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Purpose: To evaluate the value of the NLR (neutrophil-to-lymphocyte ratio) and the
fibrinogen level in predicting stroke-associated pneumonia (SAP) in acute ischemic stroke
(AIS) patients.

Patients and Methods: In total, we enrolled 734 medical-ward patients with AIS in this
retrospective study. Patients were divided into SAP (n=52) and non-SAP (n=682) groups
according to the diagnostic criteria of SAP. Binary logistic regression analysis was used to
analyze the relationship between the NLR, serum fibrinogen concentration and SAP.
Receiver operating characteristic (ROC) curves were generated to identify the optimal cutoff
points and assess the diagnostic value of the NLR, serum fibrinogen and the combination of
NLR and fibrinogen in predicting SAP.

Results: SAP occurred in 52 (7.08%) patients among the enrolled AIS patients. Binary
logistic regression analysis showed that the NLR (odds ratio [OR]: 2.802, 95% confidence
interval [CI]: 1.302—6.032, P=0.008) and serum fibrinogen concentration (OR: 7.850, 95%
CI: 3.636-16.949, P=0.000) were independently associated with a higher risk of SAP
incidence after adjusting for age, sex, ASPECT score, atrial fibrillation, nasogastric tube
feeding, LDL-C and TC, temperature at admission and mechanical ventilation. The optimal
cutoff points of the NLR and serum fibrinogen to distinguish SAP among AIS patients were
3.603 (AUC, 0.690; NPV, 95.78; PPV, 19.01) and 4.595 (AUC, 0.727; NPV, 95.60; PPV,
24.49), respectively. When the combination of NLR and fibrinogen was used to predict SAP,
the optimal cutoff points were >2.436 for NLR and >3.24 for fibrinogen (AUC, 0.758; NPV,
98.50; PPV, 11.80).

Conclusion: The NLR and serum fibrinogen might have greater negative diagnostic value in
predicting SAP among AIS patients. Combining the NLR and serum fibrinogen showed an
increased AUC for predicting SAP among AIS patients.

Keywords: stroke-associated pneumonia, neutrophil-to-lymphocyte ratio, fibrinogen,
receiver operating characteristic curve

Introduction

Stroke is a debilitating disease and a leading cause of mortality and disability
worldwide, which results in heavy social and economic burdens.'? A growing
amount of evidence has revealed that stroke-associated pneumonia (SAP) is one
of the most frequent and serious medical complications, with morbidity ranging
from 3% to 47%:>7 moreover, SAP is characterized by an unfavorable functional
outcome after acute ischemic stroke (AIS) and leads to higher mortality and
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morbidity as well as a lengthened hospitalization duration. Thus, early
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identification and effective prevention are more critical
and urgent than the treatment of stroke-associated
pneumonia.

Evidence has demonstrated that inflammation is not
only important in the pathophysiology of stroke but also
indispensable in the occurrence and development of SAP.
In addition, as demonstrated in recent studies, immunomo-
dulation after stroke can increase the susceptibility to
12414 The
(NLR) is a commonly used hematological parameter of

pneumonia. neutrophil-to-lymphocyte  ratio
infection and systemic inflammation. Increased NLR
levels may be an independent predictor for unfavorable
clinical prognosis after stroke.'” '’ Some evidence has
revealed that patients with a higher NLR have an increased
susceptibility to SAP.'®

Fibrinogen is not only the final product of the coagula-
tion cascade but also the classic acute phase reactant and
an effective modifier of inflammatory processes.
Substantial evidence indicates that hyperfibrinogenemia
plays a vital function in the pathogenesis of AIS and is
involved in poor prognoses, such as increased in-hospital
mortality, cognitive impairment, and recurrent ischemic
events.'” >’ Fibrinogen plays critical roles in chronic low-
grade inflammation.”® Whether it may reflect the inflam-
matory state in stroke patients remains unclear. Our study
is the first to evaluate the clinical utility of fibrinogen in
the prediction of SAP. At the same time, we attempted to
combine the NLR and the fibrinogen level to provide

a basis for identifying SAP among patients with AIS.

Patients and Methods

Patients

Our study was conducted at Zhujiang Hospital of
Southern Medical University. Inclusion criteria were as
follows: 1) patients diagnosed based on imaging evi-
dence (cranial magnetic resonance imaging or computed
tomography) and relevant clinical symptoms within 24
h after admission; 2) patients admitted within 7 days
of stroke onset; and 3) patients with complete clinical
information. Exclusion criteria were as follows: 1) pre-
existing pneumonia or active infection before admis-
sion; 2) a medical history of cancer, hematologic disease,
any other CNS injury and ongoing immunosuppressant
treatment; 3) transitory ischemic attack (TIA); 4) cere-
bral hemorrhage; 5) patients who were discharged or
died during the first 3 days of hospitalization; and 6)
preventive antibiotic therapy. This study was permitted

by the Ethics Committee of Zhujiang Hospital of
Southern Medical University. The requirement for
informed consent was waived by the committee because
of the observational and retrospective nature of the
investigation. According to the inclusion and exclusion
criteria described above, a total of 734 consecutive
patients with AIS were retrospectively included in this
study between January 2017 and December 2019
(Figure 1).

Diagnosis of SAP
SAP was diagnosed based on the 2015 diagnosis

consensus>’ according to clinical and laboratory examina-
tions and was confirmed through sputum culture results
and chest CT scans retrospectively from medical records.

Data Collection

The collected data were as follows: demographic data (sex
and age), diabetes, hypertension, atrial fibrillation, chronic
obstructive pulmonary disease and previous history of
stroke or TIA, systolic pressure and diastolic pressure at
admission, temperature at admission, nasogastric tube
feeding, mechanical ventilation, laboratory examinations
at admission (triacylglycerol [TG], low-density lipoprotein
cholesterol [LDL-C] and total cholesterol [TC], blood
glucose, homocysteine, urea, creatinine, albumin, neutro-
phils, lymphocytes, fibrinogen) and the ASPECT score at
admission.

All blood samples were collected within 24 h of admis-
sion from participants in a fasting status. WBCs were
counted through an automated cell counter, and the NLR
was calculated as the absolute neutrophil count divided by
the absolute lymphocyte count. The serum fibrinogen con-
centrations were detected by the modified Clauss method.

Statistical Analysis

First, all enrolled patients were divided into SAP and non-
SAP groups. The distribution of quantitative data was
tested by the Kolmogorov—Smirnov method. Normally
distributed data were defined as the mean (SD), while non-
normally distributed data were expressed as the median
(range). To compare differences between parameters of
SAP and non-SAP, the independent sample Student’s
t-test and Mann—Whitney U-test were used for normal
distributions and non-normal distributions, respectively.
Qualitative data are presented as numbers (percentages),
and the chi-square test was applied to compare subgroup
differences.
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Acute ischemic stroke patients from January 2017 to December 2019 (n=1989)

Visited within 7 days
of symptoms onset

v

I »> Exclude: n=1071

Acute ischemic stroke patients within 7days (n=918)

Other exclusion criteria

1. Pre-existing pneumonia or active infection before
admission (n=28)
r, | 2. A medical history of cancer, hematologic disease,

C >
. any other CNS injury and ongoing immunosuppressant
v treatment (n=36)
} . 3. Transitory ischemic attack (n=22)
Final analysis(n=734) 4. Cerebral hemorrhage (n=61)
SAP:52 5. Patients who were discharged or died during the
Non-SAP:682 first 3 days of hospitalization (n=32)

6. Preventive antibiotic therapy (n=4)
7. Lack of blood cell counts data or fibrinogen (n=1)

Figure | Enrollment flow chart of study cohort.

Next, to evaluate the baseline characteristics of AIS
patients who had a higher NLR or fibrinogen and make
comparisons between the basic characteristics of the high
and low NLR groups or fibrinogen groups, we dichoto-
mized the enrolled patients with the cutoff values of NLR
(3.603) and fibrinogen (4.595), which were obtained from
the ROC curve. Additionally, associations between dif-
ferent NLR and fibrinogen levels and the risk of SAP
were estimated using the univariate analysis and binary
logistic regression analysis analyses. We adjusted for all
potential confounders (Parameters with P value less than
0.05 in univariate analysis), including age, sex, ASPECT
score, atrial fibrillation, nasogastric tube feeding, LDL-C
and TC, temperature at admission and mechanical venti-
lation. The results are presented as odds ratios (ORs)
along with 95% confidence intervals (Cls), and the
lower value group for NLR and fibrinogen was set as
the reference.

Finally, the ROC curve was used to evaluate the diag-
nostic value of a combination of the NLR and serum
fibrinogen concentration or either parameter alone, simul-
taneously obtaining the optimal cutoff point of NLR and
fibrinogen for SAP. The differences in the areas under the
curves (AUCs) were compared by the DeLong test.
P values < 0.05 were considered to be statistically signifi-
cant. The analysis of AUCs was performed with MedCalc
software (Version 18.2.1). Other statistical analyses were
performed using SPSS software (IBM SPSS 22.0).

Results

In this study, a total of 734 patients with AIS were
included. Five of them received Intravenous thrombolysis
(IVT) and four received Endovascular treatment (EVT).
SAP was diagnosed in 52 patients (7.08%), and non-SAP
was diagnosed in 682 patients (92.92%).

A comparison of the clinical and laboratory parameters
between the SAP and non-SAP groups is shown in Table
1. As demonstrated in Table 1, the SAP group showed
significantly older age and higher temperature, diastolic
pressure, WBCs, and neutrophils, as well as a higher pre-
valence of atrial fibrillation, nasogastric tube feeding and
mechanical ventilation than patients with non-SAP
(p<0.05). They also had lower TC, LDL and ASPECT
scores than the non-SAP group. Moreover, patients with
SAP had a significantly higher NLR and higher fibrinogen
levels than the non-SAP group (NLR: 3.61 [2.08-5.81]
versus 2.09 [1.54-2.99]; P=0.000. Fibrinogen: 4.18
[3.41-5.75] versus 3.30 [2.87-3.90]; P=0.000, Table 1).
There were no statistically significant differences in the
rest of the parameters (P>0.05).

When we made a comparison between the higher and
the lower NLR groups, AIS patients in the higher NLR
groups presented older age; higher rates of atrial fibrilla-
tion, diabetes mellitus, nasogastric tube feeding and
mechanical ventilation; lower frequencies of stroke his-
tory; and lower ASPECT scores than did patients in the
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Table | Baseline Characteristics of SAP and Non-SAP Patients with Acute Ischemic Stroke (N=734)

Parameters SAP (n=52) Non-SAP (n=682) OR (95% CI) ]

Age (year) 69.56x13.14 63.52+11.09 - 0.000
Sex (males/Females) 34/18 432/250 - 0.768
Hypertension, n (%) 34 (65.38) 382 (56.01) 1.483 (0.821-2.679) 0.189
Diabetes, n (%) 16 (30.77) 191 (28.01) 1.143 (0.619-2.107) 0.669
Atrial fibrillation, n (%) 4 (7.69) 13 (1.91) 4.288 (1.347-13.657) 0.007
Storke history, n (%) 22 (42.31) 311(45.60) 0.875 (0.495-1.548) 0.646
Nasogastric tube feeding, n (%) 24 (46.15) 6(0.88) 96.571 (36.566-255.05) 0.000
Mechanical ventilation, n (%) 6 (11.54) 0 (0) (11.965-20.934) 0.000
COPD, n (%) I (1.92) 5(0.73) 2.655 (0.304-23.155) 0.358
Systolic pressure (mmHg) 136.00 (125.75-149.75) 132 (122-144) - 0.077
Diastolic pressure (mmHg) 80.02+9.39 80.79+9.56 - 0.041
Temperature at admission (°C) 36.50 (36.40-36.70) 36.40 (36.30-36.50) - 0.000
LDL-C (mmol/l) 2.23 (1.64-2.96) 2.70 (2.07-3.40) - 0.009
TG (mmol/l) 1.13 (0.85-1.65) 1.28 (0.94-1.86) - 0.160
TC (mmol/l) 3.88 (2.86—4.58) 4.51 (3.79-5.33) - 0.000
Blood sugar (mmol/l) 5.33 (4.64-6.94) 5.15 (4.66-6.22) - 0.384
Homocysteine (umol/l) 12.61 (9.46—16.19) 12.12 (10.06—-14.71) - 0.517
Creatinine (umol/l) 69.77 (57.15-94.31) 77.05 (65.53-94.03) - 0.102
Urea (mmol/l) 5.22 (3.88-6.62) 5.34 (4.36-6.39) - 0.576
WBC (107%/1) 7.91 (6.09-10.09) 6.70 (5.52-8.31) - 0.002
Neutrophil (104%/1) 5.74 (3.86-7.34) 3.98 (3.07-5.11) - 0.000
Lymphocyte (107%/]) 1.71£0.73 1.96+0.85 - 0.573
Fibrinogen (g/l) 4.18 (3.41-5.75) 3.30 (2.87-3.90) - 0.000
NLR 3.61 (2.08-5.81) 2.09 (1.54-2.99) - 0.000
ASPECT score at admission, 11.00 (10.00-12.00) 12.00 (11.00-13.00) - 0.012

Notes: Bold indicates P-values less than 0.05. Data are expressed as mean +SD or median (IQR), unless indicated otherwise.

Abbreviations: COPD, chronic obstructive pulmonary disease; LDL-C, low-density lipoprotein cholesterol; TG, triacylglycerol; TC, total cholesterol; WBC, white blood

cell; NLR, neutrophil-to-lymphocyte ratio.

lower NLR group. In the higher fibrinogen group of AIS
patients, we observed older age; a higher proportion of
diabetes mellitus, atrial fibrillation and nasogastric tube
feeding; and lower ASPECT scores than did patients in
the lower NLR group (Table 2). The results of the uni-
variate analysis showed that patients with admission NLRs
in the higher group (=3.603) had a higher risk of develop-
ing SAP than patients in lower group had (<3.603) (odds
ratio [OR]: 5.535, 95% confidence interval [CI]: 2.982—
9.508, P=0.000). The same result was also found for
fibrinogen. After adjusting for confounders, we still
found a strong association of either NLR > 3.603 or
fibrinogen >4.595 with an increased risk of SAP after
AIS (NLR: aOR 4.389, 95% CI 2.399-8.029, p = 0.000
Model 1; aOR: 2.802, 95% CI 1.302-6.032, p=0.008
Model 2. Fibrinogen: aOR: 6.394, 95% CI 3.491-11.712,
p = 0.000 Model 1; aOR: 7.850, 95% CI 3.636-16.949,
p = 0.000 Model 2, Table 3).

Significant differences were found between the SAP
and non-SAP groups in terms of the following indicators:

age, temperature, LDL, TC, WBCs, neutrophils, fibrino-
gen, NLR, ASPECT score, atrial fibrillation, nasogastric
tube feeding and mechanical ventilation. Thus, these are
probably potential diagnostic indicators for discriminating
SAP from AIS. To evaluate the value of the aforemen-
tioned indicators, we used ROC curves to differentiate
SAP patients from AIS patients. The AUCs and the opti-
mal cutoff values are shown in Table 4. The largest AUCs
for diagnosing SAP were the NLR (AUC, 0.690) and the
fibrinogen level (AUC, 0.727), along with the optimal
cutoff points, were 3.603 and 4.595, respectively.
combined NLR
(AUC=0.758) to improve the diagnostic value. The opti-

Therefore, we and fibrinogen
mal cutoff points for recognizing SAP from AIS were
NLR>2.436 and fibrinogen>3.24 with a sensitivity of
90.38% and a specificity of 48.53%, offering a positive
predictive value (PPV) of 12.01% and offering a negative
predictive value (NPV) of 98.78% for SAP (Figure 2). The
AUC of NLR and fibrinogen was significantly higher than
either parameter alone (P<0.05).
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Table 2 Baseline Characteristics of Patients with Lower/Higher NLRs and Fibrinogen (N=734)

Lower NLR Higher NLR (NLR P value Lower Fib Higher Fib (Fib P value
(NLR<3.603) >3.603) (Fib<4.595) >4.595)
Number of patients 592 142 636 98
SAP events, n (%) 25(4.22) 27(19.01) 0.000 28(4.40) 24(24.49) 0.005
Age (year) 63(55-71) 69(62-78) 0.000 64(56-72) 66(60-74) 0.008
Sex, male (%) 367(61.99) 99(69.72) 0.086 400(62.89) 66(67.35) 0.394
Hypertension, n (%) 333(56.25) 83(58.45) 0.635 348(54.72) 68(69.39) 0.006
Diabetes mellitus, n (%) 156(26.35) 51(35.92) 0.023 164(25.79) 43(43.88) 0.000
Atrial fibrillation, n (%) 9(1.52) 8(5.63) 0.003 12(1.89) 5(5.10) 0.049
COPD, n (%) 4(0.68) 2(1.41) 0.384 5(0.79) 1(1.02) 0.8l1
Stroke history, n (%) 281(47.47) 52(36.62) 0.02 300(47.17) 33(33.67) 0.120
Nasogastric-tube 12(2.03) 18(12.68) 0.000 19(2.99) 11(11.22) 0.000
feeding, n (%)
Mechanical ventilation, 2(0.34) 4(2.82) 0.003 4(0.63) 2(2.04) 0.148
n (%)
ASPECT scores 12(11-13) 11(10-12) 0.008 12(11-13) 10(11-12) 0.007

Notes: Bold indicates P-values less than 0.05. Data are expressed as median (IQR), unless indicated otherwise.
Abbreviations: NLR, neutrophil to lymphocyte ratio; fib, fibrinogen; SAP, stroke associated pneumonia; COPD, chronic obstructive pulmonary disease.

Table 3 Multivariate Analysis of the Association of NLR and Fibrinogen with SAP Among AIS Patients

Case (%) Unadjusted Model | Model |
OR (95%) P Trend OR (95%) P Trend OR (95%) P Trend

NLR, 1079/1

<3.603 592(80.7) 1.00(reference) 0.0000 1.00 (reference) 0.0000 1.00 (reference) 0.0000

2 3.603 142(19.3) 5.325 (2.982-9.508) 4.389 (2.399-8.029) 2.802 (1.302-6.032)
Fibrinogen, (g/1)

<4.595 636(86.6) 1.00(reference) 0.0000 1.00 (reference) 0.0000 1.00 (reference) 0.0000

24.595 98(13.4) 7.042 6.394 7.850

(3.880-12.784) (3.491-11.712) (3.636-16.949)

Notes: Model I: adjusted for age and sex. Model 2: adjusted for age, sex, the ASPECT score at admission, low-density lipoprotein cholesterol [LDL-C] and total cholesterol
[TC], temperature at admission, mechanical ventilation, atrial fibrillation and nasogastric tube feeding.
Abbreviations: NLR, neutrophil to lymphocyte ratio; OR, odds ratio.

Table 4 Optimal Cutoff Values for the Prediction of SAP

Parameters Cutoff AUC(95% ClI) Sensitivity | Specificity | PPV(%) | NPV(%) PLR NLR
Age (year) 76.50 0.644(0.558-0.729) 38.46 86.80 18.18 94.87 0.222 0.054
T (°C) 36.55 0.656(0.581-0.735) 44.23 78.89 13.77 94.89 0.160 0.054
LDL (mmol/l) 1.695 0.609(0.526-0.692) 87.68 26.92 11.39 94.97 0.129 0.053
TC (mmol/l) 3.955 0.654(0.571-0.737) 70.09 55.77 12.47 95.41 0.142 0.048
Neutrophil (104°/1) 5.695 0.670(0.581-0.760) 51.92 81.96 18.00 95.72 0.220 0.045
Fibrinogen (g/l) 4.595 0.727(0.650-0.804) 46.15 89.15 24.49 95.60 0.324 0.046
NLR 3.603 0.690(0.600-0.779 51.92 83.14 19.01 95.78 0.235 0.044
ASPECT score 11.50 0.602(0.519-0.685) 55.13 61.54 9.47 94.95 0.105 0.053
Atrial fibrillation - - 7.69 98.09 2353 9331 0.308 0.717
Nasogastric tube feeding - - 46.15 99.12 80.00 96.02 4.000 0.041
Mechanicalventilation - - 11.54 100.00 100.00 93.68 - 0.067

Note: The cutoff points were obtained by maximizing the sum of sensitivity and specificity (maximum Youden index).
Abbreviations: AUC, area under the curve; T, temperature; LDL-C, low-density lipoprotein cholesterol; TC, total cholesterol; NLR, neutrophil-to-lymphocyte ratio.
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Figure 2 ROC curves for NLR, Fib and combination of NLR and Fib in predicting SAP (n=734).
Abbreviations: AUC, area under the curve; NLR, neutrophil-to-lymphocyte ratio; Fib, fibrinogen.

Discussion

As one of numerous frequent complications after stroke,
SAP is associated with an extended hospital stay, higher
rates of recurrence, worsening of the neurological outcome
and subsequent increases in care and financial burdens.® '
Thus, it is important for stroke patients to obtain an early
diagnosis and effective control of SAP, thereby improving
their survival rate as well as their quality of life. To our
knowledge, compared with the current existing literature,
our study is the first to investigate the prognostic role of
the NLR and the fibrinogen level in AIS patients related to
SAP risk. Furthermore, we evaluated the diagnostic value
of combining NLR and fibrinogen in predicting SAP
among AIS patients at an early clinical stage.

Currently, the pathophysiological mechanisms of SAP
are not well understood; nevertheless, there are several
possible explanations. First, stroke-induced immunode-
pression syndrome (SIDS) is recognized as a key contri-
butor to SAP.'*>° The well-balanced interplay between the

immune system and central nervous system (CNS) is vital
to the prognosis of acute stroke patients and could be
disturbed by acute stroke, thereby resulting in SIDS and
predisposing individuals to pulmonary infections.*!
Neutrophils not only serve in major immunomodulatory
functions during acute inflammation but may also be the
first activated immune cells to reach the site of the
ischemic brain to regulate and orchestrate the inflamma-
tory response after cerebral ischemia.’*>> In addition,
another indispensable component of the immune system
is lymphocytes, which are specific for CNS antigens and
can increase inflammatory responses in injured brain tis-
sue, thus resulting in a poor prognosis in AIS patients.*”
A recent study revealed an inverse correlation between the
percentage of lymphocytes and the NIHSS scores, which
are usually used to evaluate stroke severity.>*

The NLR combines well-known traditional inflamma-
tory indicators, neutrophilia and lymphocytopenia, show-
ing a better predictive value in bacterial infection.>*

Furthermore, previous studies have reported that the
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NLR is closely linked to some metabolic diseases, such as
diabetes mellitus, which are also recognized as risk factors
for SAP.>* As illustrated in Table 2, patients in the higher
NLR group had more risk factors for SAP. Another expla-
nation may be that stroke severity is a strong risk factor for
SAP**? Some studies have pointed out that nasogastric
tube feeding and mechanical ventilation are correlated
with an increased incidence of SAP.**"*® Consistent with
previous studies, our study showed that the higher NLR
group exhibited a higher prevalence of nasogastric tube
feeding and mechanical ventilation than patients with
a lower NLR, which can further predispose AIS patients
to immunosuppression and, consequently, infections.
Therefore, the NLR may act as a biomarker of severe
stroke individuals who are prone to SAP.

Fibrinogen, as a liver-produced acute phase protein and
a nonspecific inflammatory marker, may rise during any
inflammatory process and function in regulating systemic
inflammatory signals.*”° A study underscored that fibri-
nogen could deposit within inflammatory foci and that
extravascular deposits would exacerbate inflammation.?®
Although the liver is the chief site of fibrinogen synthesis,
epithelial cells from different tissues, including pulmonary
tissues, can express fibrinogen genes. Haidaris et al
reported that biosynthesis and secretion of fibrinogen can
be induced by pulmonary epithelial cells in response to
inflammation.>’ As described before, fibrinogen may be
a better marker in predicting the pulmonary inflammation
state. Furthermore, as fibrinogen is a blood coagulation
protein, studies have shown that hyperfibrinogenemia is
associated with a negative effect on the outcome of
AIS." 2! In our study, we demonstrated that higher fibri-
nogen levels led to increased odds of SAP. Neutrophils are
critical for immune reactions in pneumonia.>® Fibrinogen
protects neutrophils from the cytotoxicity of circulating
histones or leucocidins during NETosis (neutrophil extra-
cellular traps) and delays NET formation induced by
ionomycin.> In sum, we included fibrinogen and NLR as
predictors to determine the SAP prognosis more
accurately.

We observed that the SAP group had a prominently
higher NLR or higher fibrinogen level than the non-SAP
group. The percentage of SAP in the group with
NLR>3.603 was 19.01% (27/142), which was markedly
higher than that in the group with NLR<3.603 (4.22%, 25/
592) (OR: 5.325, 95% CI. 2.982-9.508, P=0.000).
Similarly, we found that fibrinogen had the same result.
In addition, we found a strong association between NLR or

fibrinogen and SAP, regardless of adjusting for potential
confounding factors. These revealed that both NLR and
fibrinogen were effective predictors of SAP, which was
independent of certain established risk factors (age, sex,
LDL-C, TC, temperature at admission, the ASPECT score,
atrial fibrillation, nasogastric tube feeding and mechanical
ventilation). Therefore, NLR and fibrinogen detection
could have predictive value for SAP among patients
with AIS.

Furthermore, our study showed that the AUC of the
NLR used to predict SAP was 0.690, with an optimal
cutoff of 3.603, and that the AUC of fibrinogen was
0.727, with the best cutoff being 4.595. Here the NPV
of SAP for NLR (95.78%) and fibrinogen (95.60%) was
higher than the PPV (NLR: 19.01%; fibrinogen:
24.49%), which indicates that lower NLR and lower
fibrinogen are more likely to help clinicians to exclude
SAP, while patients with higher NLRs and higher fibri-
nogen levels need further examinations to clarify the
etiology. The addition of serum fibrinogen to the NLR
was found to possess better predictive ability for SAP
among AIS patients. The AUC was 0.758 (with cutoff
points of >2.436 for NLR and >3.24 for fibrinogen),
which showed significantly better diagnostic value of
SAP than either parameter alone. Herein, the cost of
detecting the complete blood count and serum fibrinogen
was economical in clinical practice. Overall, because the
combined biomarkers have higher predictive ability than
individual biomarkers, combined biomarkers may con-
tribute to distinguishing AIS patients with a high risk of
developing SAP at an early clinical stage, thereby facil-
itating timely clinical intervention and appropriate
treatment.

There are several limitations of our current study that
merit consideration. First, our study was limited by a small
sample size from a single center, which could have caused
patient bias. Hence, further multicenter and prospective
studies are necessary. Second, NLR and fibrinogen were
merely measured at admission, and therefore, we could not
monitor the changes in NLR and fibrinogen dynamically,
which may be associated with disease progression. Third,
the time course for SAP was unclear. We cannot conclude
that there is a causal association between longer hospitali-
zation and SAP. Finally, due to our selected patient popu-
lation, our study cannot be applied to patients with
intracerebral hemorrhage. We hope future studies can eval-
uate the combined NLR and fibrinogen values as
a predictive biomarker in all types of stroke patients.
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Conclusion
Early diagnosis and timely intervention are very important

and can improve outcomes, promote survival rates and

reduce the care and financial burden of SAP. Our current

study showed that, compared with single biomarkers, com-
bined NLR and fibrinogen values had the highest predic-
tive value for SAP among AIS patients from the medical
ward. Taken together, our results suggest that NLR >2.436
and fibrinogen > 3.24 can be applied to screen for SAP in

AIS patients at an early stage in clinical practice.

Nonetheless, it is necessary to carry out further investiga-

tions for a better demonstration of the function of the NLR

and fibrinogen as well as their effect mechanism(s) relat-

ing to different aspects of AIS.
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