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Abstract

Inflammation contributes to the pathophysiological processes of coronary artery disease. We evaluated the association betwg
inflammatory biomarkers, neutrophil-to-lymphocyte ratio (NLR), red cell distribution width (RDW), systemic inflammatory index,
platelet-lymphocyte ratio, and 1-year all-cause mortality in patients underwent percutaneous coronary intervention (PCI). In this
retrospective cohort, we consecutively enrolled 4651 patients who underwent PCI. Baseline demographic details, clinical data,
and laboratory parameters on admission were analyzed. The primary outcome was 1-year all-cause mortality after PCIl. We
performed Cox regression and restricted cubic spline analysis to assessed the association between the inflammatory biomarkers
and the clinical outcome. The area under the curve from receiver operating characteristic analysis was determined for the ability
to classify mortality outcomes. A total of 4651 patients were included. Of these, 198 (4.26%) died on follow-up. Univariate Cox
regression showed that NLR (heart rate [HR]: 1.070, 95% confidence interval [Cl]: 1.060-1.082, P < .001), RDW (HR: 1.441,
95% CI 1.368-1.518, P < .001), systemic inflammatory index (HR: 1.000, 95% CI 1.000-3.180, P < .001), platelet-lymphocyte
ratio (HR: 3.812, 95% CI 1.901-3.364, P < .001) were significant predictors of 1-year all-cause mortality. After adjusting for other
confounders in multivariate analysis, NLR (HR: 01.038, 95% Cl 1.022-1.054, P < .001) and RDW (HR: 1.437, 95% Cl 1.346-
1.5635, P < .001) remained significant predictors. Restricted cubic spline analysis showed the relationship between RDW, NLR,
and 1-year all-cause mortality was linear after adjusting for the covariables (P for non-linearity < 0.001). The multivariable adjusted
model led to improvement in the area under the curve to 0.83 (P < .05). Nomogram was created to predict the probability of 1 year
mortality. Among the laboratory indices, RDW and NLR showed the best performance for mortality risk prediction. Multivariate
predictive models significantly improved risk stratification.

Abbreviations: AUC = area under the curve, CAD = coronary artery disease, CKD = chronic kidney disease, Hb = hemoglobin,
HR = heart rate, HRR = hemoglobin-to-RDW ratio, MACE = major adverse cardiovascular events, Ml = myocardial infarction,
NLR = neutrophil-lymphocyte ratio, PCl = percutaneous coronary intervention, PLR = platelet-lymphocyte ratio, RDW = red cell
distribution width, ROC = receiver operating characteristic, Sll = systemic inflammatory reaction index.

Keywords: all-cause mortality, neutrophil-to-lymphocyte ratio (NLR), percutaneous coronary intervention (PCIl), platelet-
lymphocyte ratio (PLR), red blood cell distribution (RDW), systemic inflammatory index (Sll)

1. Introduction

Coronary artery disease (CAD) is a leading public health
problem,"! causing a huge burden on society and individuals.
However, despite the emergence and technological advances in
percutaneous coronary intervention (PCI), major adverse car-
diovascular events (MACE) remain common for patients with
CAD. Therefore, potential biomarkers that can be used for
improving risk stratification need to be identified.
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As we all know, inflammation and immunity play a key role
in the pathological process of atherosclerosis.?! Neutrophils
activate macrophages, promote monocyte recruitment, accel-
erating all stages of atherosclerosis, whereas lymphocytes play
an anti-atherosclerotic effect. Various inflammation markers,
such as red cell distribution width (RDW), C-reactive protein,
neutrophil-to-lymphocyte ratio (NLR), hemoglobin-to-red-cell
distribution width ratio (HRR), systemic inflammatory index
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systemic inflammatory index (SII), and platelet-lymphocyte
ratio (PLR) have been used for predicting the occurrence of
various adverse events in patients with cardiovascular dis-
eases, as reviewed by recent systematic reviews and meta-
analyses.’! However, to the best of our knowledge, few
studies have directly compared the predictive values of these
biomarkers. In this study, we aimed to evaluate the prediction
values of these inflammatory indices for patients underwent
PCI, and further develop a nomogram incorporating simple
and accessibility indices to clinical data to predict the progno-
sis of 1 year mortality.

2. Methods

2.1. Study population

This study was approved by the Ethics Committee of The
Second Hospital of Tianjin Medical University (KY2023052-
01). The need for informed consent was waived by the ethics
committee owing to the retrospective, observational nature
of this study. Patients with CAD underwent PCI were consec-
utively enrolled from January 2019 to February 2022 at the
Second Hospital of Tianjin Medical University. The inclusion
criteria included: patients aged > 18 years; those who under-
went PCI and implanted 1 or more stent; the exclusion criteria
were as follows: patients with malignant tumors, infectious dis-
eases, autoimmune diseases, incomplete blood cell count, loss
of follow-up.

2.2. Data collection and laboratory measurements

We collected the demographic, clinical, and laboratory
data; neutrophils, RDW, hemoglobin (Hb), platelets, lym-
phocyte were calculated the following indices, NLR, SII,
PLR, and HRR. And also recorded the medications at dis-
charge: antiplatelet drugs (aspirin or clopidogrel), statins, -

blockers.

2.3. Disease definition

Hypertension was defined as systolic blood pressure > 140 mm
Hg (Imm Hg=0.133 kPa) and/or diastolic blood pres-
sure > 90 mm Hg at rest or a previous diagnosis of hypertension
with antihypertensive therapy. Diabetes mellitus was defined
according to the American Diabetes Association: (1) glycated
Hb value of 6.5% or higher, (2) fasting plasma glucose > 126 mg/
dL (7.0 mmol/L), (3) 2-h plasma glucose >200mg/dL (11.1
mmol/L) during an oral glucose tolerance test using 75 g of glu-
cose, and/or. Dyslipidemia was defined as a serum total choles-
terol level = 5.18 mmol/L (200 mg/dL), high-density lipoprotein
cholesterol level < 1.04 mmol/L, low-density lipoprotein choles-
terol level > 3.37 mmol/L, triglyceride level > 1.7 mmol/L, or a
previous diagnosis of dyslipidemia with prescribed medication.
Chronic kidney disease (CKD) was defined as eGFR < 60mL/
min, duration > 3 months.

2.4. Study endpoints and follow-up

The endpoint of the present study was 1-year all-cause mortal-
ity, which was defined as death from any cause. Follow up data
were collected via a review of electronic medical records and/or
clinic visits. The median follow-up duration was 429 days.

2.5. Statistical analysis

SPSS 25.0 (IBM Corp., Armonk, NY) and R version 4.2.0 was
used to statistical analysis. The normality of the continuous
variables was determined using the Kolmogorov-Smirnov
test. Categorical variables were presented as percentages.
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Continuous variables are presented as mean = standard devi-
ation, while those without normal distribution are presented
as median and interquartile range. Continuous variables with
a normal distribution were compared between the groups by
using the independent ¢ test and continuous variables with-
out a normal distribution were compared by using the Mann—
Whitney test. Categorical comparisons were performed using
Chi-square test.

Receiver operating characteristic (ROC) curve analysis was
performed to evaluate the sensitivity and specificity of the
inflammation makers for predicting ACM. Age, sex and param-
eters that were significant on univariable analysis were included
in multivariable cox regression models to identify potential risk
factors. Restricted cubic spline analysis was performed to evalu-
ate the relationship between RDW, NLR as a continuous param-
eter and 1-year all ACM mortality.

The predictive ability was assessed by the area under the
receiver operating characteristic curve (AUC). Nomogram
were developed to predict the probability of 1-year ACM mor-
tality based on the results of the multivariable COX regres-
sion. The P values were 2-sided, and P < .05 was considered
significant.

3. Results

3.1. Clinical results

The identification of study subjects was shown in the flow-
chart in Figure 1. A total of 4651 patients were enrolled
into this study with a median follow-up of 429 days. 198
patients died, irrespective of the cause of death (1-year all-
cause mortality of 4.3%). The baseline characteristics of
the study cohort stratified by survival status are shown in
Table 1. There were 4453 patients (M/F, 63.7 %/36.3%) in
the survival group and 198 patients (M/E, 65.7 %/34.3%)
in the non-survival group. Compared to patients who
remained alive, those who died had advancing age, higher
values of systolic blood pressure, diastolic blood pressure,
and heart rate (P < .05), and lower frequencies of hyperten-
sion, cerebrovascular accident, and CKD (P <.05). There
were significant differences, including white blood cell count,
Hb, lymphocytes, neutrophils, percentage of neutrophils,
RDW, NLR, SII, and PLR between the 2 groups, as shown in
Table 1 and Figure 2 (P < .05).

3.2. Association between inflammatory biomarkers and
1-year all-cause mortality

Univariable Cox regression showed that age, myocardial
infarction (MI), co-morbidities (CKD, cerebrovascular acci-
dent), inflammatory markers (RDW, NLR, SII, and PLR),
and medication at discharge (aspirin, clopidogrel, beta
blockers, statins) were significant risk factors for 1-year
mortality.

Multivariable Cox regression was performed, and found that
age (heart rate [HR] = 0.439, 95% CI 0.330-0.584, P <.001),
RDW (HR: 0.319; 95% CI: 0.237-0.429; P < .001), NLR (HR:
0.471; 95% CI: 0.345-0.643; P <.001), remained significant
predictors. SIT and PLR were only found to be risk factors in the
unadjusted model Table 2.

Restricted cubic spline analysis showed that the relationship
between RDW, NLR, and 1-year all-cause mortality was linear
after adjusting for all the variables (P for non-linearity < 0.001).
cutoff values of RDW and NLR were allocated at 12.9 and 2.9,
respectively. With the continuous change of RDW and NLR, the
risk of 1-year mortality increased linearly. This analysis demon-
strated that there was a continuous increase in the risk with
increasing NLR, RDW (Fig. 3), P <.001 for the adjusted linear
model.
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Figure 1. The flowchart of participants inclusion.

Patient characteristics (demographical, clinical, and laboratory results).

Survival Non-survival
Variables n = 4453 n=198 z P-value
Age (years) 66 (60-73) 73 (65-81) —-8.631 <.001
Sex (M) 63.70% 65.70% 0.304 581
SBP (mm Hg) 136 (123-150) 133 (112-150) -2.614 .009
DBP (mm Hg) 80 (72-80) 75 (65-85) 5.322 <.001
HR (rate/min) 72 (64-81) 80 (69-93) 6.253 <.001
MI (n [%)) 34.9% 63.1% 10.644 <.001
Hypertension (n [%]) 72.90% 81.80% 7.639 .006
Diabetes mellitus (n [%]) 38.00% 44.40% 3.36 .067
Dyslipidemia (n [%]) 20.50% 16.20% 2.207 137
CAH (n [%)) 15.60% 33.30% 43.682 <.001
CKD (n [%)) 9.10% 41.40% 209.877 <.001
Smoking history (n [%]) 30.50% 33.30% 0.73 .393
WBC (median [Q1-Q3]) 7.25 (6.0-9.0) 8.44 (6.22-10.80) —4.841 <.001
Hb (median [Q1-Q3]) 137 (125-149) 114 (94.7-134) -11.716 <.001
Platelets(median [Q1—-Q3]) 215 (180-256) 222 (180.5-273.0) -1.05 294
Lymphocytes (median [Q1-Q3]) 1.65(1.25-2.12) 1.16 (0.845-1.71) -8.561 <.001
Neutrophils% (median [Q1-Q3]) 0.68 (3.7-6.3) 0.75(0.68-0.83) -9.149 <.001
NLR (median [Q1-Q3)) 2.91 (2.05-4.19) 4.83 (3.15-8.41) -10.678 <.001
HRR (median [Q1-Q3]) 10.7 (9.6-11.6) 8.36 (6.54-10.08) -13.392 <.001
Sl (median [Q1-Q3]) 621.8 (417.9-930.9) 1073.3 (655.5-2018.1) —9.688 <.001
PLR (median [Q1-Q3]) 131.5(98.3-171) 182.9 (122.9-275.7) —6.109 <.001
RDW (median [Q1-Q3]) 12.9 (12.5-13.4) 13.7 (12.97-14.8) -10.509 <.001
Aspirin (n [%]) 83.90% 51.00% 141.354 <.001
Clopidogrel (n [%]) 67.00% 60.60% 3.478 .062
Beta blockers (n [%]) 60.50% 46.00% 16.571 <.001
Statins (n [%]) 92.60% 66.70% 163.541 <.001

CAH = cerebrovascular accident history, CKD = chronic kidney disease, DBP = diastolic blood pressure, Hb = hemoglobin, HR = heart rate, HRR = hemoglobin-to-RDW ratio, MI = myocardial infarction,
NLR = neutrophil-lymphocyte ratio, PLR = platelet-lymphocyte ratio, RDW = red cell distribution width, SBP = systolic blood pressure, Sll = systemic inflammatory reaction index.

3.3. ROC analysis for 1-year all-cause mortality P <.001) and SII (AUC: 0.704, P <.001) had higher predictive

The ROC curve was applied to compare the predict value of dif- ability for 1-year all-cause mortality. PLR alone had a lower
ferent inflammatory variables, including NLR, RDW, SII, PLR predictive value (AUC = 0.683, P <.0001), Figure 4.

and the multivariable adjusted model in our cohort at 1-year
follow-up. The adjusted model incorporating demographic and 3.4. Sub Ivsi
comorbidities was better than the stand-alone predictor RDW, -4. Subgroup analysis

NLR, PLR, SII (AUC=0.83, P <.0001). NLR (AUC: 0.722, MI and non-MI were used as stratification variables to observe
P <.001) had the highest predictive power, RDW (AUC: 0.718,  the effect size trend, and a forrest plot of data was performed,
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Figure 2. Boxplots of the RDW, NLR, PLR, and Sl showing the distribution in the survival group (n = 4651) and non-survival group (n = 198). NLR = neutrophil-
lymphocyte ratio, PLR = platelet-lymphocyte ratio, RDW = red cell distribution width, Sl = systemic inflammatory reaction index.

Univariable and multivariable Cox regression to identify significant predictors of 1-year survival.

Univariate Multivariable

Covariates HR (95% CI) P-value HR (95% Cl) P-value
Age 1.071 (1.055-1087) <.001 1.051 (1.035-1.066) <.001
Female 1.088 (0.811-1.459) 574

Mi 3.206 (2.402-4.279) <.001 2.216 (1.590-3.087) <.001
Hypertension 0.604 (1.154-2.377) .006

CKD 6.66 (5.018-8.839) <.001 2.383 (1.745-3.253) <.001
Cerebrovascular accident history 2.626 (1.954-3.529) <.001 0.575 (0.425-0.778) <.001
DM 0.76 (0.574-1.006) .055

AF 0.446 (1.954-3.529) 145

RDW 1.441 (1.368-1.518) <.001 1.437 (1.346-1.535) <.001
NLR 1.070 (1.060-1.082) <.001 1.038 (1.0221.054) <.001
Sl 1.000 (1.000-3.180) <.001

PLR 3.812 (1.901-3.364) <.001

Aspirin 4.931 (3.731-6.516) <.001

Clopidogrel 0.779 (0.585-1.036) .086

Beta blockers 0.549 (0.415-0.726) <.001 1.432 (1.066-1.923) 017
Statins 0.161 (0.120-0.217) <.001 3.093 (2.229-3.093) <.001
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Figure 3. Association between RDW, NLR, and 1-year mortality (adjusted for all covariants in multivariable model). NLR = neutrophil-lymphocyte ratio, RDW =
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Figure 4. Receiver operator characteristics curve of the NLR, RDW, SlI, PLR, and the adjusted model for 1-year mortality. NLR = neutrophil-lymphocyte ratio,
PLR = platelet-lymphocyte ratio, RDW = red cell distribution width, SIl = systemic inflammatory reaction index.

Figure 5. It showed that similar results were found in associ-
ation between RDW), NLR, SII, PLR, and 1-year mortality for
patients in MI group.

3.5. A novel nomogram for 1-year mortality after PCI

Nomogram was developed to predict the probability of 1-year
mortality, which was established using the significant predictors
mentioned earlier, Figure 6. The nomogram allowed direct read-
ing of the probability, after summing the points for each single
predictor.

4. Discussion

The main findings of our study are that, of the different labora-
tory biomarkers obtained from routine blood tests, RDW and
NLR showed the best predictive value for 1-year mortality pre-
diction, comparing with PLR, SII. With the continuous change
of RDW and NLR, the risk of 1-year mortality increased lin-
early. Multivariable predictive model incorporating RDW, NLR
into demographic and clinical risk factors was able to improve
risk stratification.

Coronary atherosclerosis is the major pathological pro-
cess underlying CAD,® with important molecular mechanisms
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Figure 6. Nomogram to estimate the risk of 1-year mortality in patients after PCI. PCI = percutaneous coronary intervention.

including pro-inflammatory changes, high oxidative stress envi-
ronment and endothelial dysfunction.”? Clinically, GRACE risk
score is most commonly used risk score system for estimating
the prognosis for patients presenting with acute coronary syn-
dromes. However, it does not incorporate biomarkers that reflect
the underlying pathologic processes of inflammation and oxida-
tive stress. Recent efforts have focused on the use of routinely

obtained, low cost and easily accessible biomarkers, such as
red cell distribution width (RDW), neutrophil-lymphocyte ratio
(NLR), systemic immune-inflammation index (SII), HRR, platelet-
lymphocyte ratio (PLR) for risk stratification in cardiovascular
diseases.l*'% Consistent with previous studies, NLR is signifi-
cantly associated with 1-year mortality in CAD in this current
study. Xu et al" found that NLR > 3.39 was association with
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adverse cardiovascular events in patients with left main and/or
three-vessel disease. In our study, NLR > 2.9 adjusting for the
covariables was an independent predictor of 1-year mortality.

In addition to previous studies focusing on the functional
changes of platelets and neutrophils, others have focused on
the abnormal structure and function of red blood cells that can
serve as biomarkers of prognosis in CVD. The RDW reflects
the degree of heterogeneity of erythrocyte volume, which is
traditionally for differential diagnosis of anemias. It has been
explored as a biomarker for predicting prognosis in cancer, car-
diovascular disease, diabetes, venous thromboembolism, atrial
fibrillation, stroke, chronic obstructive pulmonary disease and
community-acquired pneumonia to name a few. Moreover,
RDW is a strong and independent risk factor for mortality in
the general population.'”?? One of the major determinants of
RDW is the hormone erythropoietin, which regulates matura-
tion and survival of erythrocytes. Inflammation and oxidative
stress could contribute to decreases in erythrocyte membrane
deformability. Inflammation can damage normal bone marrow,
lead to the reduced efficiency of red blood cell production, and
abnormal RBC membrane homeostasis, and further increases
the proportion of immature RBC, thereby increasing RDW.!"3!
Increased oxidative stress is associated with the variation in
erythrocyte size.

Several studies have already suggested elevated RDW level
was associated with poor prognosis in patients underwent PCI.

In 2009, Fukuta first reported that RDW was associated with
B-type natriuretic peptide in CAD patients undergoing cardiac
catheterization.!'*! Felker et al!**! found that RDW was an inde-
pendent predictor of the prognosis in patients with heart failure.
Fatemi et al'®! found that RDW was related to 1-year mortality
in patients underwent PCI (HR 1.65, CI 1.22-2.23, P =.001).
Liao et all'” analyzed the association between RDW and 1-year
all-cause and cardiovascular mortalities in patients undergo-
ing PCI, stratified RDW values into 5§ groups (13.4%, 14.1%,
14.8%, and 15.9%), and reported that RDW was an indepen-
dent predicting factor in patients. Furthermore, Xiao et all'®!
conducted a retrospective cohort study investigating the asso-
ciation between change of RDW values defined as ARDW with
MACE in patients undergoing PCI. They found that the inci-
dence of MACE:s in stable RDW group was significantly lower.

Likewise, in our study RDW was an independent predic-
tor for 1-year mortality in patients with CAD undergone PCI,
meanwhile the best cutoff value was 12.9 according to restricted
cubic spline analysis after adjusting for the covariables.

Furthermore, a research study including 390 STEMI patients
demonstrated adding RDW to the GRACE risk score system
could enhance the predictive power.!"")

Our findings align with previous research to some extent,
adding RDW and NLR to model composed of traditional risk
factors, showed incremental prognostic value for predicting
1-year mortality (AUC,0.830, P <.001).

Moreover, SII incorporates information from 3 white blood
cells subtypes, neutrophils, platelets, and lymphocytes. It
has been shown to predict poor prognosis in several cancers
and cardiovascular diseases.?**'! Many studies showed that
patients with higher levels of SII show increased predisposition
to stroke or cerebral venous thrombosis.??! Liu et al®! found
that compared with NLR and C-reactive protein, SII had bet-
ter predictive value for incident CAD. Weng et al?*! reported
that SII was associated with severity following stroke, and SII
was an independent prognostic indicator of poor prognosis at
3 months. Conversely, in our study, univariable analysis showed
SIT > 991.6 was related to 1-year prognosis, but not after adjust-
ing for other significant predictors. It can be speculated that the
study population is different, resulting inconsistent findings.

Other studies have found that Hb is a good predictor for MACE
and 1-year mortality in PCI patients.*>??! Regarding HRR, Xiu et
al?” found that it is an independent predictor for long-term mor-
tality with patients with PCI. They enrolled 6046 CAD patients
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underwent PCI, grouped into 2 groups, according to the HRR
median value of 10.25, showed that the lower HRR, the higher
long-term all-cause and cardiovascular mortality. By contrast, in
our study, HRR was not a significant predictor of all-cause mortal-
ity. It may be related to the shorter follow-up in our study.

To our knowledge, it is the first time to compare inflamma-
tion biomarkers based on blood routine test, involving NLR,
RDW, SII, PLR, and 1-year all-cause mortality in patients
underwent PCL. In this research, we developed a nomogram to
predict the probability of 1-year mortality, which was estab-
lished consisting of simple demographic, clinical, and labora-
tory data.

Nomogram is a simple and readily available predictive tool
that may help the clinician in risk stratification in patients with
CAD post PCI, providing support for future research.

5. Study limitations

Our study has some limitations. Firstly, despite the relatively
large sample size, this was a single-center retrospective cohort
study including Chinese patients. Other studies are needed to
confirm the generalizability of our results. Secondly, only base-
line values of laboratory biomarkers were obtained. Future
studies should investigate whether dynamic changes in inflam-
mation markers could further improve risk prediction. Thirdly,
to ensure the stability of the study results, we performed sub-
group analyses of whether the clinical presentation was myocar-
dial infarction at the admission, but did not perform subgroup
analyses for variables such as age and degree of anemia.

6. Conclusions

Among the laboratory indices, RDW and NLR showed the best
performance for mortality risk prediction. Multivariable predic-
tive models incorporating NLR, RDW, and comorbidities sig-
nificantly improved risk stratification.
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