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Background: Systemic immune inflammation has been investigated as a prognostic marker of different diseases. This study is
designed to assess the association of systemic immune-inflammation index (SII) with long-term mortality of stroke-associated
pneumonia (SAP) patients.

Methods: Patients aged >18 years with SAP were selected from the Nanjing Stroke Registry Program in China. We retrospectively
evaluated systemic immune-inflammation response with SII and pneumonia severity with the pneumonia severity index and the
confusion, uremia, elevated respiratory rate, hypotension, and aged 65 years or older score. To explore the correlation between SII and
mortality in SAP patients, multivariable Cox regressions and competing risk regressions were conducted. Mediation analysis was also
performed to assess the role of pneumonia severity.

Results: Among 611 patients in the SAP population, death occurred in 164 patients (26.8%) during the median follow-up of 3.0 (1.2—
4.6) years. In multivariate analysis, higher SII scores could predict increased mortality in patients with SAP (adjusted hazard ratio
2.061; 95% confidence interval, 1.256-3.383; P = 0.004), and the association was mediated by pneumonia severity. Moreover, adding
SII to traditional models improved their predictive ability for mortality.

Conclusion: Our study displayed that SII was characterized in SAP patients with different prognoses. Elevated SII scores increased
the risk of mortality. Further research is required for the clinical practice of the index among SAP patients.
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Introduction

Stroke is the second-leading cause of death and the third-leading cause of death and disability combined globally.! Of
particular note, the incidence and prevalence of stroke have grown faster in China than in other countries due to the aging
of the general population.” It is imperative to improve the quality of stroke treatment and the quality of life in stroke
patients. Stroke-associated pneumonia (SAP) is one of the most frequent medical complications in patients with stroke,
whose incidence varies among different studies.® ¢ Poststroke pneumonia has been proven to be a risk factor for the
development of other non-pneumonia complications after acute ischemic stroke (AIS).” In addition, SAP is significantly
associated with worse prognoses,” prolonged hospitalization durations,® and increased medical costs.” Previous studies
have developed several risk scores or machine learning models to predict SAP>*19712 Nevertheless, risk factors that
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influence the outcomes of SAP remain unclear. A study from the UK demonstrates that age, pre-stroke disability,
dementia, lung cancer, and previous transient ischemic attack are independently associated with the 6-month mortality of
SAP patients. However, laboratory indicators are not significant in this study.'® Thus, an easy and objective predictor is
needed to predict SAP outcomes.

Peripheral blood cells are verified to be significantly correlated with outcomes of both stroke and pneumonia. It is
suggested that the neutrophil-to-lymphocyte ratio (NLR) is associated with stroke severity, functional outcomes, and
recurrent stroke in patients with AIS.'* Moreover, NLR and platelet-to-lymphocyte ratio could predict early neurological
outcomes after thrombolysis in patients with AIS.'> In community-acquired pneumonia, NLR is associated with
mortality, and adding NLR to the confusion, uremia, elevated respiratory rate, hypotension, and aged 65 years or older
(CURB-65) score could significantly increase diagnostic accuracy.'® Moreover, higher levels of platelets, even in the
normal range, are prognostic for 30-day mortality of pneumonia patients.'”

Systemic immune-inflammation index (SII), calculated by peripheral platelet, neutrophil, and lymphocyte counts, was
introduced to reflect the balance of host immune and inflammatory status in patients with cancers at first.'"® Recently,
elevated SII are reported to predict severity and adverse outcomes in stroke patients.'®*® A large-scale prospective study
demonstrates that the highest group of SII is associated with the risk of stroke, myocardial infarction, and all-cause
mortality in patients without cardiovascular diseases.”’ Nevertheless, these studies eliminated patients with pneumonia.
The value of SII for predicting mortality in patients with SAP is unclear.

Hence, our study is aimed to detect the relationship between the SII score and long-term mortality in patients with
SAP. We hope to provide clues for the early detection of patients with poor prognoses.

Methods

The data that support the findings of this study are available from the corresponding author upon reasonable request.

Study Participants
This study retrospectively collected data on consecutive patients with AIS from January 1, 2013, to December 31, 2019
in the Nanjing Stroke Registry Program. This prospective registry was approved by the Ethics Review Board of Jinling
Hospital (approval number 2010NLY-018). Detailed information about Nanjing Stroke Registry Program has been
published previously.*? All patients who were clinically diagnosed with AIS were registered at admission after providing
informed consent. This study was conducted according to the Declaration of Helsinki.

Patients were included in our study if they (1) had AIS diagnosed within 7 days of onset; (2) were aged > 18; (3) had
a brain computed tomography or magnetic resonance imaging scan right before or during hospitalization; (4) were
diagnosed as stroke-associated pneumonia during the first 7 days after the index stroke;** (5) finished at least 1 year of
follow-up or deceased before then. Patients were excluded if they (1) lacked measurement of blood cells including
neutrophils, lymphocytes, and platelets; (2) had an active infection within 2 weeks before admission; (3) had immuno-
suppression (including taking more than 10 mg of prednisone-equivalent per day for at least 2 weeks, receiving cytotoxic
therapy, or having acquired immunodeficiency syndrome) or active tuberculosis; (4) had a history of hematological tumor
or autoimmune disease; (5) died within a month of onset.

Clinical Assessment

Baseline characteristics of study subjects, including demographic characteristics, vascular risk factors, clinical factors,
and laboratory results were all collected. Laboratory data were obtained within 24h of hospital admission. The severity of
stroke was assessed by well-trained neurologists who were not involved in the study using the National Institutes of
Health Stroke Scale (NTHSS) score.?* Stroke subtypes were divided according to the Trial of Org 10172 in Acute Stroke
Treatment classification.”” Dysphagia was identified with a bedside screening test performed on the first day after
admission. Patients were classified as nonsmokers, former smokers, and current smokers according to their smoking
status. Patients were defined as former smokers if they had quit smoking for more than 30 days before the index stroke,
while other smokers were classified as current smokers. A similar definition was also applied to alcohol consumers.
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The diagnosis of SAP was conducted retrospectively by an infection specialist who was blind to other clinical and
laboratory results according to the medical record or the antibiotic therapy. We included both probable and definite SAP,
regardless of chest x-ray or CT findings.”® Well-validated scores of pneumonia burdens were assessed within 24 hours of
SAP diagnoses, including the pneumonia severity index (PSI) and the CURB-65 score (Table S1).22” The SII score was
calculated as total peripheral platelet counts (P; x10°/L) x neutrophil counts (N; x10%/L) / lymphocyte counts (L; x10%/L).'®
To minimize the skewness of the distribution, the SII was transformed into a logarithmic scale.

Follow-Up and Endpoint
The primary outcome was defined as all-cause mortality, which was evaluated through structured telephone interviews
conducted by a trained nurse or doctor. Patients were followed up at 3, 6, and 12 months during the first year after
discharge and annually thereafter.

Statistical Analysis

Continuous variables were presented as mean + SD or median (interquartile range) according to their distribution and
compared with Student’s #-test or Mann—Whitney U-test. The x> test or Fisher exact test was used for categorical
variables presented as n (%). Comparison of multiple values between subgroups was conducted by trend tests or
Kruskal-Wallis H-tests as appropriate.

To explore the association between the SII score and long-term mortality after SAP, several common variables were
selectively included in the Cox proportional hazard regression. The proportional-hazard assumptions were examined with
the Schoenfeld residuals test and no violations were found. The Deviance residuals test was used to identify outliers and
no extreme outliers were found. The Martingale residuals test was used to examine the log-linearity of continuous SII.
Model 1 was adjusted for age and sex. Model 2 was adjusted for model 1 as well as cardiovascular risk factors, such as
stroke etiology, atrial fibrillation, history of cancer, hypertension, diabetes mellitus, dyslipidemia, and smoking and
drinking status. Variables with a significance level < 0.1 in univariate analysis were considered confounders and included
in model 3, after a backward selection except for counts of neutrophils, platelets and lymphocytes, which were parts of
SII. We used the long-rank test to compare the Kaplan-Meier curve among the 25th and 75th percentiles of the SII score.

To explore the predictive power of the SII score, we calculated the area under the receiver operating characteristic
curve at different time points, taking variables in model 3 as confounders. Moreover, the net reclassification index was
calculated to assess the added value of the SII score to conventional prognostic factors.?® To further examine the possible
non-linear association of the SII index with long-term mortality, we used a restricted cubic spline with 4 knots located at
the Sth, 35th, 65th, and 95th percentiles of the distribution. The final cubic spline model was adjusted for confounders
included in model 3.%

Considering that pneumonia severity is also an important predictor of mortality, which is commonly evaluated using
the PSI and CURB-65 score, we then investigated the relationship between SII score, pneumonia severity, and long-term
mortality with mediation analysis.*® Additionally, mortality related to stroke and other causes were regarded as
competing events, and then proportional-hazards analysis and Fine and Grey’s model were conducted to eliminate
deaths caused by other reasons.

All statistical analyses were conducted with R version 4.1.2. (R Foundation, Vienna, Austria) and a two-sided P value
<0.05 was considered to be statistically significant.

Results

Baseline Characteristics of Patients with SAP

The inclusion and exclusion process of SAP patients was displayed in Figure 1. Among 611 patients who were
finally enrolled in the study, the median age was 66, most of them were men (70%), and the baseline NIHSS score
was 13. The rate of thrombectomy and intravenous thrombosis was 28.2% and 12.3% respectively. During our
median follow-up of 3.0 years, mortality occurred in 164 patients, who were more likely to have higher PSI (101.5
vs 76.0; P < 0.001) or CURB-65 (2 vs 1; P < 0.001) scores. As to the blood cell counts, higher levels of neutrophils
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Patients diagnosed with
acute 1schemic stroke
(n=5669)

Patients diagnosed with
SAP (n=689)

78 patients excluded:
lost following up (n=22)
active infection (n=2)
death within a month (n=52)
hemorrhagic transformation

(n=2)

A 4

Patients finally enrolled
(n=611)

Figure | Flow chart of patients enrollment.

(7.7 vs 6.7; P = 0.001) and lower levels of lymphocytes (1.1 vs 1.4; P < 0.001) were observed in patients who died.
However, no significant difference was found in platelet counts between the 2 groups. In addition, deceased patients
tended to have older age (P < 0.001), history of atrial fibrillation (P < 0.001) and cancer (P = 0.009), higher initial
NIHSS scores (P < 0.001), stroke etiology of cardio-embolism (P < 0.001), dysphagia (P < 0.001), and higher levels
of Hemoglobin Alc (HbAlec, P < 0.001), C-reactive protein (CRP; P < 0.001), procalcitonin (PCT; P = 0.001), and
interleukin-6 (IL-6, P = 0.001). The 2 groups did not differ in terms of body mass index, drinking status, prevalence
of hypertension, diabetes, and dyslipidemia (Table 1).

The baseline characteristics stratified by the quartile of SII score are displayed in Table S2. In comparison to patients
in the first quartile of SII, those with increasing SII scores had a higher probability of cardio-embolism (P < 0.001),
intravenous thrombolysis (P = 0.024), endovascular treatment (P < 0.001), and a higher baseline NIHSS (P < 0.001) and
PSI (P < 0.001) score. However, no significant difference was found among patients with or without successful
recanalization. The distribution of continuous SII in different treatment groups is shown in Figure S1.
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Table | Characteristics of All Patients Diagnosed with SAP

Characteristics Total Mortality Without Mortality P value
(n=6l11) (n =164) (n = 447)
Age, years 66 (58-73) 70 (63-78) 64 (56-71) <0.001
Male, n (%) 428 (70.0) 106 (64.6) 322 (72.0) 0.095
BMI, kg/m? 24.5 (22.0-26.7) 243 (21.5-26.9) 24.6 (22.2-26.6) 0.289
Hypertension, n (%) 436 (71.4) 124 (75.6) 312 (69.8) 0.191
Diabetes mellitus, n (%) 107 (17.5) 34 (20.7) 73 (16.3) 0.251
Dyslipidemia, n (%) 104 (17.0) 30 (18.3) 74 (16.6) 0.700
Atrial fibrillation, n (%) 127 (20.8) 6l (37.2) 66 (14.8) <0.001
History of cancer, n (%) 28 (4.6) 14 (8.5) 14 (3.1) 0.009
Drinking status, n (%) 0.059
Nondrinkers 379 (62.0) 114 (69.5) 265 (59.3)
Former drinkers 98 (16.0) 23 (14.0) 75 (16.8)
Current drinkers 134 (21.9) 27 (16.5) 107 (23.9)
Smoking status, n (%) 0.035
Nonsmokers 282 (46.2) 87 (53.0) 195 (43.6)
Former smokers 53 (8.7) 17 (10.4) 36 (8.1)
Current smokers, n (%) 276 (45.2) 60 (36.6) 216 (48.3)
Baseline NIHSS score 13 (6-19) 17 (10-24) I (5-17) <0.001
Stroke etiology, n (%) <0.001
LAA 245 (40.1) 56 (34.1) 189 (42.3)
CE 198 (32.4) 77 (47.0) 121 (27.1)
SAA 32 (5.2) 8 (4.9) 24 (5.4)
SOE 96 (15.7) 18 (11.0) 78 (17.4)
SUE 40 (6.5) 5 (3.0 35(7.8)
Dysphagia, n (%) 401 (65.6) 134 (81.7) 267 (59.7) <0.001
Intravenous thrombolysis, n (%) 75 (12.3) 22 (13.4) 53 (11.9) 0.703
Endovascular treatment, n (%) 172 (28.2) 58 (35.4) 114 (25.5) 0.021
Successful recanalization, n (%) 156 (90.7) 50 (86.2) 106 (93.0) 0.243
Laboratory data
White blood cells, x10%/1 9.0 (7.0-11.6) 9.3 (7.3-122) 8.8 (6.9-11.2) 0.027
Neutrophils, x107/1 7.0 (5.0-94) 7.7 (5.7-10.6) 6.7 (4.8-8.9) 0.001
Lymphocyte, x107/I 1.3 (0.9-1.7) 1.1 (0.8-1.4) 1.4 (1.0-1.8) <0.001
Platelet, x107/I 190.0 (155.0-232.5) 189.5 (150.0-235.2) 190.0 (158.0-232.0) 0.76
CRP, mg/l 8.1 (27,21.3) 115 (5.2, 32.7) 7.1 (2.3, 18.6) <0.001
PCT, pg/l 0.1 (0.0, 0.1) 0.1 (0.0, 0.2) 0.1 (0.0, 0.1) 0.001
IL-6, ng/l 21.8 (9.7, 56.1) 28.8 (13.5,70.3) 20.0 (8.8, 46.4) 0.001
Total cholesterol, mmol/l 4.2 (3.5-5.0) 42 (3.4-438) 4.2 (3.5-5.0) 0.252
Triglyceride, mmol/l 1.1 (0.9-1.6) 1.1 (0.8-1.4) 1.2 (0.9-1.6) 0.002
HbAlc, % 5.9 (5.5-7.0) 6.1 (5.7-7.1) 5.8 (54-6.8) <0.001
Medication at discharge, n (%)
Antiplatelet drug 481 (78.7) 115 (70.1) 366 (81.9) 0.002
Anticoagulant 106 (17.3) 31 (18.9) 75 (16.8) 0.621
Statin 533 (87.2) 128 (78.0) 405 (90.6) <0.001
PSI, score 80.0 (65.0-101.0) 101.5 (81.0-126.5) 76.0 (62.5-92.0) <0.001
CURB-65, score I (1-2) 2 (1-3) 1 (0-2) <0.001
NI <0.001
Low 153 (25.0) 21 (12.8) 132 (29.5)
Median 305 (49.9) 79 (48.2) 226 (50.6)
High 153 (25.0) 64 (39.0) 89 (19.9)

Abbreviations: BMI, body mass index; CE, cardio-embolism; CRP, C-reactive protein; CURB-65, confusion, uremia, elevated
respiratory rate, hypotension, and aged 65 years or older; HbAlc, Hemoglobin Alc; IL-6, interleukin-6; LAA, large-artery
atherosclerosis; NIHSS, National Institute of Health Stroke Scale; PCT, procalcitonin; PSI, pneumonia severity index; SAA, small-
vessel occlusion; Sll, systemic immune-inflammation index; SOE, stroke of other determined etiology; SUE, stroke of undeter-

mined etiology.
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Figure 2 Kaplan-Meier survival curves of mortality categorized by SII.
Abbreviation: Sll, systemic immune-inflammation index.

Association of the Sll Score with Mortality

The highest quarter of SII accounted for 39.0% of patients who died during our follow-up, significantly higher than
19.9% of survivors (Table 1). In univariable analysis, higher SII scores were related to a higher probability of mortality
(Table S3). The cumulative survival probability plot stratified by the score is shown in Figure 2. It was observed that
different SII groups could clearly distinguish patients with different survival rates. Other predictors for mortality were
age, stroke etiology, baseline NIHSS score, pneumonia severity, dysphagia, history of atrial fibrillation, cancer, smoking
status, neutrophil counts, lymphocyte counts, CRP, HbAlc and use of antiplatelet and statin (Table S3). In the multi-
variable regression analysis, the SII score (adjusted hazard ratio [aHR] 2.061; 95% confidence interval [CI], 1.256-3.383;
P = 0.004) remained significant after adjusting for potential confounders in model 3 (Table 2).

According to the time-dependent receiver operating curve, the SII score showed good discriminative ability at 1, 3,
and 6 years (Figure 3). Furthermore, adding the score to 3 models modestly improved the net reclassification index for
the prediction of long-time mortality (Table 3). The restricted cubic spline curve adjusted for variables in model 3
displayed an ascending trend of SII score (P = 0.059 for nonlinearity, Figure 4) with the risk of long-term mortality

within a certain range.

Table 2 Multivariable Analysis of Sll Index to Predict Mortality

Variables Model | P value Model 2 P value Model 3 P value
Adjusted HR (95% CI) Adjusted HR (95% CI) Adjusted HR (95% CI)

Low Reference Reference Reference

Median 2.096 (1.295-3.392) 0.003 2.037 (1.248-3.326) 0.004 1.571 (0.959-2.574) 0.073

High 4.161 (2.534-6.834) <0.001 3.958 (2.366—6.620) <0.001 2.537 (1.494-4.308) <0.001

Per one-point increment 3.612 (2.292-5.692) <0.001 3.406 (2.113-5.490) <0.001 2.061 (1.256-3.383) 0.004

Notes: Model |, adjusted for age and sex. Model 2, adjusted for age, sex, stroke etiology, atrial fibrillation, hypertension, diabetes mellitus, dyslipidemia, smoking status,
drinking status, and history of cancer. Model 3, adjusted for variables finally included in the model after back-ward selection: age, NIHSS, dysphagia, atrial fibrillation, history
of cancer, HbAlc, statin.

Abbreviations: Cl, confidence interval; HR, hazard ratio; NIHSS, National Institute of Health Stroke Scale; Sll, systemic immune-inflammation index.
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Figure 3 Time-dependent ROC curves at |, 3, and 6 years for SlI.
Abbreviations: AUC, area under the curve; ROC, receiver operating characteristic; Sll, systemic immune-inflammation index.

For sensitivity analysis, we observed a significant association between the SII score and stroke-related mortality after
considering mortality due to other causes as competing risks. In mediation analysis, both direct and indirect effects of SII
are significant, and the proportion of mediated effects accounted for 31% and 26% when we used the PSI and CURB-65

scores as mediators (Table S4).

Table 3 Net Reclassification Improvement (NRI) for Mortality After the
Addition of the SII Index

Models NRI, Estimate (95% CI)

Categorical NRI Continuous NRI Continuous NRI*

Model | 0.173 (0.011-0.304) | 0.449 (0.198-0.651) | 0.452 (0.205-0.657)
Model 2 0.163 (0.005-0.307) | 0.316 (0.064-0.552) | 0.320 (0.064-0.558)
Model 3 0.025 (~0.050-0.148) | 0.183 (~0.043-0.468) | 0.179 (—0.041-0.470)

Notes: Model |, adjusted for age and sex. Model 2, adjusted for age, sex, stroke etiology, atrial
fibrillation, hypertension, diabetes mellitus, dyslipidemia, smoking status, drinking status, and history
of cancer. Model 3, adjusted for variables finally included in the model after back-ward selection: age,
NIHSS, dysphagia, atrial fibrillation, history of cancer, HbA ¢, statin. *Continuous NRI estimated with
inverse probability weighting (IPW) method.

Abbreviations: Cl, confidence interval; NRI, net reclassification improvement.

Journal of Inflammation Research 2023:16 hetps: 1587

Dove:


https://www.dovepress.com/get_supplementary_file.php?f=399371.docx
https://www.dovepress.com
https://www.dovepress.com

Xie et al Dove

P for non-linearity = 0.059 —

[ 10.0%

Hazard ratio
Percentage

- 5.0%

[ 0.0%

26 3.0 34 3.8
SlI, Score

Figure 4 Association was fitted with restricted cubic spline with 4 knots (at 5th, 35th, 65th, 95th percentiles) adjusted for covariates included in model 3 in Table 3. The
solid line represented the hazard ratio and the dashed lines represented the 95% confidence interval.

Discussion

In the present study, we detected the predictive ability of SII for mortality among patients with SAP. Different from
previous studies, we conducted a much longer follow-up (up to 8 years at most) to observe the long-term mortality of
SAP patients. The findings displayed that a higher SII score was significantly associated with the mortality of SAP
patients in the 1st and 3rd years after adjusting for potential confounders. The alterations of immune and inflammatory
status in the acute stage had not only short-term but also long-term influences on SAP patients.

The incidence of SAP ranges from 5% to 30% due to different diagnostic criteria.>**'* In our study, we observed
12.2% of stroke patients developing SAP, which was similar to most studies. In terms of mortality, 164 out of 611 (26.8%)
patients deceased during our follow-up, which was significantly lower than Tinker’s study.'® This low mortality might be
attributed to our inclusion criterion of AIS and exclusion criterion of death within a month. Previous studies have suggested
many biomarkers in predicting mortality of stroke, such as cardiac troponin T,** amino-terminal pro-B-type natriuretic
peptide,’” total cholesterol,*® y-glutamyl transferase,?” estimated glomerular filtration rate,>® and neurofilament light*” et al.
Several inflammatory parameters are also meaningful in the prediction of stroke mortality. Patients with increased serum
levels of procalcitonin (PCT) and C-reactive protein (CRP) have a higher mortality at 3 month or even 1 year after the index
stroke.**** In the present study, serum levels of CRP could also predict long-term mortality in the univariable and
multivariable Cox regression analysis. Nevertheless, these inflammation biomarkers are commonly regarded as acute-
phase proteins and used to predict short-term outcomes in previous studies.***' As far as we know, effects of SAP are
prolonged and comprehensive. It is suggested that both stroke and pneumonia have a long-term impact on the cardiovas-
cular system, increasing mortality.*> Yende et al hypothesize that pathophysiologic changes after pneumonia would persist
beyond recovery on account of the highly concentrated pro-inflammatory cytokines and abnormal immune responses.**
Thus, screening these high-risk patients is crucial for careful surveillance over a long time.
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In the present study, SII was associated with long-term mortality in SAP patients after adjusting for potential
confounders. SII was firstly introduced as a biomarker of overall immune and inflammation status in patients with
cancers.'®* As an integrated index calculated by peripheral counts of lymphocytes, neutrophils, and platelets, SII seems
more comprehensive and representative than NLR or platelet-lymphocyte ratio.'®!'? Studies have exhibited the signifi-
cance of SII in the prediction of stroke severity and outcomes.'” ' Zhang et al find that baseline systemic inflammatory
indicators including SII at admission may reflect long-term prognoses in patients with vertebrobasilar artery occlusion.*®
Wang et al reveal that SII is a significant predictor for the short-term and long-term functional outcomes and all-cause
mortality of AIS patients.*’” These findings confirm the prediction ability of SII for the long-term prognosis. To the best
of our knowledge, few studies have applied SII to predict long-term prognosis in SAP patients. However, several studies
have reported significant associations between components of SII and SAP. Nam et al have indicated that NLR at
admission could predict the risk of SAP in patients with AIS. Besides, there seems to be a close correlation between NLR
and the severity of SAP>' Li et al report that the platelet-to-lymphocyte ratio also acts as an independent risk factor of
SAP after adjusting for potential confounders.*® Consistent with previous studies, our study found that SII at admission
was an appropriate marker for predicting long-term mortality after the double strike of stroke and pneumonia.
Furthermore, elevated SII at admission may imply underlying immune and inflammation alterations associated with
both stroke and undetected SAP.

As an integrated index calculated by peripheral counts of lymphocytes, neutrophils and platelets, the association of
SII and SAP could be elucidated as follows. First of all, immunodepression and the following systemic inflammatory
responses play an important role in the development of SAP. The main courses include the shift of T-helper 1 responses
to T-helper 2 and the following peripheral lymphocytopenia. Studies have found that these alterations in the immune
system impair the immune function, such as the defense against bacteria.*” Additionally, in neutrophils and monocytes,
the antimicrobial defense mechanisms are undermined, including oxidative burst and NETosis.’® These changes enhance
the susceptibility to SAP in stroke patients and increase mortality.”' Of particular note, Vogelgesang et al have
demonstrated that the delay of the T-lymphocyte recovery is only exhibited in patients who developed infection.>
Since the neuroinflammation in the central nervous system is influenced by peripheral infections, inflammatory responses
are intense and long-lasting in SAP patients.” Studies reveal that this proinflammatory signature could be observed in
peripheral blood between 3 to 12 months after SAP, causing long-lasting cognitive decline.’* In addition, platelets are
usually believed to be excessively activated and accumulated in AIS patients, hampering stroke recovery.”> However, the
immune function of platelet is gradually recognized. Platelets or platelet-neutrophil interaction can recognize and kill
microbial pathogens including bacteria.’®>” Moreover, endotoxin and pathogens in the circulation of SAP patients could
activate platelets and generate a procoagulant status.”® Consequently, the activation of platelet seems more violent in
patients with severe infection. Adding platelet to NLR is crucial for the prediction of SAP outcomes. Collectively, SII
seems to be a comprehensive biomarker to reflect the integral immune and inflammation status that would maintain for
a long time after stroke and pneumonia. Serum levels of SII in the acute stage are closely related to the development and
outcome of SAP.

Competing risk analysis also revealed the correlation between SII and stroke-related mortality. Previous studies have
confirmed that infection could act as a stroke trigger, especially in the short time window after the index infection.>® The
explanations for this include inflammation, thrombophilia and other mechanisms in infected patients. These alterations
also contribute to stroke to some extent. It is reported that pneumonia has a long-term influence on the cardiovascular
system.” Jennie et al discover that patients hospitalized for pneumonia are more likely to suffer from respiratory or
cardiovascular diseases again and have higher mortality after a long-term follow-up.*> As in previous studies, our study
indicated that SII seemed an appropriate marker of the systemic status of SAP patients and was correlated with stroke-
related mortality.

We also found other factors associated with long-term mortality in SAP patients, including age, NIHSS, dysphagia,
history of cancer and atrial fibrillation, HbA lc and use of statin. Most of them are regarded as risk factors for poor stroke
outcomes and the development of SAP.*>** Previous studies find that age is not only a risk factor for SAP but also
a predictor of mortality in SAP patients,"® which is consistent with our research. Our study also indicated that HbAlc
instead of glucose acts as a confounder, which might imply the importance of glycemic stability on long-term outcomes.
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Tsakiridou et al suggest that increased HbAlc could significantly predict repeated bloodstream infections, which might
be manifested by the effect of immunodepression.®® In addition, we also discovered that cardio-embolism and large-
artery atherosclerosis, usually associated with higher stroke severity, accounted for higher proportions in higher SII
groups, which is consistent with Nam’s study about SAP.*!

We observed that SII classifications were linearly correlated with PSI and CURB-65 scores. The association between
SII and long-term mortality was partly mediated through the pneumonia severity evaluated with PSI or CURB-65 score.
In a prospective study on pneumonia, higher PSI scores are consistent with higher long-term mortality.*> This is in line
with our study. It is recommended that patients with more than 90 scores of PSI suffer from severe pneumonia.’' The
average score of PSI was 101.5 among patients with poor prognoses in our study. Hence, it is reasonable to hypothesize
that SII is a promising index in SAP patients indicating the severity of both stroke and pneumonia.

Thus, our study suggested that the calculation of SII was of vital importance for the prediction of long-term
prognoses in SAP patients. The alterations of immune and inflammatory status in the acute stage had not only short-
term but also long-term influences on SAP patients. To the best of our knowledge, this is the first study with
a relatively large sample size to introduce SII to SAP patients and explore the potential effects of systemic changes
in SAP patients over a long period. Given that the measurement of SII is based on total platelet, neutrophil, and
lymphocyte counts, it is convenient to obtain during routine laboratory examination. Such a risk stratification tool can
lead to more cost-efficient and personalized health care and guide clinicians on the medication. Higher SII scores
represent intense inflammatory responses or worse immune responses. A recent study indicates that stroke patients
with chronic inflammatory diseases who receive TNF-o inhibitors have decreased risk of mortality and SAP
incidence,®" which implies the efficiency of a combination of anti-inflammation with immunomodulation therapy for
SAP patients with higher SII scores. Moreover, considering non-pneumonia complications are mediated by pneumonia
through similar mechanisms,’ SII is a promising biomarker of other complications after stroke. Further studies are
needed to verify our hypothesis. Collectively, our study supplemented the roles of SII in poststroke pneumonia and
provided new thoughts in clinical practice.

This study also has limitations. First, our data were collected from a single-center database, which might generate
biases in defining and diagnosing some variables. The retrospective design might cause biases due to missing variables
and follow-up information. Second, the calculation of SII was only limited to the first measure of blood sample within 24
hours of admission. The following changes in parameters were not traced and their effects on long-term mortality were
uncertain. In addition, medication after discharge such as antiplatelet or anticoagulant drugs and statins was only
collected once at discharge. Medication compliance is also considered an important factor in prognosis. During the
follow-up, we discovered that part of patients experienced pneumonia repeatedly after discharge and whether such
chronic inflammatory status could increase mortality remained to be confirmed. Furthermore, information on (antibiotic)
treatment was not collected, which may interfere with outcomes.

In conclusion, SII acts as a predictor of long-term all-cause and stroke-related mortality after SAP. The association
between SII and mortality appears to be mediated by the severity of stroke and pneumonia. Further research with
a prospective design and a large sample is required to confirm the clinical relevance between SII and pneumonia after
stroke.
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