.90)

24.305 180 (46.63) 92 (56.10)

Lymphocyte count (10°/L) 0.352

<1.241 184 (47.67) 86 (52.44)

>|.241 202 (52.33) 78 (47.56)

Monocyte count (10°/L) 0.101

<0.442 210 (54.40) 76 (46.34)

20.442 176 (45.60) 88 (53.66)

Platelet count (10%/L) 0.077

<173.969 203 (52.59) 72 (43.90)

2173.969 183 (47.41) 92 (56.10)

BUN (mg/dL) 0.342

<7.132 200 (51.81) 77 (46.95)

27.132 186 (48.19) 87 (53.05)

Creatinine (umol/L) 0.540

<81.67 201 (52.07) 80 (48.78)

28l.67 185 (47.93) 84 (51.22)

TG (mmol/L) 0.263

<0.991 190 (49.22) 90 (54.88)

20.991 196 (50.78) 74 (45.12)

TC (mmol/l) 1.000

<3.556 193 (50.00) 82 (50.00)

23.556 193 (50.00) 82 (50.00)

LDL-C (mmol/L) 0.853

<2.021 188 (48.70) 82 (50.00)

22.021 198 (51.30) 82 (50.00)

HDL-C (mmol/L) 0.467

<1.127 190 (49.22) 87 (53.05)

21.127 196 (50.78) 77 (46.95)

Apolipoprotein-A (g/L) 1.000

<1.213 196 (50.78) 83 (50.61)

21.213 190 (49.22) 81 (49.39)

Apolipoprotein-B (g/L) 0.805

<0.744 201 (52.07) 88 (53.66)

20.744 185 (47.93) 76 (46.34)

Lipoprotein(a) (mg/L) 0.711

<82.7 199 (51.55) 81 (49.39)

282.7 187 (48.45) 83 (50.61)

hs-CRP (mg/L) 2.24 (0.94, 5.72) 277 (1.14,7.33) 0.158

(Continued)

6792 https: Journal of Inflammation Research 2022:15

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Liu et al

Table 3 (Continued).

Characteristics Derivation Group (N=386) Validation Group (N=164) P value
Systemic inflammatory markers

LMR 2.96 (2.12, 4.02) 2.68 (2.02, 3.80) 0.186
PLR 132.39 (100.66, 185.49) 147.81 (108.65, 197.00) 0.032
NLR 3.37 (241, 4.73) 3.70 (2.47, 4.59) 0.317
MHR 0.38 (0.26, 0.54) 0.42 (0.29, 0.57) 0.133
Sli 559.59 (371.58, 825.41) 681.75 (406.41, 918.92) 0.020
SIRI 1.41 (0.97, 2.14) 1.65 (1.02, 2.32) 0.046
Composite outcome 229 (59.33) 101 (61.59) 0.690
Time (month) 20.25 (6.63, 29.00) 20.50 (5.00, 29.13) 0.574

Note: Data were shown as s a number (%) or median (25% quartile, 75% quartile).

Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HR, heart rate; ACEI, angiotensin-
converting enzyme inhibitors; ARB, angiotensin receptor blockers; BNP, B-type natriuretic peptides; LEVF, Left ventricular ejection
fractions; BUN, blood urea nitrogen; TG, triglycerides; TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-
density lipoprotein cholesterol; hs-CRP, high sensitivity C reactive protein; LMR, lymphocyte-to-monocyte ratio; PLR, platelet-to-
lymphocyte ratio; NLR, neutrophil-to-lymphocyte ratio; MHR, monocyte-to-high-density-lipoprotein ratio; S, systemic immune inflam-
mation index; SIRI, system inflammation response index.

Variable Selection

Univariate and multivariate Cox regression analyses were performed. Age, BMI, smoking, hypertension, coronary artery
disease, ventricular assist device, NYHA classification, B-blockers, ACEI/ARB, lymphocyte count, monocyte count,
BUN, creatinine, hs-CRP and systemic inflammatory markers (LMR, PLR, NLR, SII, and SIRI) were proved to
associated with CHF patients with adverse outcomes (all P<0.05) in the univariate Cox analysis. These variables were
then processed in multivariate Cox regression analysis (step-backward method) to assess their predictive significance for
CHF. As a result, traditional factors including age (P=0.011), BMI (P=0.048), NYHA classification (P<0.001), creatinine
(P<0.001), and systemic inflammatory markers including LMR (P=0.001), and PLR (P=0.015) were determined to be
independent prognostic factors for adverse outcome in patients with CHF (Table 4).

Risk Model Development and Validation

Based on the results of the multivariate Cox regression analysis, three systemic inflammatory markers (PLR and LMR)
and traditional risk factors (age, BMI, NYHA classification, and creatinine) were utilized to construct a nomogram,
which can provide individualize prediction of the adverse outcome risk (Figure 2). In the derivation and validation
cohorts, the C-index for the nomogram of readmission or death risk was 0.739 (95% CI: 0.714-0.764) and 0.713 (95%
CI: 0.668-0.758) with bootstrapping, respectively.

As shown in Figure 3, the AUCs for adverse outcomes in the derivation cohort were 0.725 (95% CI: 0.672—-0.778)
and 0.726 (95% CI: 0.639-0.813) at 1 year and 3 years, and in the validation cohort were 0.712 (95% CI: 0.623—
0.801) and 0.731 (95% CI: 0.635-0.827), which indicated that the nomogram had good discrimination ability. The
calibration curve also revealed good agreement between the nomogram’s predictions and the actual outcomes
(Figure 4).

Clinical Application Value

In order to measure the clinical application value of the constructed nomogram, DCA was performed in the derivation
cohort (Figure 5A) and validation cohort (Figure 5B) had good clinical application in predicting adverse outcomes in
CHF patients at 1 and 3 years.

Risk Analysis
The prognostic factors were fed into a nomogram, and risk scores were calculated for each patient. Risk stratification was
established using the median of the scores, and the study cohort was divided into high-risk and low-risk groups (Figure 6). In
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Table 4 Univariate and Multivariate Cox Analyses of Death or Readmission in Patients with Chronic Heart

Failure

Variables Univariate Analysis Multivariate Analysis
HR (95% CI) P value HR (95% CI) P value

Age 0.011
<60 Reference Reference
60-69 1.07 (0.75-1.54) 0.695 0.94 (0.65—1.36) 0.750
70-79 1.46 (1.04-2.06) 0.029 1.16 (0.81-1.66) 0.430
>79 2.43 (1.75-3.39) <0.001 1.56 (1.08-2.24) 0.017
BMI 0.048
<18.5 Reference Reference
18.5-24.9 0.72 (0.48-1.06) 0.097 0.72 (0.48-1.07) 0.104
25-29.9 0.59 (0.39-0.89) 0.013 0.60 (0.39-0.92) 0.019
>29.9 0.51 (0.28-0.95) 0.033 0.48 (0.26-0.90) 0.022
NYHA classification <0.001
Il Reference Reference
11l 1.36 (1.05-1.77) 0.020 1.31 (1.00-1.70) 0.048
v 2.14 (1.58-2.90) <0.001 1.94 (1.42-2.66) <0.001
Smoking 0.68 (0.51-0.91) 0.008
Hypertension 1.30 (1.04-1.61) 0.019
Coronary heart disease 1.40 (1.13-1.74) 0.002
Ventricular Assist Device 0.76 (0.59-0.98) 0.031
Beta-blocker 0.75 (0.59-0.95) 0.016
ACEI/ARB 0.67 (0.53-0.85) 0.001
Lymphocyte count 0.62 (0.5-0.77) <0.001
Monocyte count 1.28 (1.03-1.59) 0.023
BUN 1.48 (1.19-1.84) <0.001
Creatinine 0.484 (0.379-0.618) <0.001 0.43 (0.30-0.62) <0.001
hsCRP 1.02 (1.00-1.04) 0.023
LMR 0.76 (0.70-0.83) <0.001 0.85 (0.780-0.93) 0.001
PLR 1.00 (1.00-1.01) <0.001 1.002 (I1-1.004) 0.015
NLR 1.09 (1.06-1.13) <0.001
NI 1.00 (1.00-1.01) <0.001
SIRI 1.09 (1.05-1.14) <0.001

Abbreviations: BMI, body mass index; ACEI, angiotensin-converting enzyme inhibitors; ARB, angiotensin receptor blockers; BUN, blood urea
nitrogen; hs-CRP, high sensitivity C reactive protein; LMR, lymphocyte-to-monocyte ratio; PLR, platelet-to-lymphocyte ratio; NLR, neutrophil-to
-lymphocyte ratio; Sll, systemic immune inflammation index; SIRI, system inflammation response index.

the derivation group, the risk of adverse outcomes at 1 and 3 years for patients in the high-risk group were 49.46% and
92.93%, in the low-risk group were 19.31% and 86.14%. Log-Rank method showed that the KM curves of the high-risk and
low-risk groups were significantly different in the two cohorts (derivation group, and validation group).

The Prognostic Values of the Systematic Inflammatory Markers-Based Nomograms in
HFrEF, HFmrEF and HFpEF Groups

In the HFrEF group, univariate and multivariate cox analysis yielded four prognostic factors (Table S1) as NYHA
classification (P = 0.010), coronary heart disease (P = 0.002), ACEI/ARB (P = 0.003), and LMR (P = 0.004), which were
employed to establish the nomogram (Figure S1A). The constructed nomogram achieved AUC values of 0.705 (95% CI:
0.620-0.790) and 0.673 (95% CI: 0.556-0.791) for the 1- and 3-year adverse outcomes prediction (Figure S1B),
separately, with better clinical benefits (Figure S1C).

In the HFmrEF group, only NLR (P=0.002) presented significant difference between patients with adverse outcomes and
without via multivariate cox analysis. Thus, the differential variables in the univariate cox analysis (Table S2), including PLR
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Figure 2 Integrating with systemic inflammatory indicators and traditional prognostic factors, a novel nomogram was constructed for the adverse outcome prediction in
patients with CHF. The line segment corresponding to each variable is marked with a scale, representing the range of values available for that variable, while the length of the
line segment reflects the size of the factor’s contribution to the ending event. “Point” indicates the individual score corresponding to each variable at different values, and
“total Point” represents the sum of the individual scores of all variables taken together. Using the total score as a basis and drawing a vertical line downwards, one can know
the corresponding future survival rates for that patient for |, and 3 years.

(P=0.012), NLR (P=0.001), SII (P<0.001), and SIRI (P=0.015) were utilized to nomogram construction (Figure S2A). The
nomogram yielded AUC values of 0.662 (95% CI: 0.557-0.766) and 0.654 (95% CI: 0.512—0.796) for 1- and 3-year adverse
outcome prediction (Figure S2B), separately, with relative fair clinical benefits (Figure S2C).

As a result of the univariate and multivariate cox analysis (Table S3), age (P=0.006), NYHA classification (P=0.012),
LMR (P=0.007), and PLR (P=0.027) proved to be independent risk factors for patients’ adverse outcome in the HFpEF
group, and a nomogram was built, accordingly (Figure S3A). The established nomogram presented AUC values of 0.731
(95% CI: 0.667-0.794), and 0.723 (95% CI: 0.639-0.806) for 1- and 3-year adverse outcomes prediction (Figure S3B),
the DCA analysis also illustrated its better clinical benefits (Figure S3C).

Discussion

Integrated with systemic inflammatory markers (PLR and LMR) and traditional prognostic factors (age, BMI, NYHA
classification, and creatinine), this study established a novel nomogram to evaluate the risk of cardiovascular readmission
or all-cause mortality in patients with CHF. The nomogram yielded satisfactory predictive performance, with C-index
values of 0.739 (95% CI: 0.714-0.764) and 0.713 (95% CI: 0.668-0.758) in the derivation and validation cohorts,
respectively. The DCA showed that the model has clinical application and can help clinicians early screen high-risk
patients with CHF. Besides, the systematic inflammatory markers-based nomograms proved to be effective prediction
tools for prognosis of CHF patients with different cardiac functional grades.
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CHF is a complex clinical syndrome whose development is often accompanied by comorbidities such as obesity,
hypertension, diabetes, and chronic kidney disease.”” These comorbidities may trigger a systemic inflammatory state that
leads to inflammation of microvascular endothelial cells and increased production of reactive oxygen species (ROS), and
reduced utilization of nitric oxide (NO), resulting in myocardial cell injury.”® In turn, chronic inflammation caused by
myocardial injury drives monocyte infiltration into the myocardium and differentiation into pro-inflammatory macro-
phages (M1), further leading to poor left ventricular remodeling and diastolic disturbances.*® In addition, activation of
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Figure 6 Kaplan-Meier curve analysis between high- and low- risk CHF patients in the derivation cohort (A) and validation cohort (B). The horizontal coordinate of the
graph represents survival time, the vertical coordinate represents survival rate, the starting point is the start of follow-up, and the falling curve represents patient death. The
P-value results from the Log rank test, which measures whether there is a difference in survival between the two curves.

classical neurohormonal systems (sympathetic nervous system and renin-angiotensin-aldosterone system) triggers
a sustained myocardial inflammatory response that affects the structure and function of the heart.” Thus, inflammation
is an important pathophysiological feature of HF that independently predicts the prognosis of patients with HE.'*-'!-**
Systemic inflammatory markers (PLR and LMR) are novel inflammatory markers that have been used in recent years in many
studies for prognostic risk assessment in oncology and cardiovascular disease.”> >’ Compared with traditional inflammatory
markers such as interleukin 1 (IL-1), interleukin 6 (IL-6) and tumor necrosis factor-alpha (TNF-a), systemic inflammatory
markers are easy to detect and can be obtained through routine blood testing, which is convenient for clinical use and promotion. In
this study, systemic inflammatory markers (PLR and LMR) were identified as independent risk factors of adverse outcomes in
patients with CHF via univariate and multivariate Cox analysis. A previous study showed that high levels of PLR were an
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independent risk factor for all-cause mortality in patients with acute HF.*® In concordant with the above study, we also found that
PLR is associated with adverse outcomes in patients with CHF, which complemented the prognostic value of PLR in CHF.
Another study reported that LMR, a systemic inflammatory index, was strongly associated with the risk of death in patients with
HF, and we have proved that LMR was independent risk factor for patients with CHF in former research.?’* In this study, the
results of univariate and multivariate Cox regression showed that LMR was a protective factor for poor prognosis in CHF patients,
which was in accordance with the previous studies.

Except for systemic inflammatory markers, traditional markers including age, BMI, NYHA classification, and creatinine
were also proved to be risk factors for adverse outcomes in patients with CHF in this study, which were consistent with the
results in previous studies.®'** HF is a quintessential geriatric cardiovascular condition, with a prevalence of 6% in people aged
60-79 years and 12% in people aged 80 years and older, and the prevalence is likely to increase in the future with the aging of
the population.®* The relationship between obesity and HF is widely recognized.>* Although obesity is known to have adverse
effects on both systolic and diastolic cardiac function and epidemiological data show a strong association between obesity and
heart failure, many studies have shown that obese patients with HF have a better prognosis.®> In this study, we found that
patients with the lowest BMI were associated with a poor prognosis of CHF, which is consistent with the previous report.
NYHA classification is common risk factor for CHF and are recognized as the independent risk factors for HF prognosis.>®’

In previous studies, the model constructed based on cardiopulmonary exercise test duration, the Kansas City Cardiomyopathy
Questionnaire (KCCQ) and other clinical markers have good predictive performance for adverse outcomes (death or readmission)
in heart failure with reduced ejection fraction (HFrEF) patients.*® However, the model is based on the HF population from the
United States and is only applicable to HFrEF patients. Our study included patients with HF in all ejection fraction ranges and was
had good applicability to Chinese CHF patients. In another study, researchers developed a model for Chinese patients with HF
using markers from cardiopulmonary exercise tests and traditional prognostic risk factors, which showed good predictive
performance for poor outcomes in patients with CHF.>* Unfortunately, the cardiopulmonary exercise test indexes included in
their model are less frequently tested in rural Chinese hospitals and do not benefit CHF patients in remote areas. Compared with
their model, the systemic inflammatory indexes included in our model can be obtained from routine tests, and other indexes can be
easily assessed, which are more suitable for use in rural Chinese hospitals. In addition, the nomogram constructed in our study
possessed better predictive performance (C-index value: 0.739 vs 0.690). Besides, we explored the prognosis predictive values of
the systematic inflammatory markers-based nomograms in subgroups (HFrEF, HFmrEF, and HFpEF groups). After processing all
variables in the univariate and multivariate cox analysis, each subgroup yielded at least one systematic inflammatory marker as
prognostic factors, and the nomograms were established. As a result, the systematic inflammatory markers-based nomograms
proved to be effective adverse outcomes’ prediction tools for patients with different cardiac functional grades.

Our research may contribute to the clinical relevance and public implications in the following terms: First of all, the
novel prognostic biomarkers (PLR and LMR) we found provide an innovative, accurate, low-cost and convenient
reference that could facilitate physician to better predict the adverse outcome of patients with CHF, which will benefit
the development of the clinical strategies. Secondly, the systemic inflammatory prognostic factors (PLR and LMR) may
not only be a tool to monitor the prognosis of patients with CHF, but also be a potential therapeutic target in that its
underlying pathophysiological mechanisms may affect the disease progression of chronic heart failure. Thirdly, by
combining systemic inflammatory prognostic factors (PLR and LMR) and traditional risk factors (age, BMI, NYHA
classification, and creatinine) we establish four nomograms that assist the clinicians to evaluate the survival situation of
patients with different cardiac function grades, contributing to the development of precision medicine.

Our study has the following limitations:" this study is a single-center retrospective cohort study with a small sample
size, which needs to be validated by a large-scale multicenter study in the future;” the systemic inflammation involved in
this study was collected at the time of hospital admission, which lacks analysis of longitudinal changes in inflammatory
markers;® our model lacks external validation and is not compared with other CHF risk prediction models.

In conclusion, this study constructed a risk prediction model for the prognosis of CHF patients based on systemic
inflammatory markers (PLR and LMR) and traditional risk factors (age, BMI, NYHA classification, and creatinine). The
prediction model was able to predict the risk of adverse outcomes (all-cause death and readmission for heart failure
episodes) in CHF patients at 1 and 3 years, which can be used to guide early screening of high-risk patients and provide
a reference tool for clinical treatment decisions.
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