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Abstract 
Objective: We aimed to verify the predictors of stroke- associated pneumonia (SAP) among hospitalized stroke patients 
in the conditions of the stroke department of an urban multidisciplinary hospital 
Methods: The study design is a single–center, prospective, observational, cohort study on predictors of SAP  in stroke 
patients and their diagnostic value. The study included 108 patients with stroke who received in-patient treatment from 
the Stroke Department in Bishkek City Clinical Multiprofile Hospital No. 2 and were divided into 2 groups: the main group 
consisted of 51 patients with SAP and the control group consisted of 57 patients without SAP. Demographic, clinical, 
neurological status, laboratory tests and neuroimaging parameters were analyzed to compose a predictive model with 
the determination of independent factors of SAP development. 
Results: According to the results of multiple logistic regression analysis, it was revealed that the levels of systolic blood 
pressure, the presence of dysphagia, low Glasgow scale scores, age, as well as the level of INR at admission were 
independent factors associated with the development of SAP. The model showed a very good discrimination ability 
(AUC= 0.967, 95%CI 0.936-0.998p<0.001). 
Conclusion: All three scales for assessing neurological deficits (Glasgow, NIHSS, and Rankin) differed statistically between 
the groups, however, it was the low Glasgow scale that was determined as an independent predictor of SAP. In addition, 
in our study, other independent predictors were high blood pressure, dysphagia, older age, and high INR.  
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Graphical abstract 

 
 
Introduction 
Stroke is one of the leading causes of disability and 
mortality in many countries around the world. The 
burden of stroke is high and continues to rise in 
developing countries due to socio-demographic and 
lifestyle changes. Two thirds of all stroke cases and 80-
85% patients have stroke-related disabilities and deaths 
occur in low- and middle-income countries (1-3). The 
outcome of a stroke mainly depends on the presence 
and severity of complications after a stroke (4).  
Stroke-associated pneumonia (SAP) is pneumonia that 
occurs within 7 days after hospitalization in stroke 
patients who are not on mechanical ventilation (5). The 
incidence of SAP ranges from 7 to 38% according to 
various data, and mortality reaches 30-40% (6-10). This 
complication significantly affects the prognosis of 
patients, lengthens the period of hospitalization and 
increases the burden on the healthcare system (11). 

Studies conducted in hospitals have shown that there 
are neurological and medical conditions that predispose 
to a higher incidence of SAP. Neurological risk factors 
include impaired consciousness, severe neurological 
deficits, higher NIHSS score, large stroke size, middle 
cerebral artery stroke, previous stroke, dysphagia, 
dysarthria/aphasia, and cranial nerve paralysis (9, 12-
14). Medical risk factors include old age, male gender, 
poor functional condition, atrial fibrillation, anemia, 
hypoalbuminemia, hyperglycemia, endotracheal 
intubation, nasogastric tube feeding, and concomitant 
diseases such as heart failure, diabetes mellitus, and 
chronic lung diseases (9, 10, 12, 15, 16).  
There is a lack of sufficient data on the frequency and 
predictors of SAP among stroke patients in Central Asian 
countries. Thus, the aim of this study is to try to fill this 
information gap and identify predictors of SAP among 
hospitalized stroke patients in this region. 
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Methods 
Study design and population 
The study design is a single-center, prospective, 
observational, cohort study on predictors of SAP  in 
stroke patients and their diagnostic value. 
The study included 102 patients of 504 patients with 
acute cerebral stroke who were admitted to the Stroke 
Department in the period of time from January 1, 2023 
to December 31, 2023,  who received in-patient 
treatment at the Stroke Department  of Bishkek City 
Clinical Multiprofile Hospital No. 2. 
Inclusion criteria: acute focal neurological deficit in 
combination with neuroimaging signs of cerebral 
infarction or intracerebral hematoma (excluding patients 
with subarachnoid hemorrhage),   hospitalization within 
72 hours after the onset of stroke symptoms,  absence 
of infection for 2 weeks prior to admission and  patients 
who gave informed consent for participation in the 
study.     Exclusion criteria: transient ischemic attack, 
severe liver dysfunction,  antibiotic treatment at the 
time of admission.  
All the subjects were divided into 2 groups: the main 
group consisted of 51 patients with SAP and the control 
group consisted of 51 patients without SAP. All patients 
were matched by gender. 
The research protocol was approved by the local Ethics 
committee of the I.K. Akhunbaev KSMA on 05/27/2023.  
This study was conducted according to Helsinki 
declaration 2024 standards were followed for care of 
patients and their informed consent was taken. 
Clinical evaluation 
Upon admission, a certified neurologist comprehensively 
determined the patient's pre-stroke infections based on 
the results of blood tests in the department, as well as 
the presence of symptoms of respiratory infection 
(cough, sputum, shortness of breath, fever, etc.) before 
the onset of stroke symptoms. In patients without pre-
stroke infections, a certified neurologist was responsible 
for detailed registration of demographic and clinical 
data, including age, sex, time of onset of stroke 
symptoms, smoking status, alcoholism, medication 
intake, medical history (hypertension, diabetes mellitus, 
atrial fibrillation or coronary artery disease (CAD), 
chronic obstructive pulmonary disease (COPD), 
hyperlipidemia), and also, an assessment of the patient's 
condition related to stroke.  
The initial severity of the stroke was assessed by a 
board-certified neurologist using the Stroke Scale of the 
National Institutes of Health (NIHSS) (17). Dysphagia was 
assessed using the Water swallowing Test (WST) (18). If 
the score of the water swallowing test was > 2, this 
result was taken as dysphagia.  
The state of neurological function before the onset of 
stroke was assessed using the modified Rankin Scale 

(19). During the first 24 hours after admission, fasting 
venous blood was taken from each patient for routine 
laboratory measurements, including fasting glucose, 
serum liver enzymes, total cholesterol, serum creatinine, 
activated partial thromboplastin time (APTT), 
ptothrombin index (PTI) and international normalized 
ratio (INR), etc.  
Upon admission, each patient underwent examination 
and treatment by certified neurologists in accordance 
with national guidelines for the treatment of acute 
cerebral stroke at the hospital level. In addition, for 7 -
10 days after the onset of stroke symptoms, all patients 
had their body temperature and respiratory symptoms 
recorded daily after admission, a physical examination 
was performed, and the results of additional studies 
were monitored. 
Stroke-associated pneumonia 
SAP was defined as a spectrum of lower respiratory tract 
infections that developed during the first 7 days after 
the onset of stroke (20). In addition, this spectrum was 
taken into account in the presence of fever (> 38 ° C) 
and/or leukopenia (< 4000 × 109 cells / l) or leukocytosis 
(> 12000 × 109 cells / L), and at least two of the following 
criteria: (1) a new appearance of purulent sputum, a 
change in the nature of sputum or an increase in 
respiratory secretions, or an increase in the need for 
suction of secretions of the tracheo-bronchial tree; (2) a 
new appearance or intensification of coughing or 
shortness of breath or tachypnea; (3) crepitation or 
bronchial respiratory noises; (4) deterioration of gas 
exchange, increased oxygen demand.  
In addition, SAP was diagnosed in the presence of 
additional typical changes on a chest X-ray or computed 
tomography (CT) (20, 21). The diagnosis of each case of 
acute stroke was confirmed by at least two attending 
physicians using diagnostic criteria for SAP 
Study variables 
The following variables were included in the analysis: 
sex,  age, ethnicity, body mass index (BMI), vital signs 
such as systolic and diastolic blood pressure, respiratory 
rate, heart rate, oxygen saturation, temperature on 
admission to hospital; hospitalization duration; need in 
oxygen; risk factors – smoking and alcohol overuse; 
comorbidities – diabetes, CAD, COPD, atrial fibrillation; 
type of stroke – ischemic or hemorrhagic, neurological 
signs – dysphagia, neck stiffness, vomiting; neurological 
assessment scales - Glasgow Coma Scale (Glasgow coma 
Scale scores: with 15 being a fully awake and responsive 
state and 3 indicating a comatose or vegetative state) 
(22), NIHSS Scale (17), Rankin scale (19); hematology 
parameters – hemoglobin, leucocytes, platelets, 
lymphocytes, erythrocyte sedimentation rate (ESR), INR, 
and biochemical parameters – blood glucose, creatinine, 
bilirubin.
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Statistical analysis  
Statistical analysis was performed using the SPSS version 
27 software (IBM, USA). For quantitative indicators, 
mean and values and standard deviations were 
calculated, and qualitative indicators were presented as 
the frequency (in n (%)). When comparing the two 
quantitative indicators, the Student's unpaired t-test 
was used. The Pearson agreement criterion (Chi-square 
test) was used in the qualitative analysis or the exact 
Fischer criterion. The differences were accepted as 
significant at p< 0.05.  
Logistic regression was used to identify possible 
predictors of SAP development. Initially, the univariate 
analysis was performed for all indicators (sex, age, 
clinical, hematological, biochemical, neurological, 
including scales). Further, all indicators with a value of 
α<0.15 were selected for multiple logistic regression to 
reveal independent predictors of SAP development. The 

multiple logistic analysis with stepwise exclusion of 
indicators was used. Predictors considered independent 
and statistically significant at a level of α<0.05 were then 
included in the final prognostic model.  
Next to determine diagnostic accuracy of model to 
predict SAP, the  ROC analysis was performed and area 
under the curve (AUC) curve was constructed, sensitivity 
and specificity estimated. 
 
Results 
Among 504 patients admitted with acute cerebral stroke 
to the department during study period, 102 were 
eligible to be  included in the study (Fig. 1) All the 
subjects were divided into 2 groups: the main group 
consisted of 51 patients with SAP and the control group 
consisted of 51 patients without SAP.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Flowchart of study patients recruitment according to STROBE guidelines 

Clinical characteristics 
The main demographic indicators are presented in Table 
1. Patients with SAP were statistically significantly older 
than patients without SAP (p=0.04). At the same time, 

there were no significant differences between the 
groups in terms of BMI, male sex and Kyrgyz nationality. 
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All indicators of vital functions differed statistically when 
comparing the groups. Thus, systolic blood pressure in 
the SAP group was higher than in patients in the group 
without SAP (p =0.028) and exceeded normal values, 
while diastolic blood pressure, heart rate, respiratory 
rate, although were  higher in the SAP group (all p<0.05), 
remained at the upper limit of the normal values. It is 
noteworthy that the oxygen saturation in the SAP group 
was closer to critical values (p<0.001), and the 
temperature was elevated, although it remained within 
subfebrile values (p<0.001) as compared to group 
without SAP. 
Smoking and alcohol abuse were more common in 
patients in the main group (p<001 and p=0.044, 

respectively). There was also a high incidence of CAD 
and COPD in patients with SAP as compared to patients 
without (p<0.001, p=0.004). At the same time, there 
were no significant differences frequency of  diabetes 
mellitus and atrial fibrillation (p>0.05).  
From hematological parameters, at admission, higher 
leukocyte levels were observed in the main group 
compared with patients in the control group (p=0.006). 
In contrast, the levels of lymphocytes and platelets were 
statistically lower than in the control group (p <0.001 
and p=0.005, respectively). There were no significant 
differences between the groups from the biochemical 
analyses parameters (p>0.05 for all). However INR was 
higher SAP group (p=0.03). 

 

Table 1. Comparison of demographic, vital functions, comorbidities, hematological and biochemical 
variables between study groups 

Variables SAP 
(n=51) 

Without SAP 
( n=51) 

p* 

Demographic factors 

Age, years 69.8 (10.7) 65.6 (9.6) 0.04 

Body mass index, kg/m2 26.6 (5.0) 26.2 (3.4) 0.69 

Men, n (%) 26 (51) 26 (51) 1.0 

Kyrgyz ethnicity, n(%) 35 (68.6) 37 (72.5) 0.67 

Vital signs 

Systolic BP, ммHg 162 (36) 148 (30) 0.028 

Diastolic BP, ммHg 93 (13) 86 (15) 0.01 

HR, per min 87.2 (17.1) 77.0 (10.8) <0.001 

RR, per min 18.8 (1.9) 18.2 (0.7) 0.022 

SpO2, % 91.7 (4.9) 95.5 (2.9) <0.001 

Temperature, С0 37.8 (0.9) 36.4 (0.23) <0.001 

Risk factors and comorbid conditions 

Smoking, n(%) 19 (37.3) 1 (2.0) <0.001 

Alcohol overusing, n(%) 4 (7.8) 0 (0) 0.044 

Diabetes mellitus,  n(%) 8 (15.7) 13 (25.5) 0.225 

CAD,  n(%) 29 (56.9) 12 (23.5) <0.001 

COPD,  n(%) 12 (23.5) 2 (3.9) 0.004 

Atrial fibrillation,  n() 7 (13.7) 4 (7.8) 0.343 

Hematological and biochemical parameters 

Hemoglobin, g/l 134.4 (21.6) 139.8 (21.9 0.215 

Leucocytes, 109 10.98 (5.14) 8.54 (3.51) 0.006 

Lymphocytes,  13.53 (6.99) 20.85 (9.98) <0.001 

Platelets, 103 224 (60) 269 (92) 0.005 

ESR, mm/h 22.08 (15.50) 17.53 (10.60) 0.089 

Glucose, mmol/l 6.55 (2.51) 6.89 (2.41) 0.495 

Creatinine, mmol/l 94.4 (38.1) 111.1 (47.8) 0.07 

Total bilirubin, mmol/l 17.1 (12.1) 15.0 (8.9) 0.395 

INR 1.09 (0.15) 1.03 (0.10 0.03 

Data are presented as mean (SD) and n(%) 
*unpaired t test for independent samples, Chi-square or Fischer exact test 
BP – blood pressure, CAD – coronary artery disease, COPD – chronic obstructive pulmonary disease, ESR - 
erythrocytes sedimentation rate, HR – heart rate, INR - International normalized ratio RR-respiration rate, 
SAP – stroke associated pneumonia, SpO2 – oxygen saturation 
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Figure 2 shows the comparative length of stay and the 
frequency of oxygen therapy needs. Patients with SAP 
(the main group) stayed in the hospital longer (13.3 (4.2) 

vs. 9.3  (2.4) days, p <0.001) and needed oxygen therapy 
more often (82.4 vs. 21.6%, p<0.001). 
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Figure 2. Duration of hospitalization (A) and frequency of oxygen support (B) in both groups 
SAP – stroke-associated pneumonia 
 
Table 2 shows the results of a comparison of 
neurological assessment scales, as well as the frequency 
of ischemic stroke and a number of neurological 
symptoms. Significant differences were found in all 
three scales, showing a more severe initial condition of 

patients in the main group (all p<0.001). There was also 
a significantly higher neck muscle rigidity and dysphagia 
in the study group compared with the control group 
(p<0.001 for both). However, there were no differences 
in the incidence of ischemic stroke. 

 

Table 2. Comparison of neurological indicators and scales between study groups 
 

Variables SAP 
(n=51) 

Without SAP 
( n=51) 

p* 

Glasgow coma Scale, score 10.04 (2.27) 14.12(1.69) <0.001 

NIHSS Scale, score 17.61 (7.14) 6.71 (6.40) <0.001 

Rankin Scale, score 3.96  (0.75) 2.12 (1.07) <0.001 

Ischemic stroke, n(%) 38 (74.5) 45 (88.2) 0.076 

Vomiting, n(%) 8 (15.7) 5 (9.8) 0.378 

Neck stiffness, n(%) 19 (37.3) 4 (7.8) <0.001 

Dysphagia, n(%) 44 (86.3) 4 (7.8) <0.001 

Data are presented as mean (SD) and n(%) 
*unpaired t test for independent samples, Chi-square or Fischer exact test 
SAP – stroke associated pneumonia 
Interpretation of  Glasgow coma Scale scores: with 15 being a fully awake and responsive state and 3 indicating a 
comatose or vegetative state. Interpretation of  NIHSS - National Institutes of Health Stroke Scale scores: 0 is no 
stroke, 1-4 is a minor stroke, 5-15 is moderate, 16-20 is moderate-to-severe, and 21-42 is severe.  Interpretation 
of  Rankin Scale a scores: 1 indicates no significant disability, while higher scores indicate increasing levels of 
impairment, from slight disability (2) to severe disability requiring constant care (5)  

B
ed

 d
ay

s 

Without SAP With SAP With SAP Without SAP 



Heart, Vessels and Transplantation 2025; 9: doi: 10.24969/hvt.2025.609 
Predictors of SAP development         Kadyrov et al. 
  
According to the results of multiple logistic analysis 
(Table. 3) it was revealed that the level of systolic 
pressure, the presence of dysphagia, the Glasgow scale, 

age, as well as the level of INR upon admission are 
independent factors associated with the development of 
SAP. 

Table 3. Results of multiple logistic analysis to identify independent predictors of SAP 

Parameters β OR 95 CI p 

Systolic BP 0.033 1.034 1.008 – 1.061 0.011 

Dysphagia  3.785 44.053 6.463 – 300.291 <0.001 

Glasgow coma Scale -0.557 0.573 0.393 – 0.834 0.004 

Age 0.078 1.081 1.003 – 1.165 0.041 

INR 0.915 2.496 1.077-5.784 0.033 

Constant -14.849 0.0  <0.001 

BP- blood pressure, CI – confidence interval, INR – international normalized ratio, OR – odds ratio, 
SAP – stroke associated pneumonia 

 
Subsequently, we assigned the variables that entered 
the model. The assignment table was shown in Table 4. 

The regression model was: Logit (P) = 
−14.849+0.033X1+3.785X2  −0.557X3+0.078X4+0.915X5. 

 

Table 4. Variable assignments  

Predictor Variable Remarks 

Systolic BP, mmHg X1 Continuous 

Dysphagia  X2 0 = “No”, 1 = “Yes” 

Glasgow coma Scale, points X3 Continuous 

Age, years X4 Continuous 

INR*  X5 Continuous 

BP- blood pressure, INR – international normalized ratio, * - actual INR should be divided 
in 10  

 
Figure 3 shows the ROC analysis curve constructed using 
the predictive model of multiple logistic analysis. It can 
be seen that the model shows a very good 
discrimination ability (AUC= 0.967, 95CI 0.936 to 0.998). 

The Youden index for the model was 0.842, with the 
cutoff of the probability (P) equaled to 0.472. Having this 
level of probability, the model showed a sensitivity of 
92.0 and a specificity of 92.2 for SAP prediction. 

 

 
Figure 3. ROC curve of the SAP predictors model  
SAP – stroke-associated pneumonia 
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Table 5. Diagnostic value of SAP predictors individually and in the general model 

Predictor  AUC 95%CI p 

Systolic BP 0.624 0.514 – 0.734 0.027 

Dysphagia  0.892 0.822 – 0.962 <0.001 

15-GCS* 0.915 0.853- 0.978 0.032 

Age 0.617 0.506 – 0.727 0.038 

INR  0.654 0.546- 0.763 0.005 

Model 0.967 0.936 – 0.998 <0.001 

AUC – area under curve, BP- blood pressure, CI – confidence interval, GCS – Glasgo coma 
scale, INR – international normalized ratio,  
* Since the Glasgow scale score is the protective factor, the decrease from the maximum 
scores was used to calculate AUC. 

 
Discussion 
Pneumonia is a common type of infection after a stroke 
and significantly delays the recovering of neurological 
function (23).  
All patients included in our study were hospitalized 
within 72 hours of the onset of the disease. The 
proportion of patients admitted to the department 
within 24 hours of the onset of stroke was 80.65, and 
patients with pre-stroke pulmonary and other infections 
were excluded from the study. 
The indicator of vital functions as increased blood 
pressure has shown its predicative significance in 
relation to an increased risk of developing SAP.  Other 
researchers also pointed to the association of SAP 
development with increased blood pressure, but this 
association mostly concerned severe hypertension 
(blood pressure above 200/120 mmHg), whereas in our 
study, the average blood pressure values did not reach 
170 and 100 mmHg (24, 25).  
The average saturation values are close to critical figures 
in patients with SAP, which, in our opinion, is a reflection 
of the severity of the neurological deficit and the level of 
impaired consciousness.  
All three scales for assessing neurological deficits 
(Glasgow, NIHSS, and Rankin) differed statistically 
between the groups, however, it was the Glasgow scale 
that was determined as an independent predictor of 
SAP.  
In our study, fever in patients with SAP was 
accompanied by leukocytosis and lymphopenia in the 
first days of admission. In one retrospective study, the 
SAP identifies the neutrophil-lymphocyte ratio as an 
independent risk factor and finds its association with an 
increased risk of acute apnea syndrome (26).  
In our opinion, a more pronounced neurological deficit, 
dysphagia, and the need for oxygen therapy may be a 
favorable background for aspiration, which, combined 
with immunosuppression caused by stroke, contributes 
to the development of SAP through complex humoral 

and neural pathways that include the hypothalamic-
pituitary-adrenal axis. 
In addition to dysphagia, age and INR were other 
independent predictors in our study. Many studies have 
also pointed to a clear association of age and dysphagia 
with the risk of developing SAP (15, 22, 27-30).  
A number of studies indicate that ischemic stroke and 
atrial fibrillation are also risk factors for the 
development of SAP (16, 22, 29); however, our study did 
not reveal such a relationship. This can be explained by 
the smaller number of observations in our case.  
It may seem unexpected to identify the level of INR as a 
significant predictor of SAP development. However, in 
the last 2-3 years, several articles have appeared that 
draw attention to the relationship between INR and the 
development of SAP (31-34). The three of the four 
articles found higher INR levels in patients with SAP 
compared to control patients. Upon further analysis 
using multiple logistic regression, only one study (31) 
showed INR to be an independent predictor of SAP 
development. In the other two studies, D-dimer (32) and 
activated partial thromboplastin time (aPTT) (33) were 
independent predictors instead of INR, respectively. 
Eventually, it can be assumed that changes in the 
coagulation system, which involve INR, D-dimer, and 
aPTT, affect the likelihood of developing SAP. One 
possible explanation for this relationship may be that 
activation of coagulation in ischemic stroke leads to the 
consumption of coagulation factors and, consequently, 
to an increase in INR, D-dimer, as well as in a prolonged 
aPTT (30). As for the study, that found no differences in 
INR in patients with IAP (34), it included patients with 
ischemic stroke after the thrombolysis. This intervention 
(thrombolysis) could have significantly affected 
coagulation factors and, as a result, mitigate possible 
baseline differences in INR.  
Study limitations  
The results of this study cannot be extended to all stroke 
patients in Kyrgyzstan, as the study was conducted in 



one hospital. Another limitation of this study is the relatively small sample.  
Heart, Vessels and Transplantation 2025; 9: doi: 10.24969/hvt.2025.609 
Predictors of SAP development         Kadyrov et al. 
  
In addition, important predictors such as the patient's 
immune status and the time of nasogastric tube 
insertion were not included in this study due to the lack 
of documentation in the patient's medical records 
Conclusion 
The increased risk of pneumonia in patients with acute 
stroke can be predicted fairly accurately using a small 
set of clinical risk factors. High systolic blood pressure, 
older age, low score on the Glasgow Coma Scale, 
dysphagia, and high INR were risk factors that increased 
the risk of post-stroke pneumonia. Model including all 
these factors has high diagnostic accuracy  in prediction 
of SAP. 
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