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Purpose: To investigate the predictive value of various inflammatory biomarkers in patients with acute ischemic stroke (AIS) and
evaluate the relationship between stroke-associated pneumonia (SAP) and the best predictive index.

Patients and Methods: We calculated the neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), monocyte-to-
lymphocyte ratio (MLR), prognostic nutritional index (PNI), systemic inflammation response index (SIRI), systemic immune
inflammation index (SII), Glasgow prognostic score (GPS), modified Glasgow prognostic score (mGPS), and prognostic index (PI).
Variables were selectively included in the logistic regression analysis to explore the associations of NLR, PLR, MLR, PNI, SIRI, SII,
GPS, mGPS, and PI with SAP. We assessed the predictive performance of biomarkers by analyzing receiver operating characteristic
(ROC) curves. We further used restricted cubic splines (RCS) to investigate the association. Next, we conducted subgroup analyses to
investigate whether specific populations were more susceptible to NLR.

Results: NLR, PLR, MLR, SIRI, SII, GPS, mGPS, and PI increased significantly in SAP patients, and PNI was significantly
decreased. After adjustment for potential confounders, the association of inflammatory biomarkers with SAP persisted. NLR showed
the most favorable discriminative performance and was an independent risk factor predicting SAP. The RCS showed an increasing
nonlinear trend of SAP risk with increasing NLR. The AUC of the combined indicator of NLR and C-reactive protein (CRP) was
significantly higher than those of NLR and CRP alone (DeLong test, P<0.001). Subgroup analyses suggested good generalizability of
the predictive effect.

Conclusion: NLR, PLR, MLR, PNI, SIRI, SII, GPS, mGPS, and PI can predict the occurrence of SAP. Among the indices, the NLR
was the best predictor of SAP occurrence. It can therefore be used for the early identification of SAP.
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Introduction

Stroke is a leading cause of death and disability worldwide.! The Global Burden of Diseases, Injuries, and Risk Factors
Study (GBD) showed that the annual number of strokes and deaths due to stroke increased substantially from 1990 to
2019.7 The overall age-standardized prevalence, incidence, and mortality rates for stroke of the Chinese population aged
40 years or older in 2020 were 2.6%, 505.2 per 100,000 person-years, and 343.4 per 100,000 person-years,
respectively.®* Stroke-associated pneumonia (SAP) is a prevalent medical complication in patients with acute ischemic
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stroke (AIS), having an estimated incidence ranging from 5% to 26%.> SAP can substantially reduce the quality of life
and increase treatment costs, hospital stays, and mortality risk in AIS patients.°'* Infectious complications remain
a major challenge in the treatment of stroke patients.'' Therefore, there is a crucial need to identify high-risk patients to
improve their clinical outcomes.

Several common inflammatory biomarkers, including the neutrophil-to-lymphocyte ratio (NLR), platelet-to-
lymphocyte ratio (PLR), monocyte-to-lymphocyte ratio (MLR), prognostic nutritional index (PNI), systemic inflamma-
tion response index (SIRI), systemic immune-inflammation index (SII), Glasgow Prognostic Score (GPS), modified
Glasgow Prognostic Score (mGPS) and prognostic index (PI), have been reported to have predictive value in different
fields. Some of these inflammatory biomarkers have demonstrated they are associated with SAP and superior predictive
value compared to conventional inflammatory biomarkers.'* !> Studies have identified some of the emerging immune
markers for predicting other diseases,'® '® but they have not been used in predicting SAP.

These inflammatory biomarkers can be easily quantified by collecting peripheral blood samples, and they offer
several advantages, including simplicity, minimal invasiveness, and affordability. However, it remains uncertain which
inflammatory biomarker could be the most reliable predictor of SAP. Furthermore, optimal cutoff values have not yet
been established for these inflammatory biomarkers, and the most reliable inflammatory biomarker and cutoff values for
predicting SAP may vary.

Instead of focusing on a single inflammatory biomarker, the aim of this study was to assess the ability of various
inflammatory biomarkers, including NLR, PLR, MLR, PNI, SIRI, SII, GPS, mGPS, and PI, to predict the occurrence of
SAP in patients with AIS upon admission and to investigate their potential utility in identifying SAP at an early stage,
thus providing a comprehensive picture of the predictive values of these biomarkers in patients with AIS. Additionally,
we aimed to identify the best predictive index and explore its correlation with SAP.

Materials and Methods

Study Population

In this retrospective cohort study, AIS patients from the Second Affiliated Hospital of Nanchang University between
January 2018 and December 2021 were selected. The study was approved by the Medical Ethics Committee of the
Second Affiliated Hospital of Nanchang University.

Patients were included if they met the following requirements: they had to be 18 years of age or older, be admitted to
the hospital within 48 hours of the onset of AIS symptoms, and have a confirmed diagnosis of AIS on DW-MRI
according to the World Health Organization guidelines.'”*° Patients were excluded if any of the following criteria were
met: 1) they had pulmonary edema, pulmonary embolism, pulmonary atelectasis, tuberculosis, pulmonary tumor, or
noninfective interstitial lung disease, which have clinical symptoms similar to pneumonia; 2) they had pneumonia prior
to admission; or 3) they had incomplete clinical data. Finally, a total of 1543 eligible patients were included (Figure 1).

Diagnostic Criteria for SAP

SAP diagnosis was made within the first 7 days of admission based on the Centers for Disease Control and Prevention
criteria (CDC).?' According to the diagnostic standards indicated above, patients were classified into the SAP and non-
SAP groups.

Data Collection

The following data were collected from the patients: demographics (age, sex), past history (drinking, smoking),
comorbidities (atrial fibrillation, hypertension), treatments and the National Institute of Health Stroke Scale (NIHSS,
reflects the severity of the stroke) score. Laboratory tests (leukocytes, neutrophils, lymphocytes, monocytes, erythrocytes,
hemoglobin, platelet, albumin, C-reactive protein (CRP)) were performed within 24 hours of admission. The following
inflammatory biomarkers were calculated: NLR, PLR, MLR, PNI, SIRI, SII, GPS, mGPS, and PI. The constituents and
calculation of these nine inflammatory biomarkers are listed in Table 1.
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Figure | Flowchart of the patient selection process.

Statistical Analysis

We conducted statistical analyses using R software (version 4.2.1) and IBM SPSS software (version 26.0). Normally
distributed variables are reported as the mean + standard deviation (SD), while nonnormally distributed variables are
reported as the median (first quartile, third quartile). We employed Student’s z-test to compare normally distributed
variables between the SAP and non-SAP groups and the Mann—Whitney U-test for nonnormally distributed variables.
Categorical variables are reported as numbers (percentage), and we used the chi-squared (y2) test for comparison. To
compare the predictive performance of all nine inflammatory biomarkers, we calculated the area under the receiver
operating characteristic (ROC) curve (AUC) and determined which cutoff point of each one maximized the Youden
index. We employed multivariable logistic regression analysis to identify independent determinants for SAP and
presented the findings in a forest plot. We also employed restricted cubic splines (RCS) with four knots at the Sth,
35th, 65th, and 95th centiles to flexibly model the association of the NLR with SAP. Finally, we conducted subgroup
analyses in groups stratified by age (<60 or >60 years), sex, risk factors (drinking, smoking, atrial fibrillation, and
hypertension), stroke severity (NIHSS score on admission <4 or >4), and treatments (intravenous thrombolysis,
endovascular thrombectomy, conservative treatment). ROCs were compared with the DeLong test.

Results

Comparison of Clinical Characteristics

In this study, a total of 1543 patients (mean/sd age 65.19/11.97 years) were included, comprising 558 (36.16%) females
and 985 (63.84%) males. Out of all patients, 184 (11.92%) developed SAP. Patients in the SAP group had higher age,
NIHSS scores, more atrial fibrillation, more intravenous thrombolysis and endovascular thrombectomy, and significantly
elevated levels of leukocytes, neutrophils, monocytes, and CRP, while the levels of lymphocytes, erythrocytes, hemo-
globin, and albumin were significantly lower in the SAP group than in the non-SAP group (P < 0.05) (Table 2).

Inflammatory Biomarkers of the Study Population

The median (IQR) values of NLR, PLR, MLR, PNI, SIRI, and SII in the SAP group and the non-SAP group are
presented in Table 1. Patients in the SAP group showed a significantly higher NLR (P<0.001), higher PLR (P<0.001),
higher MLR (P<0.001), higher SIRI (£<0.001), higher SII (P<0.001) and lower PNI (P<0.001) (Figure 2). ROC curve
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Table | Inflammatory Biomarkers

Inflammatory Biomarkers Score | Non-SAP (n = 1359) | SAP (n = 184) P
Neutrophil to lymphocyte ratio (NLR), M (Q25, Q75) 3.7 (3.52, 3.88) 7.25 (6.29, 8.22) <0.001
NLR, n (%) <0.001
NLR<3.287* 0 859 (63.2%) 49 (26.6%)
NLR>3.287* | 500 (36.8%) 135 (73.4%)
Platelet to lymphocyte ratio (PLR), M (Q25, Q75) 145.61 (141.37, 149.85) | 203.99 (182.7, 225.28) <0.001
PLR, n (%) <0.001
PLR<160.484* 0 967 (71.20%) 87 (47.3%)
PLR=160.484* [ 392 (28.80%) 97 (52.7%)
Monocyte to lymphocyte ratio (MLR), M (Q25, Q75) 0.33 (0.32, 0.35) 0.54 (0.5, 0.59) <0.001
MLR, n (%) <0.001
MLR<0.471* 0 1144 (84.20%) 89 (48.4%)
MLR20.47 1 * | 215 (15.80%) 95 (51.6%)
Prognostic nutritional index (PNI), M (Q25, Q75) 45.65 (45.37, 45.93) 41.61 (40.79, 42.44) <0.001
PNI, n (%) <0.001
Albumin (g/L)+5xlymphocytes<40.600* | 188 (13.80%) 83 (45.1%)
Albumin (g/L)+5x%lymphocytes>40.600* 0 1171 (86.20%) 101 (54.9%)
Systemic inflammation response index (SIRI), M (Q25, Q75) 1.89 (1.76, 2.03) 4.11 (3.49, 4.72) <0.001
SIRI, n (%) <0.001
(neutrophilsxmonocytes)/lymphocytes<2.357* 0 1091 (80.30%) 76 (41.30%)
(neutrophilsxmonocytes)/lymphocytes>2.357* | 268 (19.70%) 108 (58.70%)
Systemic immune-inflammation index (SIl), M (Q25, Q75) 555.87 (369.17, 868.26) | 1001.84 (1773.46, 1773.46) | <0.001
Sll, n (%) <0.001
(neutrophilsxplatelets)/lymphocytes<809.678* 0 859 (63.20%) 49 (26.60%)
(neutrophilsxplatelets)/lymphocytes>809.678* | 500 (36.80%) 135 (73.40%)
Glasgow prognostic score (GPS), n (%) <0.001
CRP<10 mg/L and albumin=35 g/L 0 912 (67.10%) 66 (35.90%)
CRP<10 mg/L and albumin<35 g/L | 370 (27.20%) 71 (38.60%)
CRP>10 mg/L and albumin>35 g/L |
CRP>10 mg/L and albumin<35 g/L 2 77 (5.70%) 47 (25.50%)
Modified Glasgow prognostic score (mGPS), n (%) <0.001
CRP<10 mg/L and albumin>35 g/L 0 1148 (84.50%) 97 (52.70%)
CRP<10 mg/L and albumin<35 g/L 0
CRP>10 mg/L and albumin=35 g/L | 134 (9.90%) 40 (21.70%)
CRP>10 mg/L and albumin<35 g/L 2 77 (5.70%) 47 (25.50%)
Prognostic index (Pl), n (%) <0.001
CRP<10 mg/L and WBC<I | x10/L 0 1095 (80.60%) 89 (48.40%)
CRP<|0 mg/L and WBC>1x10/L | 230 (16.90%) 70 (38.00%)
CRP>10 mg/L and WBC<I | x109/L |
CRP>10 mg/L and WBC>11x109/L 2 34 (2.50%) 25 (13.60%)

Note: *The optimal cutoff was determined by ROC curve analysis.
Abbreviations: CRP, C-reactive protein; WBC, white blood cell.

analysis was conducted to determine the optimal cutoff values of these inflammatory biomarkers in relation to the

occurrence of SAP in patients with AIS. The ROC curve analyses yielded the following optimal cutoff values for the
continuous inflammatory biomarkers: 3.287 for NLR, 160.484 for PLR, 0.471 for MLR, 40.600 for PNI, 2.357 for SIRI,
and 809.678 for SII. Based on these cutoff values, the patients were classified into two groups; the details of the

inflammatory biomarkers, along with the number of patients in each group, are summarized in Table 1.

Variables were selectively included in the logistic regression analysis to explore the associations of NLR, PLR, MLR,
PNI, SIRI, SII, GPS, mGPS, and PI with SAP. Model 1 was unadjusted; Model 2 was adjusted for demographic factors,

including age and sex; and Model 3 was adjusted for all factors in model 2 and traditional or clinical risk factors
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Table 2 Comparisons of Clinical Characteristics

Characteristics Non-SAP (n = 1359) | SAP (n = 184) P
Demographics
Age, mean *SD 64.47x11.91 70.49+11.08 <0.001
Sex, n (%) 0.801
Male 866 (63.7%) 119 (64.7%)
Female 493 (36.3%) 65 (35.3%)
Past History
Drinking, n (%) 243 (17.9%) 29 (15.8%) 0.479
Smoking, n (%) 313 (23.0%) 37 (20.1%) 0.374
Comorbidities
Atrial fibrillation, n (%) 74 (5.4%) 40 (21.7%) <0.001
Hypertension, n (%) 946 (69.6%) 134 (72.8%) 0.372
Clinical characteristics
NIHSS score, M (Q25, Q75) | 3 (I, 6) 9 (3.75, 16) <0.001
Treatments <0.001
Intravenous thrombolysis 99 (7.3%) 14 (7.6%)
Endovascular thrombectomy | 18 (1.3%) 17 (9.2%)
Conservative treatment 1242 (91.4%) 153 (83.2%)
Laboratory tests
Leukocytes, mean +SD 7.3068+2.43731 8.4433+3.38303 <0.001
Neutrophils, mean +SD 4.98+2.312 6.61+3.383 <0.001
Lymphocytes, mean +SD 1.68082+0.685918 1.22288+0.601272 <0.001
Monocytes, mean +SD 0.49307+0.197988 0.55897+0.247204 0.001
Erythrocytes, mean +SD 11.7055+14.65416 7.8196x10.81406 <0.001
Hemoglobin, mean +SD 133.24+17.429 128.1+18.681 <0.001
Platelet, mean +SD 212.14+68.46 | 202.28+88.644 0.148
Albumin, mean +SD 37.2469+3.56608 35.4987+4.16058 <0.001
CRP, mean +SD 8.0749+18.175177 30.53132+47.034422 | <0.001

Abbreviations: NIHSS, the National Institute of Health Stroke Scale; CRP, C-reactive protein.

including atrial fibrillation, hypertension, NIHSS, smoking, and drinking. Model 4 was adjusted for all factors in model 3
and treatments including endovascular thrombectomy, intravenous thrombolysis and conservative treatment. After
adjustment for potential confounders, the association of inflammatory biomarkers with SAP persisted (as shown in
Table 3).

Comparison of the Predictive Value of Inflammatory Biomarkers

Inflammatory biomarkers, including NLR, PLR, MLR, PNI, SIRI, SII, GPS, mGPS, and PI, were computed using
laboratory parameters obtained from peripheral blood samples. The ability of these inflammatory biomarkers to predict
the incidence of SAP was evaluated as the AUC values. NLR had the highest AUC among all the inflammatory
biomarkers, with a value of 0.737 (95% CI 0.697-0.776, P<0.001) (Table 4, Figure 3).

Multivariate Logistic Regression Analysis of NLR for SAP
The patients were categorized into high-NLR (NLR>3.287) and low-NLR groups (NLR<3.287) using the optimal cutoff
value for NLR determined by the ROC curve analysis.

In comparison to the low-NLR group, patients in the high-NLR group had a significantly greater risk of SAP (OR:
4.733, 95% CI: 3.352, 6.683, P<0.001). Figure 4 and Table 5 show that this link remained significant even after adjusting
for potential confounding factors that were significantly different in the univariate analysis (OR: 2.453, 95% CI: 1.618,
3.718, P<0.001). In addition, age, atrial fibrillation, NIHSS score, and CRP were significant factors increasing the
likelihood of SAP, according to the multivariate regression analysis (Table 5; Figure 4).
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Figure 2 Violin plots of NLR (A), PLR (B), MLR (C), SIRI (D), SII (E) and PNI (F) in the non-SAP and SAP groups.

The Nonlinear Relationship Between the NLR and SAP Risk

The plot demonstrated a nonlinear relationship between NLR and the risk of SAP (P for nonlinearity < 0.001, Figure 5).
At an NLR value of 2.881, the odds ratio (OR) was 1. The RCS model demonstrated that the risk of SAP increased
significantly with increasing NLR when the NLR was above 2.325, and the risk remained stable at NLR levels above
11.139.

Subgroup Analysis

Next, we conducted subgroup analyses to investigate whether specific populations had SAP that were more susceptible to
NLR. We assessed the effect modification of the association between NLR and SAP from drinking (yes or no), smoking
(yes or no), NIHSS (NIHSS < 4 and NIHSS > 4), hypertension (yes or no), atrial fibrillation (yes or no), age (age < 60
and age > 60), sex (male and female) and treatment (intravenous thrombolysis, endovascular thrombectomy, and

Table 3 Associations of Inflammatory Biomarkers with SAP

Variables | Model | Model 2 Model 3 Model 4
OR (95% CI) P OR (95% CI) P OR (95% CI) P OR (95% CI) P

NLR 1.153 (1.115, 1.191) <0.001 1.148 (1.110, 1.186) <0.001 1.100 (1.063, 1.138) <0.001 1.097 (1.060, 1.135) <0.001
PLR 1.005 (1.004, 1.007) <0.001 1.005 (1.003, 1.006) <0.001 1.004 (1.003, 1.006) <0.001 1.004 (1.003, 1.006) <0.001
MLR 17.321 (9.350, 32.086) | <0.001 12.920 (6.962, 23.977) | <0.001 | 6.937 (3.769, 12.768) | <0.001 | 7.025 (3.802, 12.980) | <0.00I
PNI 0.861 (0.834, 0.889) <0.001 | 0.877 (0.848, 0.907) <0.001 | 0.906 (0.873, 0.940) <0.001 | 0.908 (0.875, 0.943) <0.001
SIRI 1.204 (1.145, 1.266) <0.001 1.193 (1.134, 1.254) <0.001 1.121 (1.070, 1.174) <0.001 1.119 (1.068, 1.172) <0.001
Sl 1.000 (1.000, 1.001) <0.001 1.000 (1.000, 1.001) <0.001 1.000 (1.000, 1.000) <0.001 1.000 (1.000, 1.000) <0.001
GPS <0.001 <0.001 <0.001 <0.001
GPS (1) 2.652 (1.857, 3.786) <0.001 | 2.284 (1.586, 3.289) <0.001 1.714 (1.151, 2.553) 0.008 1.687 (1.130, 2.519) 0.011
GPS (2) 5.180 (3.458, 7.759) <0.001 | 6.515 (4.129, 10.281) <0.001 | 4.216 (2.536, 7.009) <0.001 | 4.046 (2.428, 6.744) <0.001
mGPS <0.001 <0.001 <0.001 <0.001

mGPS (1) | 3.533 (2.346, 5.320) <0.001 | 3.500 (2.309, 5.304) <0.001 | 2.385(1.497,3.802) | <0.001 | 2.36! (1.478,3.772) | <0.001
mGPS (2) | 3.843 (2.534, 5.829) <0.001 | 5.677 (3.694, 8.723) <0.001 | 3.894 (2412, 6287) | <0.001 | 3.762 (2.325, 6.088) | <0.001

PI <0.001 <0.001 <0.001 <0.001

PI (1) 3.745 (2.655, 5.281) <0.001 | 3.552 (2.503, 5.042) <0.001 | 2.461 (1.667, 3.632) <0.001 | 2.408 (1.628, 3.564) <0.001

Pl (2) 4.675 (2.713, 8.057) <0.001 | 8.698 (4.892, 15.463) <0.001 | 5.082 (2.666, 9.690) <0.001 | 5.020 (2.626, 9.595) <0.001
1482 https: Clinical Interventions in Aging 2023:18
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Table 4 ROC Curve Analysis of Inflammatory Biomarkers

Inflammatory AUC Sensitivity | Specificity | Youden Index
Biomarkers

NLR 0.737 (0.697, 0.776) | 0.739 0.632 0.371
SIRI 0.733 (0.692, 0.774) | 0.592 0.803 0.395
MLR 0.732 (0.691, 0.773) | 0.522 0.842 0.364
PNI 0.706 (0.665, 0.746) | 0.862 0.451 0.313
N 0.694 (0.650, 0.738) | 0.620 0.728 0.347
GPS 0.680 (0.636, 0.724) | 0.641 0.671 0.312
PI 0.668 (0.622, 0.714) | 0.516 0.806 0.322
mGPS 0.665 (0.618, 0.712) | 0.473 0.845 0.318
PLR 0.650 (0.606, 0.695) | 0.533 0.712 0.244

Abbreviations: NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; MLR, monocyte-to
-lymphocyte ratio; PNI, prognostic nutritional index; SIRI, systemic inflammation response index; SlI,
systemic immune inflammation index; GPS, Glasgow prognostic score; mGPS, modified Glasgow prognostic
score; Pl, prognostic index.

conservative treatment). The results indicated that the association between the NLR and SAP was not significantly
influenced by any of these factors (all P for interaction>0.05), suggesting a good generalizability of the predictive effect
(Figure 6).
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Figure 3 The ROC curves of NLR, PLR, MLR, PNI, SIRI, SII, GPS, mGPS, and Pl in predicting the occurrence of SAP.
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Variables OR(95%CI) P

Age E 1.026(1.008,1.044) 0.005
Atrial fibrillation —_— 1.881(1.087,3.256) 0.024
NIHSS a 1.168(1.130,1.207) <0.001
Treatment 0.083
Treatment(1 vs 0) e 0.657(0.323,1.333) 0.244
Treatment(2 vs 0) - 2.223(0.916,5.392) 0.077
Leukocyte = 0.928(0.853,1.010) 0.084
Monocytes 2.364(0.893,6.261) 0.083
Erythrocyte L] 0.994(0.978,1.009) 0.417
Hemoglobin a 1.001(0.990,1.012) 0.905
Albumin L 0.982(0.931,1.035) 0.497
CRP L 1.014(1.008,1.020) <0.001
NLR —_— 2.453(1.618,3.718) <0.001
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Figure 4 Forest plot of ORs for SAP.

The Combined Use of NLR and CRP for Predicting the Occurrence of SAP

Due to the convenience of obtaining NLR and CRP through routine laboratory tests, as well as they are independent
factors associated with SAP, coupled with the absence of a consensus regarding the optimal cutoff value for NLR and
CRP in predicting SAP, we calculated the optimal cutoff value using ROC analysis. NLR values were categorized into
high-NLR (NLR>3.287) and low-NLR (NLR<3.287) using the optimal cutoff value for NLR determined by ROC curve
analysis. The values of CRP were categorized into high CRP (CRP>7.11) and low CRP (CRP<7.11) using the optimal
cutoff value for CRP determined by the ROC curve analysis. For ease of use in practice, based on the values of NLR and
CRP, patients were categorized into mild (low NLR and low CRP), moderate (high NLR or high CRP alone), and severe
(high NLR and high CRP) groups.

Table 5 Comparisons of Characteristics Between the SAP
and Non-SAP Groups by Multivariate Logistic Analysis

Variables OR (95% CI) P
Age 1.026 (1.008, 1.044) | 0.005
Atrial fibrillation 1.881 (1.087, 3.256) | 0.024
NIHSS 1.168 (1.130, 1.207) | <0.001
Treatment 0.083
Treatment (I vs 0) | 0.657 (0.323, 1.333) | 0.244
Treatment (2 vs 0) | 2.223 (0.916, 5.392) | 0.077
Leukocyte 0.928 (0.853, 1.010) | 0.084
Monocytes 2.364 (0.893, 6.261) | 0.083
Erythrocytes 0.994 (0.978, 1.009) | 0.417
Hemoglobin 1.001 (0.990, 1.012) | 0.905
Albumin 0.982 (0.931, 1.035) | 0.497
CRP 1.014 (1.008, 1.020) | <0.001
NLR 2.453 (1.618, 3.718) | <0.001

Abbreviations: CRP, C-reactive protein; NLR, neutrophil-to-lymphocyte
ratio; Treatment (I vs 0), Treatment (Intravenous thrombolysis vs
Conservative treatment); Treatment (2 vs 0), Treatment (Endovascular
thrombectomy vs Conservative treatment).
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Figure 5 Association between NLR and risk of SAP using RCS analysis.

We used NLR and CRP and the combination of NLR and CRP to predict SAP. Among these three indicators, the
combined indicator had the highest AUC of 0.739 (compared with NLR alone and CRP alone, both P<0.001, DeLong
test) (Figure 7). Therefore, the combined indicator of NLR and CRP was found to be a new predictive indicator for SAP
in AIS patients.

When this new predictive indicator was added to multivariate logistic regression analysis, compared to the mild
group, the moderate group (unadjusted OR: 2.669, 95% CI: 1.725, 4.130; adjusted OR: 1.839, 95% CI: 1.146, 2.953,
P=0.012) and the severe group (unadjusted OR: 11.297, 95% CI: 7.358, 17.346; adjusted OR: 5.166, 95% CI: 3.091,
8.635, P<0.001) were found to be associated with SAP significantly in both unadjusted and adjusted models.

Discussion
SAP is a serious complication that can result in physical harm to AIS patients. Therefore, timely identification of SAP is
crucial in preventing adverse outcomes.”*> In this retrospective study, our aim was to examine the predictive abilities of
easily accessible inflammatory biomarkers for the occurrence of SAP and compare their predictive capacities. Therefore,
our study included multiple inflammatory biomarkers, and we found that the NLR, PLR, MLR, SIRI, SII, GPS, mGPS
and PI were significantly elevated and PNI was significantly decreased in SAP patients. The results of this study have
important implications for clinical practice, by calculating these biomarkers in AIS patients, we can identify those at risk
of SAP, provide a basis for early anti-infection intervention, and achieve the purpose of improving prognosis.
Moreover, previous studies did not explore the potential nonlinear relationship between the NLR and SAP. Therefore,
we examined the relationship between NLR and SAP and specifically investigated the possibility of a nonlinear
relationship between the two. NLR, as a marker of inflammation, has been the focus of increasing attention due to its
ability to reflect the balance between the innate and adaptive immune responses.** Our study identified that NLR showed
the most promising discriminative performance in predicting the occurrence of SAP compared to the other biomarkers. In
addition, the relationship between NLR and SAP risk may be complex and variable. Specifically, we observed that the
risk of SAP increased steeply with increasing NLR when NLR was greater than 2.325 and then increased with relative
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Subgroup N SAP(%) OR(95%Cl) P for interaction
Total 1543 184(11.92%) T —— 4.733(3.352,6.683)
Drinking 0.463
yes 272 29(10.66%) F o 6.404(2.625,15.619)
no 1271 155(12.20%) P 4.459(3.066,6.483)
Smoking 0.526
yes 350 37(10.57%) F < > 5.905(2.690,12.964)
no 1193 147(12.32%) P 4.463(3.039,6.553)
NIHSS 0.598
<4 971 63(6.49%) A 3.340(1.978,5.639)
>4 572 121(21.15%) — 4.397(2.711,7.131)
Hypertension 0.176
yes 1080  134(12.41%) p—— 4.111(2.768,6.104)
no 463 50(10.80%) F——%—> 7.162(3.481,14.737)
Atrial fibrillation 0.502
yes 114 40(35.09%) [ o | 3.220(1.309,7.920)
no 1429 144(10.08%) P 4.521(3.093,6.607)
Age 0.82
<60 497 32(6.44%) } ® 5.081(2.382,10.837)
=260 1046 152(14.53%) P 4.190(2.836,6.192)
Sex 0.432
Male 985 119(12.08%) | | 4.373(2.851,6.707)
Female 558 65(11.65%) k *- > 5.462(3.047,9.792)
Treatment 0.659
Intravenous thrombolysis 113 14(12.39%) hd > 3.896(1.024,14.820)
Endovascular thrombectomy 35 17(48.57%) I ® > 2.970(0.620,14.220)
Conservative treatment 1395 1563(10.97%) P 4.646(3.206,6.735)
T T T T T
0 2 4 6 8
OR

Figure 6 Association between NLR and SAP according to drinking, smoking, NIHSS, hypertension, atrial fibrillation, age, sex and treatment.

stability when NLR was greater than 11.139. Furthermore, we identified the optimal cutoff value for the NLR to be
3.287.

Several studies have explored the “normal” values of NLR in a healthy adult population, but normal values differ in
pathological states or processes such as cancer, atherosclerosis, infection, and inflammation. A normal range of NLR is
between 1.0 and 2.0, while values higher than 3.0 and below 0.7 in adults are considered pathological.”> Therefore, in
this study, we concluded that NLR levels between 2.325 and 2.881 may serve as an early warning sign of SAP. AIS
patients with elevated NLR levels (NLR>3.287) should be made aware of their increased risk for SAP. There are several
possible explanations for the aforementioned findings.

Initially, neutrophils release neutrophil extracellular traps (NETs), which can form clots in the lungs and activate an
inflammatory response, leading to lung tissue damage.”®*’ The change in lymphocyte count may be related to the
patient’s immune status.”® A moderate increase in lymphocytes can help prevent the occurrence and worsening of
infections in the body.?’ ' An increase in lymphocyte count may be associated with a better prognosis and a lower
incidence of complications.** Increased lymphocytes regulate the activity of neutrophils and prevent inflammatory
overreaction, thereby reducing the risk of lung infection.

However, once the NLR reaches a certain threshold, it may lead to immunosuppression. The notion that poststroke
infection is largely caused by stroke-induced immunodepression syndrome is supported by both experimental and clinical
evidence.**” Neutrophils are highly enriched in tissue-destructive proteases. In inflammatory and airway diseases such
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Figure 7 The ROC curves of predictive indicators in predicting the occurrence of SAP.

as asthma and chronic obstructive pulmonary disease, the activation of neutrophils is an important process. Meanwhile, it
can lead to the release of several enzymes, including myeloperoxidase and neutrophil elastase.*® Myeloperoxidase release
can induce damage to resident lung cells by increasing oxidative stress and causing DNA damage, thereby disrupting
cellular homeostasis and promoting cell damage, ultimately eliciting proinflammatory responses in human lung epithelial
cells.>**° The respiratory epithelial cell structure may change as a result of neutrophil elastase, and increased local mucin
secretion and other factors may also contribute to airway obstruction.*'**> Decreased neutrophil counts can result in
reduced immunity.*® A rapid decrease in the number of lymphocytes can lead to the downregulation of the immune
response, thereby increasing the risk of SAP.%-%737

Another explanation is that these markers may indirectly affect the risk of developing SAP by affecting the brain
damage after a stroke. Higher levels of NETs and neutrophils have been associated with worse clinical outcomes in AIS,
which could exacerbate ischemic brain damage.** Other studies have demonstrated a close relationship between the NLR
and severe stroke.**** Stroke severity and large infarct volumes are widely recognized as significant risk factors for the
development of SAP,*® and exacerbating injury to a certain extent increases the risk of SAP.

CRP is a protein synthesized by the liver. CRP increased the diagnostic accuracy of SAP in afebrile patients.*’
Therefore, on the premise that both indicators are independent predictors of SAP, we proposed a new predictive indicator
that combined NLR and CRP for predicting the occurrence of SAP. We found that combined indicator was more
predictive than either sole indicator. It can be used as a new indicator to help predict the incidence of SAP.

There are several limitations that should be acknowledged in our study. First, our study’s cross-sectional design
prevented us from defining a causal connection between the NLR and SAP. Second, we were limited in our ability to
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track changes in the NLR and other inflammatory biomarkers throughout hospitalization as we only measured these
markers once upon admission. Finally, this was a single-centre study and may suffer from selection bias. Therefore,
further studies are needed to confirm our findings.

Conclusion

The results of this study suggest that the NLR, PLR, MLR, PNI, SIRI, SII, GPS, mGPS, and PI are potential predictors of
SAP occurrence in AIS patients. Among these biomarkers, the NLR exhibited the best predictive performance.
Furthermore, the relationship between the NLR and SAP was nonlinear. As NLR is a readily available and cost-
effective indicator, it can be used for the early identification of SAP. The combination of NLR and CRP can be a new
indicator to help predict the incidence of SAP.
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