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Background: The neutrophil-to-lymphocyte ratio (NLR) and systemic inflammation response index (SIRI) at admission are
independent diagnostic biomarkers in stroke-associated pneumonia (SAP). Our study aimed to investigate the association between
NLR, SIRI, specifically follow-up NLR and SIRI, and SAP, as well as their relationship with functional outcomes.
Patients and methods: We retrospectively included 451 consecutive intracerebral hemorrhage patients from May 2017 to May
2019. We conducted univariate and multivariable analyses to identify the factors independently associated with SAP and poor
functional outcomes.
Results: Compared to 127 (28.16%) patients diagnosed with SAP, those without SAP had both lower baseline and follow-up NLR
and SIRI values (P<0.001). After adjustments, we found that baseline NLR [OR, 1.039 (95% CI, 1.003–1.077); P=0.036] and
follow-up NLR [OR, 1.054 (95%CI, 1.011–1.098); P=0.012] were independently associated with SAP. The follow-up NLR was also
associated with a higher mRS [OR, 1.124 (95% CI, 1.025–1.233); P=0.013] and lower ADL-MBI score [OR, 1.167 (95% CI,
1.057–1.289); P=0.002] at discharge. Multivariable analysis indicated that advanced age and nasogastric tube feeding were
independently associated with SAP (P<0.05). We constructed a dynamic nomogram to identify SAP risk. Further subgroup analysis
revealed that baseline NLR [OR, 1.062 (95% CI, 1.007–1.120); P=0.026] is independently associated with SAP in the nasogastric
feeding group, while follow-up NLR [OR, 1.080 (95% CI, 1.024–1.139); P=0.005] was associated with the occurrence of SAP in
non-nasogastric feeding patients.
Conclusions: We found elevated baseline and follow-up NLR values were associated with SAP occurrence, and increasing follow-
up NLR indicated poor functional outcomes. Inflammatory markers at different stages may offer individualized guidance for patients
receiving various treatments.

Keywords: Association, cerebral hemorrhage, neutrophil to lymphocyte ratio, outcome; stroke-associated pneumonia, systemic
inflammation response index

Introduction

Globally, the mortality and disability of intracerebral hemor-
rhage (ICH) remain significantly high[1,2]. Among survivors of
ICH, stroke-associated pneumonia (SAP) is the most common
devastating complication, with an incidence rate of 34.6%[3].

SAP exacerbates cerebral tissue hypoxia, resulting in secondary
impairments, considerable disability or functional outcome bur-
dens, along with increased medical expenses and prolonged
hospitalization of patients[3–6].

A three-year study of 20,677 patients in 14 stroke centers
reveals that about one-third of stroke deaths and poor functional
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outcomes could be intervened, such as intracranial hypertension,
stroke-associated pneumonia, or other complications[7]. A cohort
study of 5521 ICH patients demonstrates that SAP significantly
increases the risk of complications, such as epileptic seizure, atrial
fibrillation, gastrointestinal bleeding, deep vein thrombosis,
decubitus ulcer, recurrent stroke, and urinary system infection,
leading to poor outcomes[5]. Currently, the incidence of SAP
remains high. There have been multicentre, randomized trials
using antibiotics to prevent pneumonia. However, studies have
not yielded satisfactory results. Neither the preventive antibiotics
in stroke study (PASS)[8] nor the prophylactic antibiotics after
acute stroke for reducing pneumonia in patients with dysphagia
(STROKE-INF) study[9] provides evidence to support the use of
prophylactic antibiotics for reducing the incidence of pneumonia.
The possible cause could be the failure to identify patients at high
risk of SAP appropriately. Therefore, the imperative lies in dis-
covering effective indicators for early recognition and prevention
of SAP to improve acute stroke outcomes.

The evidence suggests that inflammation is indispensable in the
pathophysiology of stroke and integral in the occurrence and
progression of SAP[10]. In emergency settings, neutrophil-
to-lymphocyte ratio (NLR) is a cost-effective parameter that can
better predict bacteremia than conventional parameters such as
CRP levels and neutrophil counts[11]. NLR is associated with
COVID-19 disease progression[12]. Furthermore, studies have
reported that NLR showed a better predictive ability for pneu-
monia after stroke than the systemic inflammation response index
(SIRI)[4,13]. Inflammation is a dynamic process, and in clinical
practice, clinicians sometimes repeat examine inflammatory
markers to monitor patients’ disease conditions. However, the
association between follow-up inflammatory markers and SAP
was unclear. This study aimed to explore whether the follow-up
inflammatory composite markers NLR and SIRI are indepen-
dently associated with SAP and poor functional outcomes in ICH
patients.

Methods

Standard protocol approvals, registrations, and patient
consents

This study was authorized by our hospital’s Ethics Committee.
Due to the anonymity and retrospective nature of the data, the
written form of informed consent was waived. Moreover, the
work conformed to the STROCSS criteria[14], Supplemental
Digital Content 1, http://links.lww.com/JS9/C154 and the
STROBE case-control reporting guidelines[15]. Supplemental
Digital Content 2, http://links.lww.com/JS9/C155.

Study population

We retrospectively collected the data of patients diagnosed with
spontaneous ICH in our hospital from May 2017 to May 2019.
Patients underwent baseline and follow-up computed tomo-
graphy scans within 6 and 72 hours after symptoms onset were
included in this study. Exclusion criteria were as follows: (1)
secondary ICH caused by traumatic brain injury, aneurysm,
tumor, or arteriovenous malformation; (2) with severe hepatic or
renal dysfunction, hematological or metabolic diseases; (3) use of
immunosuppressants for more than three months; (4) diagnosed
with pneumonia or active infection or pyrexia within two weeks

before admission; (5) lack of determined primary endpoint. The
study was registered at the Chinese Clinical Trial Registry (www.
chictr.org.cn). The workflow process of our study is shown in
Supplemental Figure 3, Supplemental Digital Content 3, http://
links.lww.com/JS9/C156. The details of the sample size calcula-
tion are shown in Supplemental Digital Content 1, http://links.
lww.com/JS9/C156.

Data collection

The whole blood counts (including neutrophils, monocytes, and
lymphocytes) were collected at admission, and follow-up blood
counts were recorded within seven days after admission (the vast
majority within 2-4 d). Previous studies have shown that the peak
of inflammation markers occurs in three days after ICH[16,17].
The detailed data collected from the electronic medical record
system were as follows: (1) demographic data (sex and age); (2)
medical history (hypertension, diabetes, and previous history of
stroke); (3) initial clinical data (nasogastric tube feeding,
mechanical ventilation, neurosurgery, GCS scores, Braden scores,
and ADL-MBI scores[18]. We gathered nasogastric tube feeding
information to evaluate dysphagia since individuals with dys-
phagia generally require such interventions[19]); (4) imaging fea-
tures (baseline and follow-up hematoma volume, hematoma
expansion, and the presence of IVH. We used the ‘level tracing’
and ‘draw’ functions of three dimensional Slicer software to
measure the baseline and follow-up volume of the hematoma[20]);
and (5) other laboratory examination variables (blood glucose,
albumin, PT, and APTT). Composite indices NLR and SIRI were
calculated using the formula NLR= neutrophil count/lympho-
cyte count and SIRI= (neutrophil count×monocyte count)/
lymphocyte count.

Study outcomes

The primary endpoint was stroke-associated pneumonia. SAP
was the recommended term for lower respiratory tract infections
within 7 days after stroke. According to the 2015 consensus[21],
SAP diagnoses were based on intracerebral hemorrhage in com-
bination with the clinical manifestations of pneumonia (fever,
cough, and dyspnea), positive chest computed tomography scans,
and positive laboratory examinations. They were confirmed
through records of antibiotic use during hospitalization. The
secondary outcomes were the length of hospitalization and
functional outcomes. We used the mRS score and ADL-MBI
score to assess the functional outcomes of the ICH patients.
Patients with an mRS score of 0–2 or an ADL-MBI score of more
than 61 were classified as having good functional outcomes,
whereas those with an mRS score of 3–6 or an ADL-MBI score of
0-60 were considered to have poor functional outcomes[22,23].

HIGHLIGHTS

• Follow-up NLR was associated with SAP and poor func-
tional outcomes of intracerebral hemorrhage patients.

• Baseline NLR was independently associated with SAP in
the nasogastric feeding group.

• Follow-up NLR was independently associated with SAP in
non-nasogastric feeding group.
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Statistical analysis

We classified patients into the SAP group and the non-SAP group.
Continuous variables were demonstrated as means ± standard
deviation (SD) or medians (interquartile range, [IQR]).
Categorical variables were presented as counts (with percen-
tages). Global burden of disease data reveals that a quarter of the
disease burden is shouldered by people aged 60 and above[24].
Furthermore, considering binary values were more accessible to
implement in clinical practice than continuous values, we
dichotomized the specific ages into advanced and non-advanced
ages. In addition, the Chi-square test was used to assess correla-
tions and differences between categorical variables. For con-
tinuous variables, we compared intergroup differences using the
Mann-Whitney U test or Student t-test as appropriate. The
method of missing values handling is shown in Supplemental
Digital Content 2, http://links.lww.com/JS9/C156.

Regarding whether inflammatory indicators were genuinely
related to SAP, we divided the variables into three categories in
chronological order[25]. Then, we gradually introduced one, two,
and three sets of variables to correct for the association between
inflammatory indicators and SAP[26]. Afterward, inflammatory
and clinical variables with P values less than 0.05 were further
analyzed in multicollinearity analysis. We detected the multi-
collinearity through variance inflation factor (VIF) less than 5 or
tolerance greater than 0.1[27]. After excluding multicollinearity
between variables, all factors were included in a multivariable
logistic regression model to identify independent predictors of
SAP. We plotted the receiver operating characteristic (ROC)
curves to evaluate the predictive performance of models. The
DeLong test was used to compare the AUC differences between
different models. We constructed the dynamic nomogram to
visualize the final predictive model.

Statistical analyses were performed with SPSS (version 27), R
(version 4.2.2), andMedCalc (version 20.0). A two-tailed P value
of less than 0.05 was considered statistically significant.

Results

Comparison of clinical characteristics

A total of 451 patients were included in this study. Table 1 shows
that 127 (28.16%) ICH patients developed SAP, of which 90
(70.90%) were male. In the SAP group, the number of patients
with advanced age (aged ≥ 60) was 76 (59.80%), while in the
non-SAP group, the number of patients with advanced age was
126 (38.90%) (P< 0.001). The number of patients who under-
went nasogastric tube feeding was 78 (61.90%) and 81 (25.00%)
in the SAP and non-SAP group, respectively (P< 0.001). The
median of Braden and ADL-MBI scores at admission in the SAP
group were 14.00 (13.00–16.00) and 10.00 (0.00–20.00),
respectively. Patients with SAP showed significantly lower
admission Braden scores and ADL-MBI scores (all P<0.001),
and a higher percentage with a history of stroke (P=0.047) than
those without SAP. In terms of imaging features, the patients with
SAP had a larger median baseline hematoma volume [17.84
(9.18, 28.06) vs. 12.80 (6.94, 24.38), P= 0.003] and a higher
proportion of IVH [58 (45.70%) vs. 104 (32.10%), P=0.007].
Compared to the non-SAP group, the SAP group had a more
extended hospital stay [18.00 (14.00, 28.00) days vs. 15.00
(12.00, 21.75) days; P<0.001]. There was no significant

Table 1
Comparisons of clinical characteristics between stroke-
associated pneumonia (SAP) and non-SAP groups.

Characteristics
SAP (N= 127)

[n (%)]
Non-SAP (N= 324)

[n (%)] P

Demographic
Age (years) < 0.001

< 60 51 (40.20) 198 (61.10)
≥ 60 76 (59.80) 126 (38.90)

Male 90 (70.90) 208 (64.20) 0.179
Medical history
Smokinga 47 (37.30) 96 (29.60) 0.117
Alcohol consumptiona 48 (38.10) 100 (30.90) 0.143
Hypertensiona 90 (71.40) 243 (75.00) 0.438
Diabetes mellitusa 17 (13.50) 51 (15.70) 0.550
Previous stroke 17 (13.40) 24 (7.40) 0.047

Admission clinical status
Nasogastric tube
feedinga

78 (61.90) 81 (25.00) < 0.001

Mechanical ventilationa 25 (19.80) 54 (16.70) 0.427
Neurosurgerya 14 (11.10) 42 (13.00) 0.593

Admission measurements
SBP, mmHgb 159.40± 23.49 156.84± 23.92 0.309
DBP, mmHgb 90.00

(79.25,101.00)
89.00 (80.00,100.00) 0.664

Admission GCS scorec < 0.001
3–4 7 (5.60) 11 (3.40)
5–12 62 (49.20) 72 (22.50)
13–15 57 (45.20) 237 (74.10)

Admission Braden scorea 14.00 (13.00,16.00) 16.00 (14.00,17.00) < 0.001
Admission ADL-MBI
scored

10.00 (0.00,20.00) 25.00 (10.00,40.00) < 0.001

Imaging features
Location of ICH 0.775

Deep 101 (79.50) 253 (78.10)
Lobe 11 (8.70) 25 (7.70)
Infratentorial 15 (11.80) 46 (14.20)

Baseline hematoma
volume, ml

17.84 (9.18,28.06) 12.80 (6.94,24.38) 0.003

Follow-up hematoma
volume, ml

20.39 (9.26,34.32) 13.69 (7.19,25.84) < 0.001

Hematoma expansion 31 (24.40) 54 (16.70) 0.059
Presence of IVH 58 (45.70) 104 (32.10) 0.007
Time from onset to initial
CT, h

3.50 (2.00,4.50) 3.00 (2.00,4.00) 0.035

Time from onset to
follow-up CTa, h

20.00 (12.88,28.00) 21.00 (12.50,29.00) 0.537

Laboratory testing, median [IQR]
Leucocyte count, ×109/L 9.92 (7.97,12.31) 8.52 (6.65,10.82) < 0.001
Platelet counte, × 109/L 196.50

(172.75,230.25)
206.00

(167.00,249.75)
0.223

Neutrophil countf,× 109/L 7.97 (5.92,10.30) 6.50 (4.39,9.30) < 0.001
Monocyte countf, ×109/L 0.47 (0.35,0.61) 0.45 (0.33,0.60) 0.354
Lymphocyte countf,
× 109/L

1.01 (0.74,1.47) 1.29 (0.92,1.81) < 0.001

Follow-up neutrophil
countg, × 109/L

7.96 (6.40,10.88) 6.27 (4.95,8.76) < 0.001

Follow-up monocyte
countg, × 109/L

0.64 (0.46,0.84) 0.58 (0.46,0.80) 0.332

Follow-up lymphocyte
countg, × 109/L

0.98 (0.71,1.37) 1.23 (0.94,1.58) < 0.001

Baseline NLRf 7.62 (4.19,12.89) 5.03 (2.76,9.21) < 0.001
Baseline SIRIf 3.33 (1.84,5.82) 2.18 (1.11,4.24) < 0.001
Follow-up NLRg 8.21 (5.83,12.29) 5.23 (3.30,8.49) < 0.001
Follow-up SIRIg 5.05 (3.04,9.00) 3.03 (1.73,5.50) < 0.001
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difference in the history of hypertension and diabetes mellitus
between the SAP and non-SAP groups.

Univariate analysis of inflammatory indexes and SAP

The comparison of combined inflammatory indicators between
SAP and non-SAP groups is listed in Table 1 and Supplementary
Figure 1, Supplemental Digital Content 3, http://links.lww.com/
JS9/C156. The baseline NLR and SIRI of the SAP group were
significantly higher than those of the non-SAP group [7.62
(4.19,12.89) vs. 5.03 (2.76,9.21), P<0.001; 3.33 (1.84, 5.82) vs.
2.18 (1.11, 4.24), P<0.001]. Moreover, the follow-up NLR and
SIRI of the SAP group were also higher than those of the non-SAP
group [8.21 (5.83,12.29) vs. 5.23 (3.30, 8.49), P<0.001; 5.05
(3.04, 9.00) vs. 3.03 (1.73, 5.50), P<0.001]. As shown in

Tables 2 and 3, we gradually introduced three sets of variables
and developed four models. The three sets of variables were
categorized according to different collection orders, including the
first set (demographics and medical conditions), the second set
(admission clinical status and admission measurements), and the
third set (imaging features and blood results).

Multivariate logistic regression of risk factors for SAP

Regarding whether inflammatory indicators were genuinely
related to SAP, we gradually introduced one, two, and three sets
of variables in chronological order (Table 3). After adjusting for
confounders, logistic regression analysis revealed that elevated
baseline NLR [OR, 1.038 (95% CI, 1.000–1.077); P=0.049]
and follow-up NLR [OR, 1.051 (95% CI, 1.008–1.097);
P= 0.020] during the hospitalization were still associated with
SAP. As shown in Table 3, there was no significant difference in
baseline SIRI and follow-up SIRI between the SAP and non-SAP
groups after introducing the second and third sets of variables.
Multicollinearity was not observed between the independent
predictors and SAP (VIF for all<5). Subsequently, the clinical
predictors with univariate analysis P less than 0.05, such as
advanced age (≥ 60), previous stroke, nasogastric tube feeding,
baseline ADL-MBI score, the presence of IVH, and potential
inflammatory indicators related to SAP, were separately included
with ‘backward: LR’method to perform logistic regression. After
collinearity analysis, statistically significant clinical and inflam-
matory indicators were subjected to multivariate logistic regres-
sion. Eventually, the results showed that independent risk factors
of SAP were baseline NLR [OR, 1.039 (95% CI, 1.003–1.077);
P= 0.036], follow-up NLR [OR, 1.054 (95% CI, 1.011–1.098);
P= 0.012]. Notably, after adjustments, the independent asso-
ciation between advanced age [OR, 2.223 (95% CI,
1.364–3.622); P=0.001], nasogastric tube feeding [OR, 3.441
(95% CI: 2.106–5.623); P<0.001] and SAP still existed
(Table 4).

To evaluate the additional predictive value of follow-up NLR,
we constructed twomodels namedmodel 1 andmodel 2.Model 1
contained baseline NLR, nasogastric tube feeding, and advanced
age. Model 2 contained baseline NLR, follow-up NLR, naso-
gastric tube feeding, and advanced age.

The ROC curves and dynamic nomogram of SAP

The ROC curves of the models are shown in Fig. 1. The AUC,
sensitivity, and specificity of the follow-upNLRwere 0.702 (95%
CI, 0.657–0.744), 67.5%, and 67.4%, respectively, indicating
good SAP predictive power. As for baselineNLR, the optimal cut-
off value of baseline NLR for identifying SAP was 5.55, which
yielded a sensitivity of 64.9%, a specificity of 56.7%, and an
AUC of 0.628 (Supplementary Table 1, Supplemental Digital
Content 3, http://links.lww.com/JS9/C156). Model 2 showed
better SAP predictive power thanModel 1 (AUC, 0.769 vs. 0.740;
P= 0.020). Model 2 yielded a sensitivity of 77.1% and a speci-
ficity of 67.6%. As model 2 presented the best predictive per-
formance, we used it as the final predictive model and constructed
an online dynamic nomogram to visualize it (Fig. 2 and https://
pneumonia.shinyapps.io/SAPapp/).

Table 1

(Continued)

Characteristics
SAP (N= 127)

[n (%)]
Non-SAP (N= 324)

[n (%)] P

Glucose levelh, mmol/ml 7.20 (6.10,9.30) 7.15 (6.10,8.60) 0.509
Albumini, g/L 39.75 (35.65,43.10) 40.10 (37.00,42.90) 0.372
PTa, s 13.10 (12.50,13.90) 12.90 (12.50,13.50) 0.077
APTTa, s 34.25 (31.18,37.83) 33.50 (31.13,36.50) 0.147

Outcome, median [IQR]
Hospitalization time, day 18.00 (14.00,28.00) 15.00 (12.00,21.75) < 0.001
mRS score at dischargeg < 0.001

0–2 18 (14.80) 99 (30.90)
3–6 104 (85.20) 221 (69.10)

ADL-MBI score at
dischargej

15.00 (0.00,35.00) 35.00 (21.00,50.00) < 0.001

Bold text values represent P values less than 0.05.
a1/451(0.22%) missing values.
b8/451(1.77%) missing values.
c5/451(1.11%) missing values.
d4/451(0.89%) missing values.
e25/451(5.54%) missing values.
f30/451(6.65%) missing values.
g9/451(2.00%) missing values.
h3/451(0.67%) missing values.
i16/451(3.55%) missing values.
j2/451(0.44%) missing values.
Abbreviations: ADL, activities of daily living; APTT, activated partial thromboplastin time and mRS,
modified Rankin Scale; CT, computed tomography; DBP, diastolic blood pressure; GCS, Glasgow
Coma Scale; ICH, intracerebral hemorrhage; IVH, intraventricular hemorrhage; MBI, modified Barthel
index; NLR, neutrophil to lymphocyte ratio; PT, prothrombin time; SAP, stroke-associated pneumonia;
SBP, systolic blood pressure; SIRI, systemic inflammation response index.

Table 2
The variables were divided into three groups based on the
acquisition time.

First Second Third

Demographic Admission clinical status Imaging features
Age Nasogastric tube feeding Baseline hematoma volume
Male Mechanical ventilation Follow-up ICH volume

Neurosurgery Hematoma expansion
Medical conditions Presence of IVH
Smoking Admission measurements
Alcohol consumption SBP Blood results
Hypertension DBP Glucose
Diabetes GCS score Albumin
Previous stroke Braden score

ADL-MBI score
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The relationship between NLR and SAP in patients with and
without nasogastric tube feeding

After stratifying the patients according to the exposure to naso-
gastric tube feeding, we found that in the nasogastric tube feeding
group, elevated baseline NLR [OR, 1.062 (95% CI,
1.007–1.120); P=0.026] was a significant risk factor for SAP,
while follow-up NLR (P= 0.523) was not significantly associated
with SAP (Supplementary Table 2, Supplemental Digital Content
3, http://links.lww.com/JS9/C156). In contrast, in the non-naso-
gastric tube feeding group, elevated follow-up NLR [OR; 1.080
(95% CI, 1.024–1.139); P=0.005] was associated with an
increased risk of SAP, while baseline NLR (P=0.495) did not
remain significantly associated with SAP.

Association between inflammatory indexes and functional
outcomes

Based on mRS and ADL-MBI scores at discharge, we divided
patients into subgroups with good or poor functional outcomes
and compared the inflammatory index between the two groups.

As shown in Supplementary Table 3, Supplemental Digital
Content 3, http://links.lww.com/JS9/C156, patients in the poor
functional outcomes group had a significantly higher follow-up
NLR than those in the good functional group [6.35 (4.04,10.05)
vs. 4.05 (2.74, 7.22), P<0.001]. Univariate analysis clinical
predictors with P<0.05 were subjected to multivariate logistic
regression using the “backward: LR” method. Subsequently, as
shown in Supplementary Table 4, Supplemental Digital Content
3, http://links.lww.com/JS9/C156, no statistically significant
association was identified between follow-up SIRI (P=0.110)
and baseline NLR (P=0.085) for the functional outcomes.

Follow-up NLR was an independent risk factor for poor
functional outcomes (nomatter usingmRS or ADL-MBI criteria).
As presented in Supplementary Figure 2, Supplemental Digital
Content 3, http://links.lww.com/JS9/C156, the AUC of follow-up
NLR for SAP prediction was 0.683 in mRS criterion and 0.665 in
the ADL-MBI criterion, respectively. Of note, no matter which
prognostic measurement was used, there was an independent
association between follow-up NLR and functional outcomes.

Table 3
The association of baseline and follow-up neutrophil to lymphocyte ratio (NLR), systemic inflammation response index (SIRI) with stroke-
associated pneumonia (SAP).

The Association of Baseline and follow-up NLR, SIRI with SAP; Odds Ratio (95% CI)

Groups of variables in model Baseline NLR Baseline SIRI Follow-up NLR Follow-up SIRI

Univariate 1.067 (1.034–1.102) 1.110 (1.049–1.175) 1.086 (1.049–1.124) 1.036 (1.004–1.069)
Firsta 1.058 (1.024–1.094) 1.081 (1.018–1.148) 1.089 (1.050–1.130) 1.032 (1.000–1.064)
First and secondb 1.037 (1.001–1.074) 1.047 (0.982–1.117) 1.058 (1.016–1.102) 1.005 (0.976–1.036)
First, second and thirdc 1.038 (1.000–1.077) 1.048 (0.980–1.119) 1.051 (1.008–1.097) 1.001 (0.969–1.035)

Bold text values represent P values less than 0.05.
aAdjusted for age, sex, smoking, drinking, hypertension, diabetes, and stroke history;
bAdditionally adjusted for nasogastric tube feeding, mechanical ventilation, neurosurgery, SBP, DBP, GCS score, Braden score, ADL-MBI score;
cAdditionally adjusted for baseline and follow-up hematoma volume, hematoma expansion, IVH, glucose, and albumin.

Table 4
Univariate andmultivariate analyses of the potential inflammatory and clinical predictors related to stroke-associated pneumonia (SAP) in
cerebral hemorrhage patients.

Univariate analysis Multivariate logistics regressiona (Stepwise) Multivariate logistics regressionb (Stepwise)

Variable P OR (95% CI) P OR (95% CI) P

Inflammatory indicators
Baseline NLR < 0.001 1.054 (1.018,1.092) 0.003 1.039 (1.003,1.077) 0.036
Baseline SIRI < 0.001 — 0.327 — —

Follow-up NLR < 0.001 1.067 (1.028,1.108) < 0.001 1.054 (1.011,1.098) 0.012
Follow-up SIRI < 0.001 — 0.732 — —

Clinical characteristics
Age(years)< 60 vs.≥ 60 < 0.001 2.012 (1.275,3.176) 0.003 2.223 (1.364,3.622) 0.001
Previous stroke 0.047 — 0.265 — —

Nasogastric tube feeding < 0.001 3.344 (1.977,5.657) < 0.001 3.441 (2.106,5.623) < 0.001
Admission GCS score < 0.001 — 0.211 — —

Admission Braden score < 0.001 — 0.410 — —

Admission ADL-MBI score < 0.001 0.982 (0.967,0.998) 0.031 — 0.248
Time from onset to initial CT, h 0.035 — 0.168 — —

Baseline hematoma volume, ml 0.003 — 0.616 — —

Follow-up hematoma volume, ml < 0.001 — 0.359 — —

Presence of IVH 0.007 1.486 (0.929,2.375) 0.098 — —

Bold text values represent P values less than 0.05.
aMultivariable logistic regression (backward) was performed separately for inflammatory factors and clinical indicators.
bInflammatory and clinical indicators with P less than 0.05 were combined for multivariate logistic regression.
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Discussion

In this study, we examined the association between NLR, SIRI
(baseline and follow-up), and SAP and also explored the rela-
tionship between inflammatory indicators and poor functional
outcomes. Baseline NLR and follow-up NLR levels were sig-
nificantly higher in patients with SAP.Moreover, it was presented
that in the non-nasogastric feeding group, follow-up NLR was

significantly associated with SAP, while a significant association
was observed between baseline NLR and SAP in the nasogastric
feeding group. In addition, patients with elevated follow-up NLR
were inclined to experience poor functional outcomes at dis-
charge. Finally, we developed a dynamic nomogram to identify
the individual risk of SAP.

Our research results were in keeping with the previous analysis
of stroke-associated pneumonia. The incidence of SAP was about
28.2%[28]. ICH patients with advanced age, more severe neuro-
logical impairment at admission, underwent nasogastric tube
feeding, and higher NLR values were more likely to encounter
SAP[29–31]. Several easy-to-use scales, such as the A2DS2[32], AIS-
APS[33], PANTHERIS[34], and the ISAN scores[35], have been
previously recognized as promising tools for predicting SAP in
routine clinical practice. There was also a prediction model based
on deep learning[36]. Nevertheless, antibiotics are not recom-
mended to prevent poststroke pneumonia in patients with
dysphagia[9]. Preventive use of antibiotics does not affect func-
tional outcomes or mortality, and no preventive effect on pneu-
monia has been found in either hemorrhagic or ischemic stroke
patients[37]. This phenomenon may be explained by the fact that
patients with varying risks of pneumonia received the same pre-
ventive antibiotics without finding suitable indicators to screen
ICH patients prone to developing SAP.

To our knowledge, similar studies concerning follow-up
inflammatory indicators are scarce, and our study examined the
relationship between follow-up NLR, SIRI, and SAP. After
adjusting for confounders, we found that both baseline NLR and

Figure 2. Online dynamic nomogram accessible at https://pneumonia.shinyapps.io/SAPapp/. A. Established nomogram for the prediction of SAP. The user can
input patient information like advanced age (age≥60), NGT (nasogastric tube feeding), bNLR (baseline NLR), and fNLR (follow-up NLR) in this interface. B.
Depicting an example of an 81-year-old (advanced age) male who underwent nasogastric tube feeding with a baseline NLR of 12 and a follow-up NLR of 13. The
patient yielded a risk of SAP 0.633 with a 95% CI: 0.525–0.730, and on the sixth day from ICH onset, he was diagnosed with SAP. C. Numerical summary shows
the actual values of SAP probability and 95% confidence intervals.

Figure 1.Receiver operator curves of baseline NLR, follow-up NLR, and clinical
indicators for predicting SAP.
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follow-up NLR were independently associated with SAP.
Interestingly, the follow-up NLR was also associated with a
higher mRS score and lower ADL-MBI score at discharge.

Stroke activates the autonomic nervous system and the stress axis,
disrupting the balance between the immune and the central nervous
systems, leading to secondary immunodeficiency, significantly
increasing the chance of infections, and stroke-associated pneumonia
(SAP)[38,39]. The inflammatory response after stroke is a defense
mechanism against infection. However, it may also lead to neuro-
logical sequelae, as infections occurring after stroke complicate up to
one-third of conditions and are strongly associated with the poor
outcomes of stroke patients[40,41]. NLR integrates information from
the innate and adaptive immune systems and is a rapid and
straightforward parameter reflecting systemic inflammation and
stress response in critically ill patients. Previous studies[42,43],
including a meta-analysis of 6302 stroke patients, have shown that
elevated NLR, SIRI, MLR, and PLR are associated with SAP and
may be valuable and valid biomarkers to help predict SAP. TheNLR
can not only predict pneumonia and delirium after stroke[44] but also
the poor functional outcomes of aneurysmal subarachnoid
hemorrhage[45]. According to the above reasons, it is not difficult to
understand that elevated NLR is highly associated with SAP and
poor functional outcomes.

Furthermore, this study confirmed that Model 2, which
incorporated baseline NLR, follow-up NLR, advanced age, and
nasogastric tube feeding, exhibited a higher AUC and possessed
better predictive power for SAP than Model 1. Why is the ele-
vated follow-up NLR associated with SAP and poor functional
outcomes? One possible explanation is that inflammation is a
dynamic process[46], and monitoring the follow-up level of
inflammatory indicators may accurately reflect the body’s
inflammatory and immunologic status[47]. Another possible rea-
son could be that follow-up NLR reflects the effectiveness of
treatment during hospitalization[48]. Based on the level of follow-
up results, clinicians might consider the presence of infection-
related complications associated with ICH and select suitable
treatment measures timely.

Moreover, we categorized the patients into two groups based
on whether they received nasogastric feeding. In the nasogastric
tube feeding group, the significant association between elevated
baseline NLR and SAP may be due to mechanical irritation,
which could trigger inflammatory responses that affect the
patient’s immune system and weaken resistance to infection.
However, in the non-nasogastric feeding group, inflammation
response may be primarily caused by the ICH. Elevated NLR
levels during the follow-up period may indicate that patients with
impaired immune systems failed to respond effectively to
inflammation[47], thereby increasing the risk of SAP. These results
might suggest that inflammatory markers at different stages may
be suitable for patients with different treatments, potentially
providing them with tailored guidance.

We selected patients in the pre-COVID-19 pandemic years
(2017–2019) to exclude viral pneumonia as much as possible
because of the similarity and difficulty in differentiating the
clinical presentation of COVID-19 from SAP. Last but not least,
the elevated follow-up NLR had good performance in identifying
SAP, and compared to other indicators, the measurement method
was more straightforward, cheaper, and easier to accept, such as
the ability to collect blood even when the patient is unconscious.
We established a model to predict SAP and turned it into a user-

friendly online dynamic nomogram accessible at https://pneumo
nia.shinyapps.io/SAPapp/. It might help evaluate the risk of SAP.

The current study has some limitations. Firstly, it is essential to
acknowledge that this study is limited by its observational and
retrospective design nature. We cannot guarantee that the
laboratory examination results were observed before the initial
onset of the SAP, which is a source of bias. However, this reflects
real-world practice and could also be taken as evidence for the
generalizability of our findings. Most of the follow-up blood
samples were collected within 2–4 days, and the peak incidence of
pneumonia was the third day after stroke, with a median onset
time of the fourth day, making the first four days after stroke the
optimal time to evaluate pneumonia prevention strategies[49].
Secondly, this was a single-center study conducted at a large
tertiary hospital in Southern Zhejiang, and the findings might
have limited generalizability in all hospitals in China that care for
ICH patients, including smaller community hospitals. Thirdly,
we have explored the short-term functional outcomes between
baseline and follow-up NLR and SIRI. The association between
follow-up NLR and the medium- or long-term functional out-
comes remains unknown. Hence, we urge caution in interpreting
our findings, and future prospective and multicenter research is
needed to explore the association between inflammatory indica-
tors and medium- or long-term functional outcomes.

Conclusion

We found that elevated baseline and follow-up NLR were sig-
nificantly associated with SAP and poor functional outcomes in
ICH patients. Moreover, we established a dynamic nomogram to
identify the individual risk of SAP. Subgroup analysis of the non-
nasogastric feeding group demonstrated a significant association
between follow-up NLR and SAP, while in the nasogastric feed-
ing group, baseline NLR exhibited a significant association with
SAP. Follow-up NLR is a readily available and cost-effective
serum biomarker that may assist in discovering SAP or mon-
itoring short-term functional outcomes in ICH patients. This
finding may serve as a reminder that patients receiving different
treatments may require monitoring of inflammatory biomarkers
at different stages to evaluate disease progression. Thus, it is
crucial for clinicians to regularly monitor the trends of inflam-
matory indicators in patients to determine the direction of the
disease progression and make timely decisions.
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