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Background and Aim: Pneumonia is a significant complication that negatively impacts outcomes in patients with intracerebral
hemorrhage (ICH). Identifying reliable biomarkers for predicting such infections is crucial for timely intervention and improving
patient management. This study aims to evaluate the predictive value of neutrophil-to-albumin Ratio (NAR)for pneumonia in patients
undergoing surgical intervention for ICH.

Methods: This was a retrospective multicenter cohort study conducted at four tertiary hospitals. A total of 8016 patients diagnosed
with spontaneous intracerebral hemorrhage (ICH) between were included. The neutrophil-to-albumin ratio (NAR) was calculated
within 24 hours of admission. Logistic regression models, receiver operating characteristic (ROC) curves, and reclassification metrics
(C-index, IDI, ¢cNRI) were used to evaluate the association between NAR and the risk of pneumonia. The primary outcome was
pneumonia.

Results: A total of 8016 ICH patients were included in this study. Among them, 3921 patients (48.9%) had pneumonia. There was an
association between NAR levels and pneumonia (OR = 1.81, 95% CI: 1.69-1.94, p < 0.001). After adjustment, the results remained
significant (adjusted OR = 1.62, 95% CI: 1.51-1.75, p < 0.001). Compared to patients in the Low Group (NAR < 0.21), those in the
High Group (NAR > 0.21) had a higher long-term mortality risk (OR = 2.95, 95% CI: 2.68-3.24, p < 0.001; adjusted OR = 1.99, 95%
CI: 1.79-2.21, p < 0.001). Additionally, the predictive performance of NAR for pneumonia was also significant (area under the ROC
curve [95% CI] 0.663 [0.651-0.675]; p < 0.001).

Conclusion: Higher NAR is independently associated with pneumonia in patients with ICH. The early prediction of pneumonia using
the simple biomarker NAR is feasible.
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Introduction

Intracerebral hemorrhage (ICH) remains one of the most devastating types of strokes, characterized by high morbidity
and mortality rates.' > Pneumonia are a common complication in patients with ICH, contributing significantly to poor
outcomes, prolonged hospital stays, and increased healthcare costs.* ® Stroke-associated pneumonia (SAP) is a common
and serious complication following intracerebral hemorrhage, arising due to a combination of stroke-induced immuno-
suppression, impaired consciousness, dysphagia, and reduced airway protective reflexes.” Several clinical trials have
assessed the use of antibiotics to prevent pneumonia following a stroke; however, the results from these trials
demonstrate that antibiotic prophylaxis is ineffective in preventing pneumonia.®'' Identifying reliable biomarkers to
predict the risk of infection is therefore crucial to enhance clinical decision-making and improve patient management.
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The development of SAP significantly worsens patient outcomes, leading to increased morbidity, prolonged hospi-
talization, higher healthcare costs, and elevated mortality rates. Early identification of patients at risk for SAP is crucial
for timely preventive interventions. Biomarkers reflecting systemic inflammation and nutritional status, such as the
Neutrophil-to-Albumin Ratio (NAR), offer promising tools for improving early risk stratification and guiding clinical
decision-making.

Systemic inflammatory responses following a hemorrhagic event are associated with an increased risk of various
complications, including infections.'* ' Numerous studies have suggested that inflammation-based biomarkers, such as
the neutrophil-to-lymphocyte ratio (NLR),'® platelet-to-lymphocyte ratio (PLR),'® platelet to albumin ratio (PAR),'" and
neutrophil percentage to albumin ratio (NPAR),'” can serve as effective predictors of outcomes in ICH patients.

The Neutrophil-to-Albumin Ratio (NAR) is an emerging inflammatory marker that combines changes in neutrophil and
albumin levels, reflecting the body’s immune-inflammatory status and nutritional condition.'® NAR was initially discovered to
be closely related to the level of inflammation and disease prognosis in cardiovascular diseases. Currently, its application has
expanded to other fields such as cancer, critical illness, and more. 19722 However, it remains unclear whether the NAR can serve
as an inflammatory biomarker to predict pneumonia in ICH patients. Our study aims to determine whether the NAR is
associated with pneumonia in patients with ICH and compare it with other inflammatory biomarkers.

Methods

Study Design

This study was a retrospective, multicenter cohort analysis investigating the association between the Neutrophil-to-
Albumin Ratio (NAR) and pneumonia in patients with ICH. A total of 8016 patients diagnosed with spontaneous ICH
were included from four hospitals: West China Hospital of Sichuan University (January 2011-July 2019), The First
People’s Hospital of Longquanyi District Chengdu (January 2017—October 2020), the Affiliated Hospital of Chengdu
University (August 2012-November 2020) and Shanxi Provincial People’s Hospital (July 2014—November 2021). This
study adhered to the STROBE guidelines and complied with the principles of the Declaration of Helsinki. Ethical
approvals were obtained from the respective institutional review boards of all four hospitals, and informed consent was
waived due to the study’s retrospective nature.

Patient Selection

Patients were included if they were aged 18 years or older and diagnosed with spontaneous ICH confirmed by computed
tomography (CT), magnetic resonance imaging (MRI), or neurosurgical diagnosis during hospitalization. Exclusion
criteria included: (1) ischemic stroke with hemorrhagic transformation, trauma, cerebral aneurysm, arteriovenous
malformations, or coagulation-related hemorrhagic disorders; (2) evidence of infection or hospital-acquired infection
before admission; (3) missing NAR data or albumin/neutrophil counts not measured within 24 hours of admission.

Exposure

The primary exposure of this study was NAR, which was calculated as the ratio of the neutrophil count to serum albumin
levels. Peripheral blood samples were taken, and serum neutrophil and albumin levels were evaluated at the time of
admission. Serum albumin concentrations were measured using the Beckman Coulter AU5800 automated biochemical
analyzer based on the bromocresol green method. Complete blood counts, including neutrophil counts, were obtained
using the Sysmex XN-9000 automated hematology analyzer. We used NAR to compare with other inflammatory markers,
including NPAR, NLR, PLR, and PAR, to assess their predictive power. The NAR values were categorized into two
groups based on the Youden index: Low group (<0.21) and High group (>0.21).

Clinical Assessment

The following data were collected from the patients: demographic characteristics, anthropometric characteristics, medical
history data, clinical features, and imaging information, including the Glasgow Coma Scale (GCS, with a lower score
indicating a worse level of consciousness) score, infratentorial hematoma, hematoma size, intraventricular hematoma,
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hypertension, diabetes, smoking status, and alcohol consumption. Laboratory tests were performed within 24 hours of
admission, including routine blood tests. We calculated the NAR, NPAR, NLR, PLR and NAR according to the following
equations: NAR= neutrophil count/albumin, NPAR = neutrophil percentage/albumin, NLR = neutrophil count/lympho-
cyte count; PLR = platelet count/lymphocyte count; and PAR = platelet/albumin.

Outcome
The primary outcome was pneumonia. Pneumonia was defined as lower respiratory tract infections that satisfied the
Modified Centers for Disease Control and Prevention criteria, which also incorporated diagnostic alterations observed on

at least one chest x-ray or chest computed tomography.**

Statistical Analysis
All statistical analyses were performed using R software version 4.4.1 and R Studio.

Continuous variables, including age, hematoma volume, Glasgow Coma Scale (GCS), and laboratory data, were
summarized as means with standard deviations or medians with interquartile ranges and compared using Student’s #-test
or Mann—Whitney U-test, as appropriate. Categorical variables were presented as frequencies or percentages and
compared using the chi-square test or Fisher’s exact test.

We used restricted cubic spline (RCS) models to evaluate the potential nonlinear relationship between NAR and
pneumonia risk. Significant variables (p < 0.10) in univariate analyses were included in the multivariable logistic
regression models. NAR trends over time were displayed using trajectory plots.

As suggested by the TRIPOD statement, Harrell’s C-statistics (C-index) and integrated discrimination improvement
(IDI) were used to compare the ability of NAR and other inflammatory biomarkers to predict pneumonia.?**> The IDI is
computed by adding the proportion of patients whose probability is forecasted to increase to the proportion of non-
patients whose probability is predicted to decrease. The ¢cNRI is an index for comparing the classification ability of old
and novel models using the gold standard diagnosis. IDI and cNRI were used to assess whether the addition of NAR
improved the discrimination and classification of pneumonia risk compared to existing models. A higher IDI or cNRI
value indicates better model performance. According to the previous study,”® we defined risk ratio < 0.1 as low, 0.1-0.6
as moderate, and > 0.6 as high risk of pneumonia. We used the Receiver Operating Characteristic (ROC) curve and the
Area Under the ROC Curve (AUROC) to calculate the predictive value of NAR, NPAR, NLR, PLR, and PAR for
hospital-acquired infection.

Subgroup analyses explored heterogeneity in associations based on age, sex, smoking, alcohol use, hypertension,
diabetes, hematoma location, volume, intraventricular hemorrhage, GCS scores, and intracranial hematoma clearance.
Based on the best cutoff value of NAR (0.21), patients were divided into low and high groups. All factors were selected
based on clinical recommendations, previous studies, and the review of risk scores. All statistical analyses were
performed using R software (version 4.4.1), with P-values < 0.05 considered statistically significant. All p-values were

two-sided. Missing and infinite data were estimated using the median.

Result

Baseline Characteristics of the Cohort

A total of 8016 ICH patients were enrolled in this study (Figure 1). Table 1 presents the baseline characteristics of the
included patients. The mean age of the cohort was 58.22 + 14.48 years, with 3297 (41.1%) being female. Patients in the
high NAR group (> 0.21) were more likely to have a history of smoking (p = 0.002) and diabetes (p = 0.004).
Additionally, patients in the high NAR group tended to have larger hematoma volumes and lower Glasgow Coma
Scores (p < 0.001, both). Platelet counts, blood glucose levels, and neutrophil counts were also significantly higher in the
high NAR group compared to the low NAR group (p < 0.001). These differences in baseline characteristics suggest
a potential association between NAR and the severity of ICH in patients.
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12547 patients undergoing
Intracerebral Hemorrhage

—'l Excluding 569 pediatrics

Excluding 1586 patients who lacked neutrophil
count, glucose, albumin, lymphocyte count,
neutrophil percentage, or platelet

Excluding 2376 lack of NAR

8016 patients

High NAR
n=4870

Lower NAR
n=3146

Figure | Flow diagram for the selection of participants included in the present analysis.

Association Between NAR and Pneumonia
As shown in Figure 2, there was a significant and linear association between NAR levels and the risk of pneumonia (P for
nonlinearity <0.001). The adjusted odds ratio (OR) increased markedly with higher NAR values, indicating that elevated
NAR is associated with an increased risk of pneumonia in patients with ICH.

The results of the logistic regression analysis are shown in eTable 1. In the univariable analysis, factors including age,
diabetes, SBP, infratentorial hematoma, size of hematoma, intraventricular hematoma, GCS score, lymphocyte count,

Table | Baseline Characteristics of the Patients

Characteristics Neutrophil-to-Albumin Ratio P Miss Value
. (n, %)
Overall Low Group High Group
(n=8016) (n=3146) (n=4870)
Demographics
Age, years, mean (SD) 58.22 (14.48) 58.11 (14.49) 58.29 (14.47) 0.590
Female, n (%) 3297 (41.1) 1296 (41.2) 2001 (41.1) 0.943
Smoking, n (%) 0.002
Never 5186 (64.7) 2049 (65.1) 3137 (64.4)
Current 2309 (28.8) 860 (27.3) 1449 (29.8)
Ever 521 (6.5) 237 (7.5) 284 (5.8)
Alcohol, n (%) 2606 (32.5) 982 (31.2) 1624 (33.3) 0.049
Medical history, n (%)
Hypertension 5188 (64.7) 2147 (68.2) 3041 (62.4) <0.001
Diabetes 795 (9.9) 350 (11.1) 445 (9.1) 0.004 79 (0.99)
SBP 159.16 (31.60) 154.10 (28.57) 162.43 (33.00) | <0.001
Hematoma characteristics
Infratentorial hematoma, n (%) 1395 (17.4) 495 (15.7) 900 (18.5) 0.002
Size of hematoma, cm, mean (SD) 22.64 (27.34) 17.52 (23.00) 26.38 (29.57) <0.001 | 2641 (32.95)
Intraventricular hematoma, n (%) 1677 (20.9) 430 (13.7) 1247 (25.6) <0.001
Glasgow coma score, mean (SD) 10.65 (4.09) 12.53 (3.34) 9.42 (4.06) <0.001 157 (1.96)
(Continued)
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Table | (Continued).

Characteristics Neutrophil-to-Albumin Ratio P Miss Value
. (n, %)
Overall Low Group High Group
(n=8016) (n=3146) (n=4870)
Laboratory tests, mean (SD)
Platelet, 10°/L 164.34 (73.17) 161,08 (65.66) 166.44 (77.58) | <0.001
Lymphocyte count, 10%/L 1.14 (4.58) 1.22 (0.67) 1.09 (5.84) 0.219
Neutrophil percentage, % 71.23 (26.81) 74.50 (10.86) 69,11 (33,10) <0.001
Blood glucose, mmol/L 7.61 (3.23) 6.73 (2.59) 8.19 (3.47) <0.001 562 (7.01)
Neutrophil count, 10%/L 18.36 (24.90) 5.41 (1.74) 26.72 (28.99) <0.001
Albumin, g/L 37.42 (5.66) 39.08 (4.78) 36.34 (5.92) <0.001
NAR, mean (SD) 0.52 (0.73) 0.14 (0.04) 0.76 (0.86) <0.001
NPAR, mean (SD) 1.95 (0.83) 1.94 (0.39) 1.95 (1.02) 0.476
NLR, mean (SD) 23.29 (41.14) 6.09 (5.04) 34.40 (49.54) <0.001
PLR, mean (SD) 189.44 (133.41) 161.34 (100.56) 207.60 (148.07) | <0.001
PAR, mean (SD) 4.45 (2.10) 4.15 (1.75) 4.64 (2.27) <0.001

Abbreviations: SBP, systolic blood pressure; GCS, Glasgow Coma Scale; NA, not available.

neutrophil percentage, blood glucose, and albumin level were all significantly associated with NAR (p < 0.1). In the

multivariable logistic regression model, adjusted for age, smoking, diabetes, infratentorial hematoma, size of hematoma,

intraventricular hematoma, and GCS score.

Adjusted OR (95% Cl)

=)

As shown in Table 2, higher NAR levels were significantly associated with an increased risk of pneumonia (adjusted
OR=1.62, 95% CI: 1.51-1.75, p < 0.001), indicating that elevated NAR is an independent risk factor for pneumonia
among ICH patients. A total of 8016 patients were included in the final cohort. 3921 patients (48.9%) developed

20

0.5

Restricted Cubic Spline Analysis

P-Nonlinear = 0

0.2

0'4
NAR
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Figure 2 The Restricted Cubic Spline Depicting the Odds Ratio of Neutrophil-to-Albumin Ratio and hospital infection among Patients with Intracerebral Hemorrhage.
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Table 2 The Association Between Neutrophil-to-Albumin Ratio and Pneumonia Using Logistic Regression

Characters Events/Total, n (%) OR P Adjusted OR P
Continuous 3921/8016 (48.9%) 1.81 (1.69-1.94) | <0.001 1.62 (1.51-1.75) | <0.001
Best cutoff

Low Group (NAR<0.21) 1038/3146 (33%) | [Reference] | [Reference]

High Group (NAR>0.21) 2883/4870 (59.2%) 2.95 (2.68-3.24) | <0.001 1.99 (1.79-2.21) | <0.001
Quartile

QI (NAR<O0.16) 570/2004 (28.4%) | [Reference] | [Reference]

Q2 (0.16<NAR<0.24) 911/2004 (45.5%) 2.10 (1.84-2.39) | <0.001 .41 (1.19-1.67) | <0.001

Q3 (0.24sNAR<0.37) 1162/2004 (58%) 3.47 (3.04-3.96) | <0.001 1.77 (1.48-2.11) | <0.001

Q4 (0.37=NAR<4.46) 1278/2004 (63.8%) 4.43 (3.88-5.06) | <0.001 | 2.51 (2.09-3.01) | <0.00l

Note: The model was adjusted for age, sex, alcohol, diabetes, systolic blood pressure, Glasgow Coma Scale score, hematoma location,
hematoma volume, and intraventricular hematoma.

pneumonia, while 4095 patients (51.1%) did not. Using the best cutoff value of NAR at 0.21, patients were categorized
into low (NAR < 0.21) and high (NAR > 0.21) groups. Compared to the low NAR group, patients in the high NAR group
had a significantly increased risk of pneumonia (adjusted OR=1.99, 95% CI: 1.79-2.21, p < 0.001). In the quartile
analysis, a positive dose-response relationship was observed between NAR levels and the risk of pneumonia (p for trend
< 0.001). Compared to the lowest quartile (Q1: NAR < 0.17), patients in the highest quartile (Q4: NAR > 0.39) had
a markedly increased risk of pneumonia (adjusted OR=3.09, 95% CI: 2.55-3.74, p < 0.001). In this study, the OR for the
derivation cohort was 1.80 (95% CI: 1.65-1.96), adjusted to 1.62 (95% CI: 1.49-1.77), and for the validation cohort, it
was 1.83 (95% CI: 1.62-2.09), adjusted to 1.64 (95% CI: 1.43—1.89), indicating a consistent significant association after
adjusting for confounders. In Figure 3, we conducted subgroup analyses based on age, sex, smoking, alcohol use,

hypertension, diabetes, hematoma characteristics (intraventricular hematoma, hematoma size, infratentorial hematoma),

Subgroup Normal NAR High NAR Odds ratio (95% Cl) P for interaction
Event/Total Event/Total

Age 0.009
<65 year 603/2142(28.2%)  1857/3291(56.4%) - 2.38(2.10-2.69)
>65 year 435/1004(43.3%) 1026/1579(65%) o 1.95(1.64-2.31)

Sex 0.61
Male 595/1850(32.2%) 1661/2869(57.9%) = 2.14(1.88-2.44)
Female 443/1296(34.2%)  1222/2001(61.1%) = 2.25(1.92-2.64)

Smoking 0.30
Never 652/2049(31.8%) 177713137(56.6%) - 2.14(1.89-2.43)
Current or Ever 386/1097(35.2%) 1106/1733(63.8%) - 2.29(1.93-2.72)

Alcohol 0.71
No 698/2164(32.3%) 1871/3246(57.6%) - 2.18(1.93-2.47)
Yes 340/982(34.6%) 1012/1624(62.3%) = 2.24(1.87-2.69)

Hypertension 0.03
No 289/999(28.9%) 1078/1829(58.9%) - 2.47(2.07-2.96)
Yes 749/2147(34.9%) 1805/3041(59.4%) - 2.08(1.84-2.36)

Diabetes 0.17
No 911/2796(32.6%)  2583/4425(58.4%) i 2.16(1.94-2.40)
Yes 127/350(36.3%) 300/445(67.4%) — 2.85(2.08-3.90)

Hematoma intraventricular 0.57
No 855/2716(31.5%) 2055/3623(56.7%) - 2.23(1.99-2.49)
Yes 183/430(42.6%) 828/1247(66.4%) - 2.09(1.64-2.65)

Hematoma aneurysm size <0.001
> 30ml 188/408(46.1%) 572/949(60.3%) [ 1.59(1.24-2.03)
<30ml 850/2738(31%) 2311/3921(58.9%) - 2.33(2.09-2.60)

Hematoma infratentorial 0.22
Supratentorial 892/2651(33.6%) 2353/3970(59.3%) - 2.17(1.95-2.43)
Infratentorial 146/495(29.5%) 530/900(58.9%) i 2.52(1.97-3.24)

Glasgow Coma Scale <0.001
>9 699/2613(26.8%) 1303/2559(50.9%) o 2.71(2.40-3.05)
<8 339/533(63.6%) 1580/2311(68.4%) = 1.21(0.99-1.48)

Systolic blood pressure 0.07
>140 mmHg 732/2056(35.6%)  2158/3591(60.1%) - 2.07(1.84-2.34)
<140 mmHg 306/1090(28.1%)  725/1279(56.7%) | — , 2.50(2.07-3.01)

1.0 20 40

Figure 3 Subgroup Analysis of Association between N Neutrophil-to-Albumin Ratio and hospital infection.
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and GCS score. OR and 95% CI are shown for each subgroup. The interaction P-values assess whether the effect of high
NAR differs significantly across subgroups.

Promising Biomarker of ICH Pneumonia

The ROC curves for predicting pneumonia show that NAR and NLR have the highest AUC 0.663, 95% CI: 0.590-0.615),
indicating better predictive accuracy compared to NPAR, NLR, PLR, and PAR (eFigure 1A). C-index, cNRI, and integrated
IDI were calculated to compare the predictive efficacy of NAR with that of other inflammatory biomarkers, including NPAR,
NLR, PLR, and PAR (eFigure 1B). NAR demonstrated a higher C-index (0.663, 95% CI: 0.590-0.615) compared to NPAR,
NLR, and PAR, and was comparable to NLR, but NAR showed higher ¢cNRI and IDI than NLR.

Discussion

In this retrospective observational study, we demonstrated that NAR is associated with an increased risk of pneumonia in
patients with ICH, and that NAR has good predictive ability for pneumonia. Our findings are consistent with previous
studies demonstrating the prognostic value of NAR in neurological diseases. For instance, Xin Zhang et al reported that
elevated NAR levels predicted unfavorable outcomes in patients with aneurysmal subarachnoid hemorrhage (aSAH).?’
Similarly, Zhibo Chen et al found that higher NAR was associated with increased all-cause mortality in stroke patients.?®
These studies support the broader applicability of NAR as a valuable biomarker for risk stratification across various types
of cerebrovascular events.

In our study, patients in the high NAR group were more likely to have a history of smoking and diabetes, both of
which are established risk factors for systemic inflammation and impaired nutritional status. These comorbidities may
partly explain the elevated inflammatory burden and lower serum albumin levels observed in these patients, leading to
higher NAR values. Interestingly, although patients in the low NAR group exhibited slightly higher neutrophil
percentages, the absolute neutrophil counts were actually lower compared to the high NAR group. Since NAR is
calculated based on the absolute neutrophil count rather than the proportion of neutrophils, these findings are biologically
plausible and support the validity of using NAR as an integrated biomarker reflecting both inflammation and nutritional
deficits. Additionally, we observed that platelet counts and blood glucose levels were somewhat higher in the low NAR
group. These variations likely reflect baseline metabolic differences among patients rather than inconsistencies in the
predictive capacity of NAR. Overall, the strong association between high NAR and increased risk of pneumonia in ICH
patients highlights the potential utility of NAR for early risk stratification and targeted intervention.

A previous study®’ demonstrated a significant association between elevated levels of NPAR and pneumonia, as well as
adverse functional outcomes in ICH patients. That study emphasized the importance of incorporating albumin into inflam-
matory markers to enhance predictive performance. Our study has several advantages over the previous research. First, we
have a larger sample size, providing higher statistical power and robustness to our findings. Second, we found that NAR had
a higher AUC compared to NPAR, indicating that NAR may serve as a more accurate predictor of pneumonia. Third, our
study was conducted as a multicenter study, enhancing the generalizability of our results to a broader patient population.

Our study highlights the advantages of NAR over other commonly used inflammatory biomarkers such as
NPAR, NLR, PLR, and PAR. While NLR primarily reflects the degree of inflammation, NAR offers a more
comprehensive evaluation of the inflammatory burden by incorporating serum albumin levels, which also reflect
nutritional status. We also compared the predictive performance of NAR with other biomarkers, demonstrating that
NAR exhibited superior ability in risk stratification and accuracy. NAR achieved the highest C-index (0.663, 95%
CI: 0.651-0.675), and demonstrated incremental improvement in reclassification performance, as evidenced by
favorable IDI and cNRI values. Therefore, although the AUC of NAR is similar to that of NLR, in practical
clinical applications, NAR has demonstrated better predictive ability and patient classification accuracy.

Despite the promising results, several limitations of our study should be acknowledged. First, the retrospective nature
of the study design may introduce biases, including selection bias and confounding factors that could affect the results.
Although we attempted to adjust for potential confounders, residual confounding cannot be entirely ruled out. Second,
our reliance on electronic health records may have led to incomplete or inaccurate data, which could impact the reliability
of our findings. Third, while our study was multicenter, it was still limited to specific healthcare settings, which may limit
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the generalizability of our results to other regions or healthcare systems. Fourth, the study did not account for all potential
factors that might influence postoperative infection, such as detailed information on perioperative care protocols and
antibiotic use. Finally, our findings are based on associations and cannot establish causality, highlighting the need for
future prospective studies to validate our results.

Conclusion

NAR may serve as a promising and practical biomarker for early identification of pneumonia risk in ICH patients,
showing relatively better predictive performance than other inflammatory markers based on AUROC, C-index, and cNRI
analyses. This suggests that NAR can enhance risk stratification and help clinicians better identify high-risk patients for
targeted interventions.
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