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Objective: Discussing the relationship between geriatric nutritional risk index (GNRI) and platelet-to-lymphocyte ratio (PLR) on
stroke-associated pneumonia (SAP) in acute ischemic stroke (AIS) patients, developing and validating a web-based dynamic
nomogram.

Methods: A total of 996 AIS patients admitted to the Department of General Medicine and Neurology at Xuzhou Medical University
Affiliated Hospital were collected. They were divided into Non-SAP group and SAP group based on the occurrence of SAP. The data
was randomly divided into training set and validation set in a ratio of 7:3. LASSO regression and multivariable logistic regression
analysis were used to screen for independent risk factors and develop a dynamic nomogram. Area under the receiver operating
characteristic curve (AUC-ROC), calibration curve, and decision curve analysis (DCA) curve were used to validate the model’s
discriminative ability, calibration, and clinical value, respectively.

Results: Among AIS patients, a total of 221 cases (22.19%) developed SAP. Age, NIHSS score, comorbid atrial fibrillation,
dysphagia, PLR, and GNRI were identified as independent factors influencing the occurrence of SAP in AIS patients. A web-based
dynamic nomogram was developed based on these six variables. The training set showed an AUC-ROC of 0.864 (95% CI: 0.828-
0.892), while the validation set showed an AUC-ROC of 0.825 (95% CI: 0.772-0.882), indicating good predictive ability and
discrimination of the model. The calibration curve demonstrated good calibration of the model, and the DCA curve showed its
clinical value. This model can be accessed and utilized by anyone on the website (https://moonlittledoctor.shinyapps.io/ ANADPG/).

Conclusion: PLR and GNRI are independent factors influencing the occurrence of SAP in AIS patients, and a dynamic nomogram
was constructed to predict the risk of SAP in AIS patients. It can guide clinical decision-making and improve patient prognosis.
Keywords: GNRI, PLR, dynamic nomogram, acute ischemic stroke, stroke-associated pneumonia

Introduction
Acute ischemic stroke (AIS) is an acute brain dysfunction and a leading cause of death and disability worldwide, with an
increasing incidence rate of approximately 8.7% per year.' AIS is characterized by high disability rate, high mortality
rate, high recurrence rate, and multiple complications. It is often difficult to be promptly detected, and the effective
treatment window is short, resulting in poor prognosis for AIS patients.’ Stroke-associated pneumonia (SAP) is
a common complication occurring within 7 days after stroke, with reported incidence rates ranging from 7% to 38%
among stroke patients.* Studies have shown that SAP not only severely affects the neurological recovery of AIS patients
but also increases mortality rate and prolongs hospital stay, imposing a significant economic burden on the healthcare
system.” Therefore, accurately identifying the risk factors for SAP in AIS patients and timely intervention are crucial for
patient prognosis.

Some studies have indicated that the decreased immune function induced by stroke makes patients more susceptible
to infections, and immune suppression is also an important mechanism for SAP.® Therefore, biomarkers that mediate
immune changes and systemic inflammatory responses may be related to the occurrence of SAP. The geriatric nutritional

Clinical Interventions in Aging 2023:18 1893—1904 1893
Received: 1 August 2023 © 2023 Wang et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.
AT php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the

Accepted: 7 November 2023
Published: 17 November 2023

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


https://moonlittledoctor.shinyapps.io/ANADPG/
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Wang et al Dove

risk index (GNRI) is an indicator for assessing the nutritional status of elderly individuals. It evaluates their nutritional
risk by considering changes in body weight and the degree of appetite decline.” Research has shown that GNRI is
associated with the occurrence of SAP, and its predictive value for SAP contributes to early intervention and treatment.®
Platelet-to-lymphocyte ratio (PLR) and neutrophil-to-lymphocyte ratio (NLR), as indicators reflecting inflammatory
response, have been used for prognostic evaluation in various cancer patients. Previous studies have demonstrated that
high PLR and NLR have predictive value for SAP in AIS patients, and can help identify high-risk patients in a timely
manner, providing clues for treatment decisions.” '

The dynamic nomogram is a graphical tool based on websites that allows for the evaluation of the risk of disease
diagnosis and prognosis based on relevant risk factors.'”> Compared to traditional scoring systems or nomograms, it
possesses greater visual appeal and facilitates the rapid and accurate acquisition of predictive results. By analyzing and
modeling patient-related data, we create dynamic nomogram, a visualization tool that not only helps us better understand
and analyze the patient’s condition but also predicts the risk of SAP occurrence in AIS patients, thereby providing
a better basis for medical team decision-making. Previous studies have shown that nomograms can be used to predict
stroke-related infections and SAP, aiding in guiding clinical decisions and improving patient prognosis.'*'# Therefore,
the purpose of this study is to construct and validate a dynamic nomogram based on GRNI and NLR to predict the risk of
SAP occurrence in AIS patients, enhancing the care and management of AIS patients, reducing the incidence of
complications, and improving the quality of life for patients.

Materials and Methods

Study Population and Data Source

This study is based on the electronic medical record system of Xuzhou Medical University Affiliated Hospital. The study
selected hospitalized patients diagnosed with AIS from January 2018 to December 2022 at Xuzhou Medical University
Affiliated Hospital.

The inclusion criteria are as follows: (1). Age > 18; (2). AIS patients who meet the definition of AIS according to the
World Health Organization’s standards;'> (3). Complete medical records and admission within 7 days after stroke onset.
The exclusion criteria are as follows: (1). Stroke onset time greater than 7 days; (2). Active infection within 2 weeks prior
to admission; (3). Use of mechanical ventilation; (4). History of cancer, hematological disorders, or use of immunosup-
pressive agents; (5). Severe liver or kidney disease; (6). Swallowing difficulties or long-term nasogastric tube placement
due to other reasons; (7). Patients with missing or lost follow-up data.

Clinical Endpoints
According to the revised standards of the Centers for Disease Control and Prevention, patients diagnosed with SAP are
those who experience lower respiratory tract infections within the first seven days following an acute stroke.*

Data Collection
Through literature review, we have gathered a total of 38 potential risk factors that may be associated with SAP in AIS
patients.'®™'® These factors include demographic data (age, gender, body mass index (BMI), blood pressure), medical history
(smoking history, alcohol consumption, hypertension, diabetes, hyperlipidemia, atrial fibrillation, dysphagia, etc.), hemato-
logical indicators (neutrophils, lymphocytes, monocytes, platelets, blood glucose, blood lipids, etc.), as well as relevant scores
(national institutes of health stroke (NIHSS), NLR, PLR, lymphocytes-to-monocytes ratio (LMR), GNRI (MLR), GNRI).
The specific calculation methods are as follows: NLR = neutrophils/lymphocytes, PLR = platelets/lymphocytes, LMR
= lymphocytes/monocytes, MLR = monocytes/lymphocytes, GNRI = 1.489 x serum albumin (g/L) + 41.7 % admission
weight (kg)/ideal weight (kg).

Data Statistics
This study employed R version 3.6.4 and SPSS version 22.0 for subsequent statistical analysis of the collected data from
AIS patients. For normally distributed continuous variables, the mean + standard deviation (X'+S) was used to represent
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the data, while for non-normally distributed patient data, the median (M) and interquartile range (P25, P75) were used.
For categorical variables, frequency or percentage (%) was used. Different data indicators between two groups (non-SAP
group vs SAP group, training set vs validation set) were compared. For normally distributed continuous variables,
independent samples 7-test was used for intergroup comparisons; for non-normally distributed continuous variables, non-
parametric tests were used. Chi-square test was used for intergroup comparisons of categorical variables. The signifi-
cance level was set at a=0.05, and P<0.05 was considered statistically significant. The least absolute shrinkage and
selection operator (LASSO) regression and multiple logistic regression analysis was used to select independent predictors
for SAP. Based on the relative weights of each risk factor, a clinical prediction model was constructed and a dynamic
nomogram was drawn. The model’s discriminatory ability was evaluated using receiver operating characteristic (ROC)
curve and the area under the curve (AUC) was calculated. In addition, the clinical prediction model was internally
validated using the Bootstrap resampling method with B=1000 repetitions, and a calibration curve was drawn. Finally,

the clinical validity of the prediction model was assessed using decision clinic curve (DCA) analysis.

Results

Baseline Characteristics
This study included a total of 1086 AIS patients. After exclusion according to the exclusion criteria, the final number of
AIS patients was 996, see Figure 1. Based on the occurrence of SAP within 7 days of admission, they were divided into
the non-SAP group (n=775) and the SAP group (n=221). Vertebrobasilar cerebral infarction is known for its acute onset,
severe symptoms, and poor prognosis. In this study, we identified a total of 164 patients with this type of stroke,
accounting for 16.5% of the sample, which is consistent with previous research findings.'” We conducted a 3-month
follow-up study to assess the early outcomes of AIS patients in two groups. Among the SAP group patients, 51 (23.1%)
cases resulted in death, of which 26 were due to neurological causes. In the non-SAP group, 25 (3.2%) cases resulted in
death, with 15 being caused by neurological reasons.

As indicated in Table 1, we first compared the data of these two groups of patients and found that patients in the SAP
group had higher values of age, systolic blood pressure (SBP), NIHSS score, and PLR, while they had lower values of
weight, BMI, hemoglobin, albumin, and GNRI. The probability of having hypertension, diabetes, atrial fibrillation (AF),

1086 AIS patients referred to the Affiliated Hospital of Xuzhou
90 patients were excluded

Medical University from January 2018 to December 2022 @ Stroke onset time greater than 7 days (o=22)
(@) Active infection within 2 weeks prior to admission (n =16)
(@ Use of mechanical ventilation (o= 12)
(4) History of cancer, hematological disorders, or use of
ippressive agents (n= 10)
(B) Severe liver or kidney disease (n=9)
(® Swallowing difficulties or long-term nasogastric tube placement
due to other reasons (n=8)
(7) Patients with missing or lost follow-up data (n=13)

| 996 patients were included |

|

| The groups were randomly divided in a 7:3 ratio |

Training set (n=697) Validation set (n=299)

LASSO regression and multivariate

logistic regression analysis N e fidahon
Nomogram development

Figure | Flow chart of patient selection included in this study.
Abbreviation: AlS, acute ischemic stroke.
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Table 1 Comparison of Baseline Data Between Non-SAP and SAP Groups
Variables Non-SAP Group (n=775) | SAP Group (n=221) P value
Age (years) 70.63+10.16 74.268.78 <0.001
Gender (n, %) 0.142
Male 467 (60.3%) 121 (54.8%)
Female 308 (39.7%) 100 (45.2%)
Height (cm) 168 (161,173) 168 (161,175) 0.700
Weight (cm) 65 (57,72) 60 (53,68) <0.001
BMI (kg/m2) 23.26 (20.96,25.71) 21.60 (19.23,24.22) <0.001
SBP (mmHg) 140 (125,156) 143 (130,160) 0.022
DBP (mmHg) 81 (73,90) 84 (73,90) 0.212
NIHSS 3 (24 5(3.8) <0.001
TOAST classification [n, (%)] 0.059
Large atherosclerosis type 559 (72.1%) 156 (70.6%)
Cardiogenic embolism type 71 (9.2%) 15 (6.8%)
Small artery occlusion type 95 (12.3%) 24 (10.9%)
Rare cause type 17 (2.2%) 6 (2.7%)
Undetermined etiology 33 (4.3%) 20 (9.0%)
Vertebrobasilar cerebral infarction (n,%) | 119 (15.4%) 45 (20.4%) 0.077
Smoking (n,%) 0.390
No 607 (78.3%) 179 (81.0%)
Yes 168 (21.7%) 42 (19.0%)
Drinking (n,%) 0.493
No 557 (71.9%) 164 (74.2%)
Yes 218 (28.1%) 57 (25.8%)
Past medical history (n, %)
Hypertension 376 (48.5%) 125 (56.6%) 0.035
DM 213 (27.5%) 77 (34.8%) 0.034
Hyperlipidemia 136 (17.5%) 51 (23.1%) 0.063
CHD 152 (19.6%) 54 (24.4%) 0.119
AF 215 (27.7%) 83 (37.6%) 0.005
Dysphagia 130 (16.8%) 77 (34.8%) <0.001
Stroke 197 (25.5%) 72 (32.6%) 0.035
Hematological index
RBC (0712/L) 4.46 (4.05,4.89) 4.40 (4.03,4.89) 0.924
WBC (1079/L) 7.60 (6.10,9.05) 8.00 (6.30,9.40) 0.135
NE (1079/L) 3.87 (2.99,4.97) 4.00 (3.22,5.23) 0.052
LY (1079/L) 1.50 (1.10,1.90) 1.50 (1.10,1.90) 0.422
MO (1079/L) 0.48 (0.37,0.59) 0.47 (0.37,0.57) 0.605
HB (g/L) 126 (114,139) 123 (111,136) 0.040
PLT (1079/L) 177 (138,227) 198 (149,249) 0.003
hs-CRP (mg/L) 4.50 (1.50,10.64) 4.70 (1.80,10.40) 0.423
FBG (mmol/L) 5.50 (4.94,6.70) 5.50 (4.90,7.50) 0.348
TC (mmol/L) 3.85 (3.19,4.63) 3.91 (3.29,4.64) 0.528
TG (mmol/L) 1.31 (0.98,1.93) 1.41 (0.99,2.04) 0.206
LDL-C 240 (1.18,3.23) 2.29 (1.33,3.14) 0.955
Albumin 42.50 (39.70,45.10) 38.80 (35.06,41.00) <0.001
Scr 71 (60,86) 71 (59,83) 0.291
UA 325 (261.50,412) 303 (250,399) 0.062
Novel inflammatory index
NLR 2.46 (1.76,3.77) 2.61 (1.854.12) 0.067
PLR 125.56 (88.00,170.81) 137.33 (95.63,187.33) | 0.012
LMR 3.17 (2.24,4.42) 3.26 (2.16,4.57) 0.990
(Continued)
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Table | (Continued).

Variables Non-SAP Group (n=775) | SAP Group (n=221) P value
MLR 0.32 (0.23,0.45) 0.31 (0.22,0.46) 0.990
GNRI 103.54 (97.37,109.60) 96.35 (89.98,101.05) <0.001

Note: Values are given as n (%) or median (P25, P75).
Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; NIHSS, national institutes of health
stroke; DM, diabetes mellitus; CHD, coronary heart disease; AF, atrial fibrillation; RBC, red blood cell; WBC, white blood cell; NE,
neutrophil; LY, lymphocyte; MO, Monocyte; HB, hemoglobin; PLT, platelets; hs-CRP, high-sensitivity C-reactive protein; FBG, fast blood
glucose; TC, total cholesterol; TG, triglyceride; LDL-C, low-density lipoprotein cholesterol; Scr, serum creatinine; UA, uric acid; NLR,

neutrophil-to-lymphocyte ratio;

lymphocytes ratio; GNRI, geriatric nutritional risk index.

PLR, platelet-to-lymphocyte ratio; LMR, lymphocytes-to-monocytes ratio; MLR, monocytes-to-

swallowing difficulties, and a history of stroke was higher in the SAP group. The differences in these variables between

the two groups were statistically significant (P<0.05).

Clinical Features of the Training Set and Validation Set
In order to prevent overfitting in the analysis of influencing factors, the included 996 AIS patients were randomly divided

into a training set (n=697) and a validation set (n=299) in a 7:3 ratio. Comparing the data between the two groups, we

found that, except for RBC, there were no statistically significant differences in the remaining variables (P>0.05), as

demonstrated in Table 2. This indicates that our data set partitioning is reasonable and comparable.

Table 2 Comparison of Baseline Data Between Training Set and Validation Set

Variables Training set (n=697) | Validation set (n=299) P value
Age (years) 71.51£10.06 71.27+9.79 0.764
Gender (n, %) 0.360
Male 418 (60.0%) 170 (56.9%)
Female 279 (40.0%) 129 (43.1%)
Height (cm) 168 (161,173) 167 (161,173) 0.667
Weight (cm) 64 (57,72) 62 (56,70) 0.108
BMI (kg/m2) 23.05 (20.70,25.51) 22.49 (20.22,25.30) 0.129
SBP (mmHg) 140 (125,157) 140 (127,158) 0.677
DBP (mmHg) 82 (72,90) 82 (74,90) 0.557
NIHSS 325 325 0.384
TOAST classification [n, (%)] 0.151
Large atherosclerosis type 509 (73.0%) 206 (68.9%)
Cardiogenic embolism type 61 (8.8%) 25 (8.4%)
Small artery occlusion type 74 (10.6%) 45 (15.1%)
Rare cause type 13 (1.9%) 10 (3.3%)
Undetermined etiology 40 (5.7) 13 (4.3%)
Vertebrobasilar cerebral infarction (n,%) | 125 (17.9%) 39 (13.0%) 0.056
Smoking (n,%) 0.493
No 546 (78.3%) 240 (80.3%)
Yes I51 (21.7%) 59 (19.7%)
Drinking (n,%) 0.243
No 497 (71.3%) 224 (74.9%)
Yes 200 (28.7%) 75 (25.1%)
Past medical history (n, %)
Hypertension 363 (52.1%) 138 (46.2%) 0.086
(Continued)
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Table 2 (Continued).

Variables Training set (n=697) | Validation set (n=299) P value
DM 201 (28.8%) 89 (29.8%) 0.768
Hyperlipidemia 129 (18.5%) 58 (19.4%) 0.742
CHD 146 (20.9%) 60 (20.1%) 0.753
AF 197 (28.3%) 101 (33.8%) 0.081
Dysphagia 144 (20.7%) 63 (21.1%) 0.884
Stroke 183 (26.3%) 86 (28.8%) 0.421
Hematological index

RBC (07 12/L) 4.41 (4.02,4.88) 4.54 (4.10,4.94) 0.019
WBC (1079/L) 7.80 (6.10,9.20) 7.70 (6.05,9.20) 0.878
NE (1079/L) 3.94 (3.08,5.04) 3.79 (2.94,4.97) 0.598
LY (1079/L) 1.50 (1.10,1.90) 1.50 (1.10,1.90) 0.985
MO (1079/L) 0.48 (0.38,0.59) 0.47 (0.37,0.59) 0.503
HB (g/L) 125 (113,138) 125 (113,138) 0.836
PLT (1079/L) 181 (140,234) 180 (138,226) 0.527
hs-CRP (mg/L) 4.60 (1.60,10.40) 4.50 (1.50,11.38) 0.869
FBG (mmol/L) 5.50 (4.97,6.82) 5.50 (4.90,6.78) 0.271
TC (mmol/l) 3.83 (3.22,4.58) 3.94 (3.23,4.69) 0.386
TG (mmol/L) 1.33 (0.99,1.93) 1.35 (0.98,1.97) 0.479
LDL-C 2.41 (1.24,3.20) 2.35 (1.15,3.21) 0.802
Albumin 41.60 (38.70,44.40) 41.50 (38.72,44.75) 0.854
Scr 70 (60,84) 74 (60,85.5) 0.151
UA 320 (258,412) 324 (263,406.5) 0.962
Novel inflammatory index

NLR 2.49 (1.77,3.88) 2.48 (1.80,3.82) 0.979
PLR 126.47 (90.00,176.25) 126.67 (87.93,170.00) 0.628
LMR 3.13 (2.20,4.50) 3.26 (2.32,4.42) 0.432
MLR 0.32 (0.22,0.46) 0.31 (0.23,0.43) 0.432
GNRI 101.59 (96.17,107.99) 101.58 (96.15,108.34) 0.870

Note: Values are given as n (%) or median (P25, P75).

Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; NIHSS, national institutes of health
stroke; DM, diabetes mellitus; CHD, coronary heart disease; AF, atrial fibrillation; RBC, red blood cell; WBC, white blood cell; NE,
neutrophil; LY, lymphocyte; MO, Monocyte; HB, hemoglobin; PLT, platelets; hs-CRP, high-sensitivity C-reactive protein; FBG, fast blood
glucose; TC, total cholesterol; TG, triglyceride; LDL-C, low-density lipoprotein cholesterol; Scr, serum creatinine; UA, uric acid; NLR,
neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; LMR, lymphocytes-to-monocytes ratio; MLR, monocytes-to-
lymphocytes ratio; GNRI, geriatric nutritional risk index.

LASSO Regression and Multivariate Logistic Analyses

The results of LASSO regression indicate that age, NIHSS score, comorbid AF, dysphagia, albumin, PLR, and GNRI are
factors influencing the occurrence of SAP in AIS patients, as shown in Figure 2. We included these seven variables in
a multiple logistic regression analysis and found that the model had a sensitivity of 46.7%, specificity of 95.8%, positive
predictive value of 75.3%, and negative predictive value of 86.8%. Age (odds ratio (OR): 1.051; 95% confidence interval
(CD): 1.024-1.079), NIHSS score (OR:1.397; 95% CI:1.277-1.529), comorbid AF (OR:1.717; 95% CI1:1.059-2.784),
dysphagia (OR:3.220; 95% CI:1.931-5.367), PLR (OR:1.003; 95% CI:1.000-1.006), and GNRI (OR:0.913; 95%
CI:0.878-0.949) are independent factors influencing the occurrence of SAP in AIS patients.

Development and Verification of a Web-Based Dynamic Nomogram

According to the relative weights of the independent risk factors influencing the occurrence of SAP in AIS patients in
Table 3, a web-based dynamic nomogram as shown in Figure 3 is plotted. This graphical tool allows for the summation
of scores for each risk factor to obtain a total score, which can then be converted into a predictive probability.
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Figure 2 LASSO regression model screening predictors of SAP. (A) LASSO regression model cross-validation plot. Draw a vertical line at the optimum with the minimum
criterion and |se of the minimum criterion. When A = 0.0302, we get 7 variables for further analysis. (B) Coefficient profile plot of predictors. Finally, 7 variables were
selected at the optimal Lambda.

To validate the developed predictive model, ROC curves were first plotted for both the training and validation sets.
The AUC-ROC for the training set was 0.864 (95% CI: 0.828-0.892), while for the validation set it was 0.825 (95% CI:
0.772—-0.882). This indicates a good discriminatory ability of the model, as shown in Figure 4. Subsequently, using the
Bootstrap resampling method with 1000 repetitions, calibration curves were separately plotted for the training and
validation sets. The results suggest good consistency between the predicted probabilities outputted by the model and the
actual occurrence probabilities, indicating good model calibration, as depicted in Figure 5. Finally, to assess the clinical
utility of the model, DCA curves were plotted. The DCA curves demonstrate that the net benefits for both the training
and validation sets are significantly higher than the two extremes, indicating good clinical value (see Figure 6).

Discussion

Stroke is the second leading cause of death worldwide, with a high rate of disability. It is the primary cause of permanent
disability in adults. Approximately 85% of stroke cases are ischemic strokes, and the incidence is increasing globally.?%>!
Pneumonia is a common complication in AIS patients. Studies have shown that 15.6% of stroke patients develop acute
lung injury within 36 hours of hospital admission, and between 5% and 22% of patients develop pneumonia or bronchitis
during their hospital stay.”” This is consistent with the findings of our study, where 221 cases (22.19%) of SAP were
observed. Small artery occlusive stroke, also known as lacunar infarction, has been shown to have a better prognosis

compared to other subtypes of stroke, and SAP is less frequent in lacunar infarction, which is consistent with our

Table 3 Multivariate Logistic Analysis for the SAP

Variables B sy, Wald y 2 OR (95% CI) P value
Age 0.050 0.013 14.006 1.051 (1.024,1.079) <0.001
NIHSS 0.335 0.046 53.149 1.397 (1.277,1.529) <0.001
Past medical history
AF 0.540 0.247 4.803 1.717 (1.059,2.784) 0.028
Dysphagia 1.169 0.261 20.105 3.220 (1.931,5.367) <0.001
Hematological indicators
Albumin —0.063 0.037 2.862 0.939 (0.873,1.010) 0.091
PLR 0.003 0.001 4.773 1.003 (1.000,1.006) 0.029
GNRI —0.091 0.020 20.996 0.913 (0.878,0.949) <0.001

Abbreviations: NIHSS, national institutes of health stroke; AF, atrial fibrillation; PLR, platelet-to-lymphocyte ratio; GNRI,

geriatric nutritional risk index.
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Figure 3 Web-based dynamic nomogram used for predicting SAP in patients with AlS. Input participants age, NIHSS score, comorbid AF, dysphagia, PLR, and GNRI at
https://moonlittledoctor.shinyapps.io/ANADPG/, user can get the corresponding probability of SAP. (A) Input page: Enter the patient’s information according to the relevant
variables on this page. (B) Graphical summary: This page shows the probability of SAP and its 95% confidence interval in AlS patients. (C) Numerical summary: Display the
specific values of the patient’s indicators and predicted outcomes.

Abbreviations: SAP, stroke-associated pneumonia; AlS, acute ischemic stroke; NIHSS, national institutes of health stroke; AF, atrial fibrillation; PLR, platelet-to-lymphocyte
ratio; GNRI, geriatric nutritional risk index.
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Figure 4 ROC curves of dynamic nomogram based on the data of the training set (A) and validation set (B).
Abbreviation: AUC, the area under the receiver-operating characteristic.

findings.>> In this retrospective study, we identified age, NIHSS score, comorbid AF, dysphagia, PLR, and GNRI as
independent risk factors for SAP in AIS patients. We developed a simple and accurate web-based dynamic nomogram,
which was internally validated.
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Age is a significant risk factor for SAP in patients, as their immune function and lung defense capabilities decrease
with age, making them more susceptible to infections. Studies have shown a significant correlation between higher age
and the occurrence of SAP, which is consistent with the findings of this study.>**> The NIHSS score is an indicator used
to assess the severity of stroke, with a higher score indicating more severe brain damage. Research has indicated that AIS
patients with higher NIHSS scores are at a greater risk of developing SAP.?>*® We consider the following factors to be
related: (i). Patients with higher NIHSS scores exhibit more pronounced immune suppression, leading to increased
susceptibility to infections. (ii). Higher NIHSS scores suggest more severe limb paralysis in patients, resulting in
prolonged bed rest and an increased chance of developing aspiration pneumonia, leading to a higher incidence of
SAP. The analysis of this study’s results indicates that the coexistence of AF and dysphagia is an independent risk factor
for SAP in AIS patients. This finding is consistent with previous research and holds significant clinical
implications.'”'®23272% Firstly, for stroke patients, especially those with AF or dysphagia, enhanced preventive
measures for AIS should be implemented to reduce its incidence. Secondly, AIS patients with AF or dysphagia should
be closely monitored for the occurrence of pneumonia and timely interventions should be taken to improve prognosis.
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PLR, as an independent prognostic factor for SAP, holds significant clinical significance. It serves as a biomarker
reflecting thrombosis formation and inflammatory response, with higher values potentially indicating more severe
inflammation.*® Studies have shown that PLR plays a crucial role in the occurrence and prognosis of SAP, with higher
PLR values being associated with higher incidence and severity, suggesting compromised immune function and enhanced
inflammatory response in patients.'®*'*? Therefore, monitoring PLR allows for early identification of high-risk patients
and implementation of corresponding intervention measures. GNRI is used to assess the nutritional status and risk of
malnutrition in elderly patients. It takes into account serum albumin levels and body weight, providing a comprehensive
indicator of nutritional status. Studies have shown that lower GNRI scores are associated with increased risk and poorer
prognosis of SAP.® This suggests that malnutrition and impaired immune function may contribute to the occurrence and
severity of pneumonia in stroke patients.>® Therefore, introducing GNRI assessment in clinical practice can help identify
high-risk individuals and guide appropriate nutritional interventions to improve the prognosis of this vulnerable
population.

The study has some limitations. Firstly, this study is a retrospective study, which may result in missing values for
variables such as IL-6, as some data were missing (>30%). Secondly, we did not collect data on long-term mortality and
prognosis outcomes after discharge, therefore we are unable to assess the relationship between GNRI and PLR with long-
term outcomes or mortality rates in AIS patients. Thirdly, this study is a single-center study and external validation is
needed.

Conclusion
This study found that PLR and GNRI are independent factors influencing the occurrence of SAP in AIS patients, and
a dynamic nomogram was constructed to predict the risk of SAP in AIS patients. It can guide clinical decision-making
and improve patient prognosis.

We hope to further investigate the impact of novel hematological markers, new drugs, and novel inflammation indices
on the occurrence of SAP in AIS patients through multicenter, prospective study in the future. This will help improve
prediction models and enhance patient prognosis.
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