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Abstract
Objective The prognosis of aneurysmal subarachnoid hemorrhage (aSAH) survivors is concerning. The goal of this 
study was to investigate and demonstrate the relationship between the neutrophil-to-albumin ratio (NAR) and long-
term mortality of aSAH survivors.

Methods A retrospective observational cohort study was conducted at Sichuan University West China Hospital 
between January 2009 and June 2019. The investigation of relationship between NAR and long-term mortality was 
conducted using univariable and multivariable Cox regression models. To demonstrate the predictive performance of 
different biomarkers over time, time-dependent receiver operating characteristic curve (ROC) analysis and decision 
curve analysis (DCA) were created.

Results In total, 3173 aSAH patients were included in this study. There was a strong and continuous relationship 
between NAR levels and long-term mortality (HR 3.23 95% CI 2.75–3.79, p < 0.001). After adjustment, the result was 
still significant (adjusted HR 1.78 95% CI 1.49–2.12). Compared with patients with the lowest quartile (< 0.15) of NAR 
levels, the risk of long-term mortality in the other groups was higher (0.15–0.20: adjusted HR 1.30 95% CI 0.97–1.73; 
0.20–0.28: adjusted HR 1.37 95% CI 1.03–1.82; >0.28: adjusted HR 1.74 95% CI 1.30–2.32). Results in survivors were 
found to be still robust. Moreover, out of all the inflammatory markers studied, NAR demonstrated the highest 
correlation with long-term mortality.

Conclusions A high level of NAR was associated with increased long-term mortality among patients with aSAH. NAR 
was a promising inflammatory marker for long-term mortality of aSAH.
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Introduction
Aneurysmal subarachnoid hemorrhage (aSAH) is a con-
dition characterized by a high mortality rate and sub-
stantial disability. The current short-term mortality rate 
for aSAH has decreased to approximately 25–30% due to 
advances in medical decision-making [1, 2]. Long-term 
mortality risk remains 1.5 times that of the general popu-
lation for individuals who have survived the initial aSAH 
and attained a favorable recovery at the 12-month mark 
[3]. The elevated mortality rate persisted for a duration of 
up to two decades following the occurrence of aSAH [4]. 
Therefore, the long-term survival of aSAH patients mer-
its more consideration.

In the current studies, many predictive markers were 
used to determine the short-term risk of mortality in 
patients with aSAH, but few were used to determine 
the long-term risk of death [5–7]. Previous research has 
demonstrated a correlation between systemic inflamma-
tion and long-term survival [8, 9]. To demonstrate the 
systemic inflammatory status, numerous inflammatory 
markers were calculated, including the neutrophil-to-
albumin ratio (NAR), platelet-to-albumin ratio (PAR), 
neutrophil-to-lymphocyte ratio (NLR), platelet-to-lym-
phocyte ratio (PLR), monocyte-to-lymphocyte ratio 
(MLR), and systemic immune inflammation index (SII). 
It has been reported that these biomarkers are optimis-
tic predictors of long-term survival in other diseases, 
such as cardiovascular diseases [10–12] and cancers 
[13–17]. NAR, NLR, PLR, and SII index were discovered 
to be associated with complications after aSAH, includ-
ing postoperative pneumonia [18], rebleeding [19], and 
delayed cerebral ischemia [20–24]. Additionally, NAR 
[25], NLR [19, 26], PLR [22], MLR [27], and SII index [28] 
were highly predictive of unfavorable short-term out-
comes of aSAH. However, the predictive value of these 
inflammatory factors for long-term survival in patients 
with aSAH has not been evaluated. Consequently, it is 
crucial to identify a biomarker that differentiates the 
long-term prognosis of aSAH survivors.

Our study aimed to determine whether NAR is associ-
ated with aSAH survivors’ long-term prognosis. In addi-
tion, we would investigate the NAR’s prognostic ability 
and compare it to other inflammatory markers.

Methods
Study design and data source
Between January 2009 and June 2019, a retrospec-
tive observational cohort study was conducted at Sich-
uan University West China Hospital. The department 
of information assisted in retrieving hospitalization 
data via the electronic health record system. The West 
China Hospital Institutional Review Board approved the 
trial (No. 20,211,701) in which informed consent is not 

required due to its observational design. Patients were 
treated in accordance with established guidelines [29, 30].

Patient selection
In this investigation, patients with SAH were included 
and SAH must be caused by a clearly responsible aneu-
rysm. SAH should be confirmed by a CT scan or CT 
angiography (CTA) or digital subtraction angiography 
(DSA). To detect aneurysms, DSA, CTA, or MR angiog-
raphy (MRA) were utilized.

Exclusion criteria: (1) aSAH patients due to non-aneu-
rysmal causes such as trauma, arteriovenous malforma-
tions, and arteriovenous fistula; (2) aneurysms treated 
in other hospitals; (3) patients with necessary biological 
parameters missing, or (4) patients with incorrect ID 
numbers or from other provinces.

Inflammatory markers
The exposure of this study was NAR, one of the inflamma-
tory markers, which was calculated as NAR = Nneutrophil

Nalbumin
. The West China Hospital Stroke Unit took peripheral 
blood samples and evaluated serum neutrophil and albu-
min levels at the time of admission. Additionally, we col-
lected all platelet, lymphocyte, and monocyte records at 
admission. In addition to PAR, NLR, PLR, MLR, and SII 
index, five other combinations of inflammatory mark-
ers were examined: PAR, NLR, PLR, and MLR. Figure S1 
presents calculation methodologies for the various com-
binations of inflammatory factors.

Survival status
In this study, the survival status of patients was retrieved 
from the household registration system of Sichuan prov-
ince through ID number. According to state regulations, 
all residents must register the date of death at the local 
police station within one month of the time of death. 
This investigation excluded patients whose home address 
was not in Sichuan province or whose medical record 
ID number was incorrect. There were a total of 1,797 
patients excluded from the study (28.9%). The median 
survival of all enrolled patients was 45.6 months and the 
longest follow-up time was 122.4 months.

Primary and secondary outcomes
The primary outcome was all-cause mortality within the 
observation period. Secondary outcomes were all-cause 
mortality within the first hospitalization or after one year. 
Long-term and short-term were defined through time. 
These outcomes were also evaluated in post-discharge 
survivors.

Statistical analysis
Analysis of variance (ANOVA) was used to analyze con-
tinuous variables with a normal distribution, whereas 
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Kruskal-Wallis or Mann-Whitney U tests were used to 
compare continuous variables with non-normal distri-
butions. The chi-square test or Fisher’s exact test was 
used to analyze all categorical variables. A 2-sided p 
value < 0.05 was considered statistically significant. Miss-
ing data from continuous variables were imputed using 
mean values while missing data from categorical vari-
ables were labeled as dummy variables. Size of aneu-
rysm and Fisher grade were the only missing variables, 
accounting for 23.2% and 27.1%, respectively.

Using a restricted cubic spline (RCS), the relationship 
between NAR levels and all-cause mortality was visual-
ized. Using Kaplan-Meier curves, the difference between 
NAR categories was compared. The Cox regression 
model was used to estimate the adjusted hazard ratio 
(HR) and 95% confidence interval (95% CI). Before con-
ducting a multivariable Cox analysis, univariable Cox 
regression was performed. Characteristics that influ-
enced the results (p < 0.10) were then incorporated into 
a multivariable Cox regression model. When factors 
remained statistically significant, they were deemed inde-
pendently associated.

As suggested by the TRIPOD statement, Harrell C-sta-
tistics (C-index) and integrated discrimination improve-
ment (IDI) were used to compare the ability of NAR and 
other inflammatory biomarkers to predict long-term 
mortality [31, 32]. The IDI is computed by adding the 
proportion of patients whose probability is forecasted to 
increase to the proportion of non-patients whose prob-
ability is predicted to decrease. If IDI is greater than 
zero, the new model’s predictive ability is superior to the 

previous model’s. The clinical usefulness was evaluated 
using the categorical net reclassification improvement 
(cNRI) and the decision curve analysis (DCA). cNRI is an 
index for comparing the classification ability of old and 
novel models using the gold standard diagnosis. Similar 
to the IDI, the larger the cNRI, the more apparent the 
model enhancement. According to the previous study 
[1], we defined risk ratio < 0.1 as low, 0.1–0.6 as moderate, 
and > 0.6 as high risk of long-term mortality. To evaluate 
the change in discriminatory ability of these biomarkers 
over time, we constructed receiver operating character-
istic (ROC) curves at various time points and the time-
dependent ROC curve. Higher area under the curve 
(AUC) indicated a greater capacity for prediction.

Subgroup analysis was employed to determine whether 
the association between NAR and long-term mortality 
varied across subgroups, and the p value for interaction 
was calculated. All analyses were performed using R soft-
ware (version 4.1.0, Vienna, Austria).

Results
Baseline characteristics of the cohort
3173 aSAH patients were enrolled in this study (Fig. 1). 
Table  1 displays the baseline characteristics of the 
included patients. The mean age of our cohort was 
55.14 ± 11.99 years, and 1113 (35.1%) were female. Aneu-
rysms of the posterior circulation were found in 18.9% 
of patients, with a mean size of 0.77 ± 0.71  cm. Patients 
with a high NAR (> 0.28) were more likely to have a 
higher SBP at admittance and a history of hypertension 
(p < 0.001 and p = 0.05, respectively). In addition, patients 

Fig. 1 Flow diagram for the selection of participants included in the present analysis
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with a high NAR had a higher Fisher grade and Hunt-
Hess grade (p < 0.001, both).

Association between NAR and survival
As demonstrated in Fig.  2 and Figure S2, there was a 
robust and continuous association between NAR lev-
els and long-term mortality (HR 3.23 95% CI 2.75–3.79, 

p < 0.001) and long-term mortality in discharged sur-
vivors (HR 2.52 95% CI 2.10–3.03, p < 0.001). After 
accounting for all potential confounders, the result 
remained statistically significant (adjusted HR 1.78 
95% CI 1.49–2.12; adjusted HR 1.55 95% CI 1.26–1.90, 
respectively).

Table 1 Baseline characteristics stratified by NAR levels at admission. 
Characteristics All NAR quartile P 

valuen = 3173 < 0.15
(n = 794)

0.15–0.20
(n = 793)

0.20–0.28 (n = 793) > 0.28
(n = 793)

Demographics
Age, y, mean (SD) 55.14 (11.99) 54.49 (12.51) 55.81 (11.44) 55.39 (11.89) 54.85 (12.06) 0.13
Male, n (%) 1113 (35.1) 230 (29.0) 279 (35.2) 295 (37.2) 309 (39.0) < 0.001
Smoking, n (%)
Current 142 (4.5) 44 (5.5) 39 (4.9) 31 (3.9) 28 (3.5) 0.03
Ever 642 (20.2) 131 (16.5) 161 (20.3) 168 (21.2) 182 (23.0)
Never 2389 (75.3) 619 (78.0) 593 (74.8) 594 (74.9) 583 (73.5)
Alcohol abuse, n (%) 630 (19.9) 125 (15.7) 164 (20.7) 173 (21.8) 168 (21.2) 0.009
SBP, mmHg, mean (SD) 144.38 (25.12) 137.07 (21.24) 144.86 (23.15) 147.32 (25.35) 148.29 (28.64) < 0.001
Medical history, n (%)
Hypertension 773 (24.4) 175 (22.0) 189 (23.8) 188 (23.7) 221 (27.9) 0.05
Diabetes 188 (5.9) 50 (6.3) 39 (4.9) 46 (5.8) 53 (6.7) 0.48
CHD 79 (2.5) 19 (2.4) 16 (2.0) 21 (2.6) 23 (2.9) 0.71
CRF 20 (0.6) 4 (0.5) 5 (0.6) 4 (0.5) 7 (0.9) 0.80
COPD 229 (7.2) 50 (6.3) 70 (8.8) 54 (6.8) 55 (6.9) 0.23
Aneurysm characteristics
Posterior location, n (%) 601 (18.9) 149 (18.8) 153 (19.3) 155 (19.5) 144 (18.2) 0.90
Size, cm, median (IQR) 0.60 (0.40, 0.80) 0.60 (0.40, 0.90) 0.60 (0.40, 0.80) 0.60 (0.40, 0.80) 0.60 (0.40, 0.80) 0.30
Hemorrhagic characteristics, n (%)
Fisher grade III-IV 1689 (53.2) 15 (1.9) 44 (5.5) 85 (10.7) 265 (33.4) < 0.001
Hunt & Hess grade IV-V 409 (12.9) 197 (24.8) 417 (52.6) 478 (60.3) 597 (75.3) < 0.001
EVD 71 (2.2) 1 (0.1) 12 (1.5) 15 (1.9) 43 (5.4) < 0.001
Treatment of aneurysms, n (%)
Clip 2123 (66.9) 505 (63.6) 540 (68.1) 573 (72.3) 505 (63.7) < 0.001
Coil 395 (12.4) 131 (16.5) 106 (13.4) 77 (9.7) 81 (10.2)
No treatment 655 (20.6) 158 (19.9) 147 (18.5) 143 (18.0) 207 (26.1)
Biology, median (IQR)
Glucose, mmol/L 6.41 (5.46, 7.77) 5.43 (4.86, 6.41) 6.25 (5.50, 7.19) 6.69 (5.81, 7.95) 7.48 (6.29, 9.33) < 0.001
Neutrophil, 109/L 8.07 (5.68, 11.15) 4.24 (3.16, 5.07) 7.00 (6.34, 7.78) 9.52 (8.58, 10.62) 13.99 (12.16, 16.42) < 0.001
Platelet, 109/L 165.00 (126.00, 

211.00)
163.00 (123.00, 
212.00)

157.00 (124.00, 
204.00)

169.00 (127.00, 
208.00)

169.00 (129.00, 
221.00)

0.01

Lymphocyte, 109/L 1.10 (0.78, 1.49) 1.38 (1.02, 1.75) 1.10 (0.82, 1.46) 1.02 (0.68, 1.38) 0.92 (0.67, 1.28) < 0.001
Albumin, g/L 40.50 (37.10, 43.40) 40.60 (38.10, 43.10) 40.70 (37.50, 43.40) 40.80 (37.30, 43.60) 39.70 (34.50, 43.80) < 0.001
Monocyte, 109/L 0.48 (0.34, 0.67) 0.37 (0.28, 0.47) 0.46 (0.35, 0.60) 0.54 (0.38, 0.70) 0.66 (0.48, 0.91) < 0.001
NAR 0.20 (0.15, 0.28) 0.11 (0.08, 0.13) 0.17 (0.16, 0.19) 0.24 (0.22, 0.26) 0.35 (0.31, 0.41) < 0.001
PAR 4.11 (3.14, 5.32) 4.06 (3.03, 5.31) 3.96 (3.07, 5.02) 4.12 (3.22, 5.29) 4.40 (3.30, 5.70) < 0.001
NLR 7.54 (4.24, 12.87) 2.85 (1.98, 4.32) 6.29 (4.64, 8.93) 9.41 (6.62, 13.89) 15.17 (10.52, 22.44) < 0.001
PLR 148.26 (105.83, 

215.48)
118.05 (90.72, 
167.31)

141.49 (104.52, 
203.57)

164.75 (118.10, 
231.43)

178.69 (121.54, 
263.54)

< 0.001

MLR 0.44 (0.29, 0.66) 0.26 (0.20, 0.37) 0.41 (0.30, 0.54) 0.50 (0.35, 0.71) 0.69 (0.47, 1.00) < 0.001
SII 1.19 (0.67, 2.10) 0.48 (0.33, 0.73) 0.99 (0.71, 1.44) 1.57 (1.09, 2.24) 2.52 (1.62, 4.03) < 0.001
SBP, systolic blood pressure; CHD, coronary heart disease; COPD, chronic obstructive pulmonary disease; CRF, chronic renal failure; EVD, external ventricular drain; 
SD, standard deviation; NAR, neutrophil-to-albumin ratio; PAR, platelet-to-albumin ratio; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; 
MLR, monocyte-to-lymphocyte ratio; SII, systemic immune inflammation index
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Kaplan-Meier curves for all patients (n = 3173) and dis-
charged survivors (n = 2994) were statistically analyzed, 
as shown in Fig. 3. Among all patients, the median sur-
vival time for each NAR group was 68.3 months in Q1 
NAR levels (< 0.15), 63.1 months in Q2 NAR levels 
(0.15–0.20), 57.4 months in Q3 NAR levels (0.20–0.28), 
and 46.4 months in Q4 NAR levels (> 0.28). There was a 
significant survival difference between the four groups 
(p < 0.001). Among the discharged survivors, the median 
survival time for each NAR group was 70.1 months in Q1 
NAR levels (< 0.14), 63.1 months in Q2 NAR levels (0.14–
0.20), 64.9 months in Q3 NAR levels (0.20–0.27), and 
56.1 months in Q4 NAR levels (> 0.27). There was still a 

significant survival difference between the four groups 
(p < 0.001).

The results of the Cox regression model are shown in 
Table S1. In the univariate Cox regression, factors includ-
ing age, sex, SBP at admission, history of hypertension, 
diabetes, CRF, and COPD, location and size of aneu-
rysms, Fisher grade, Hunt & Hess grade, external ventric-
ular drain (EVD), treatment, glucose and NAR levels were 
implemented into the further analysis. After adjustment, 
NAR (> 0.28 vs. < 0.15) was an independent prognostic 
factor (adjusted HR 1.74 95% CI 1.30–2.32, p < 0.001). 
Besides, age, history of CRF (adjusted HR 2.53 95% CI 
1.91–3.15, p = 0.003), size of aneurysms (adjusted HR 

Fig. 2 Relationship between NAR and long-term mortality in all patients with aSAH. Predicted probabilities and observed rate of long-term mortality (a). 
Adjusted HR and 95% CI are shown for each 0.05 change (b). NAR, neutrophil-to-albumin ratio; aSAH, aneurysmal subarachnoid hemorrhage; HR, hazard 
ratio; CI, confidence interval
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1.17 95% CI 1.10–1.25, p < 0.001), Fisher grade (adjusted 
HR 1.35 95% CI 1.13–1.58, p = 0.008), Hunt & Hess grade 
(adjusted HR 2.58 95% CI 2.39–2.77, p < 0.001), EVD, 
treatment and glucose were still statistically significant in 
the multivariable model.

There were 179 patients (5.6%) who died before dis-
charge. Excluding from the entire cohort, we made a 
subgroup analysis of the remaining 2994 patients. As 
shown in Table S2, the same factors as before were 
employed in the multivariable Cox regression model. 
After adjustment, NAR (> 0.27 vs. < 0.14) was still sig-
nificant (adjusted HR 1.55 95% CI 1.11–2.15, p = 0.009). 
Compared with the results of all patients, a higher Fisher 
grade (III-IV) was no longer an independent prognostic 
factor but a higher Hunt & Hess grade (IV-V) was still 
significant (Fisher grade: adjusted HR 1.19 95% CI 0.95–
1.43, p = 0.15; Hunt & Hess grade: adjusted HR 2.30 95% 

CI 2.07–2.53, p < 0.001). Besides, SBP at admission was 
still significant in this multivariable model (p = 0.008).

Association between NAR and 1-year mortality was 
also explored. As shown in Table  2, higher NAR levels 
(> 0.28 vs. < 0.15) were associated with 1-year mortal-
ity (adjusted HR 2.44 95% CI 1.69–3.52, p < 0.001). The 
result was still robust after excluding patients who died 
before discharge (NAR > 0.27 vs. < 0.14: adjusted HR 2.37 
95% CI 1.50–3.73, p < 0.001). Furthermore, after adjusting 
for potential confounders, positive dose-response rela-
tionships were found between NAR levels and long-term 
mortality and 1-year mortality (both p for trend < 0.001). 
Similar dose-response relationships between long-term 
mortality and NAR were also found in the discharged 
survivors.

Table 2 Associations between NAR levels and mortality in all patients and discharged survivors
Outcomes NAR levels Unadjusted Multivariable Regression 

Adjustment
Unadjusted HR P value P trend Adjusted HR P value P trend

Mortality before discharge 0.15–0.20 1.24 (0.65–2.37) 0.51 < 0.001 1.11 (0.55–2.25) 0.77 < 0.001
0.20–0.28 1.55 (0.83–2.88) 0.17 0.86 (0.41–1.80) 0.68
> 0.28 7.75 (4.61–13.03) < 0.001 2.60 (1.36–4.96) 0.004

1-year mortality 0.15–0.20 1.64 (1.15–2.34) 0.006 < 0.001 1.30 (0.89–1.91) 0.17 < 0.001
0.20–0.28 2.06 (1.46–2.89) < 0.001 1.30 (0.89–1.89) 0.17
> 0.28 5.79 (4.27–7.84) < 0.001 2.44 (1.69–3.52) < 0.001

Long-term mortality 0.15–0.20 1.55 (1.19–2.02) 0.001 < 0.001 1.30 (0.97–1.73) 0.08 < 0.001
0.20–0.28 1.92 (1.49–2.48) < 0.001 1.37 (1.03–1.82) 0.03
> 0.28 4.06 (3.22–5.13) < 0.001 1.74 (1.30–2.32) < 0.001

1-year mortality of discharged survivors 0.14–0.20 1.76 (1.14–2.72) 0.011 < 0.001 1.31 (0.81–2.12) 0.26 < 0.001
0.20–0.27 2.29 (1.51–3.48) < 0.001 1.55 (0.98–2.46) 0.06
> 0.27 4.93 (3.36–7.23) < 0.001 2.37 (1.50–3.73) < 0.001

Long-term mortality of discharged survivors 0.14–0.20 1.63 (1.21–2.19) 0.001 < 0.001 1.34 (0.97–1.85) 0.08 < 0.001
0.20–0.27 1.96 (1.47–2.62) < 0.001 1.51 (1.09–2.09) 0.01
> 0.27 3.28 (2.50–4.28) < 0.001 1.55 (1.11–2.15) 0.009

NAR, neutrophil-to-albumin ratio; HR, hazard rate; CI, confidence interval

Fig. 3 Kaplan-Meier curve for overall survival of all patients (n = 3173) by quartiles of NAR levels (a). Kaplan-Meier curve for overall survival of discharged 
survivors (n = 2994) by quartiles of NAR levels (b). NAR, neutrophil-to-albumin ratio
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Promising biomarker of aSAH survival
C-index, categorical NRI, and IDI were calculated to 
compare the predictive efficacy of NAR to that of other 
inflammatory biomarkers (Table  3). The best cut-off 
value of NAR for predicting long-term mortality was 0.25 
with 53.9% sensitivity and 71.3% specificity (AUC = 0.68 
95% CI: 0.65–0.70). Compared with the five other inflam-
matory biomarkers, NAR achieved the highest C-index 
(C-index = 0.68 95% CI: 0.66–0.70). In addition, as shown 
in Table S3, NAR demonstrated a superior capacity 
for reclassification (cNRI: p < 0.001, all). Furthermore, 
time-dependent ROC curves were generated for each 
biomarker, and the estimated AUCs were calculated at 

different time points (Fig. 4). The prognostic performance 
of NAR was continuously superior to other inflammatory 
biomarkers. As shown in Fig. 5, NAR showed a higher net 
benefit consistently in the DCA of 3 time points, which 
means more promising clinical application prospects.

We also evaluated the interactions between various 
factors and NAR (Figure S3). There was an interaction 
between age and COPD history (p = 0.01, p = 0.02, respec-
tively). Fisher grade III-IV, Hunt & Hess grade IV-V, 
aneurysm therapy, or aneurysm site had no discernible 
impact on the link between NAR and death.

Table 3 Discriminative capacity of NAR and other inflammatory biomarkers to predict long-term mortality
Biomarkers C-index (95% CI) P value cNRI (95% CI) P value IDI (95% CI) P 

value
NAR vs. PAR 0.68 (0.66–0.70) vs. 0.50 (0.47–0.53) < 0.001 0.06 (0.04–0.09) < 0.001 0.04 (0.03–0.05) < 0.001
NAR vs. NLR 0.68 (0.66–0.70) vs. 0.65 (0.63–0.68) 0.004 0.07 (0.04–0.09) < 0.001 0.04 (0.02–0.05) < 0.001
NAR vs. PLR 0.68 (0.66–0.70) vs. 0.55 (0.53–0.58) < 0.001 0.07 (0.05–0.09) < 0.001 0.05 (0.04–0.06) < 0.001
NAR vs. MLR 0.68 (0.66–0.70) vs. 0.64 (0.62–0.67) 0.014 0.07 (0.05–0.09) < 0.001 0.07 (0.05–0.08) < 0.001
NAR vs. SII 0.68 (0.66–0.70) vs. 0.64 (0.61–0.66) < 0.001 0.07 (0.05–0.09) < 0.001 0.08 (0.06–0.09) < 0.001
NAR, neutrophil-to-albumin ratio; PAR, platelet-to-albumin ratio; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; MLR, monocyte-to-
lymphocyte ratio; SII, systemic immune inflammation index; cNRI, categorical net reclassification improvement; IDI, integrated discrimination improvement; CI, 
confidence interval

Fig. 4 The receiver operating characteristic curves (ROC) of the different inflammatory markers to predict 1-, 3-, and median overall survival (a-c). Time-
dependent ROC analysis of the predictive accuracy of the different inflammatory markers (d). NAR, neutrophil-to-albumin ratio; PAR, platelet-to-albumin 
ratio; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; MLR, monocyte-to-lymphocyte ratio; SII index, systemic immune inflamma-
tion index; AUC, area under the curve
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Discussion
In this extensive retrospective observational study, we 
demonstrated that a high level of NAR is associated with 
an increased risk of long-term mortality among aSAH 
survivors. In addition, we discovered a dose-response 
relationship between elevated NAR levels and long-term 
mortality. In addition, we demonstrated that NAR was 
a promising inflammatory biomarker for the prediction 
of long-term aSAH mortality using a multidimensional 
approach.

Although there have been numerous studies on the 
long-term prognosis of aSAH, their definition of long-
term prognosis was typically one year after aSAH 
[33–37]. However, the overburdened risk of mortal-
ity in patients with aSAH persists for much longer than 
one year, necessitating urgent studies on the prognosis 
of aSAH. Several studies have revealed the association 
between NAR and complications and 3-months poor 
outcomes [18, 20, 25, 38]. In the absence of long-term 
follow-up, however, the predictive value of NAR for the 
long-term prognosis of aSAH was null. The association 
of NAR with the early prognosis of aSAH was primar-
ily attributable to the inflammatory response induced 
by early brain injury (EBI), although it was unknown 
whether this effect would persist over time. We con-
ducted a comprehensive investigation of the associa-
tion between NAR and aSAH long-term mortality using 
data from 3,173 aSAH patients with a median follow-up 
period of 3.8 years.

In this study, we compared NAR to other inflammatory 
markers and found that NAR was a more accurate predic-
tor of long-term prognosis. First, the NAR is a simple and 
inexpensive indicator of inflammation that can be calcu-
lated from the patient’s routine admission measurements 
without additional financial burden. By analyzing their 
C-index, we discovered that NAR was more discriminat-
ing than other inflammatory markers (p < 0.05, all). In 
terms of the time-dependent ROC analysis, the NAR pre-
diction was more stable than those of the other markers, 
which reflected the stability of its long-term predictive 
ability. Thirdly, we found that NAR was superior to DCA 

and categorical NRI in identifying high-risk (60%) aSAH 
patients. This means that we could identify aSAH survi-
vors with a high long-term risk earlier and focus more on 
follow-up and early intervention. More importantly, NAR 
suggested therapeutic directions that were more likely to 
be pursued in clinical practice than other inflammatory 
markers.

Neutrophil depletion after subarachnoid hemorrhage 
has been reported to improve memory via NMDA recep-
tors [39]. Albumin was not only an important inflamma-
tory marker, but also an important nutritional marker. 
Albumin supplementation in perioperative patients has 
long been a cause for concern. A multicenter pilot study 
also revealed that 1.25  g/kg/day albumin treatment was 
safe in SAH patients and might be neuroprotective [40].

Complex and diverse pathophysiological mechanisms 
underlie the association between NAR and mortal-
ity. Elevated neutrophil levels were proved to be related 
to poorer outcomes and in-hospital complications in 
aSAH [41]. Damage to the brain-blood barrier (BBB) is 
mediated by neutrophil products, such as free oxygen 
radicals and proteolytic enzymes [42]. Inflammation is 
exacerbated by the release of neutrophil extracellular 
traps, which compromise the blood-brain barrier (BBB) 
and exacerbate injury to surrounding neurons and other 
brain cells [43, 44].

In addition, although the precise mechanism is 
unknown, hypoalbuminemia has been linked to in-hos-
pital complications [45] and outcomes at discharge in 
aSAH patients [46]. Several experimental studies have 
reported that albumin exerts a neuroprotective effect by 
preventing BBB disruption [47], alleviating neural degen-
eration and apoptosis [48], and assisting neurovascular 
remodeling [49]. Nevertheless, a previous experiment 
research indicated that TGF-beta receptor-mediated 
albumin uptake into astrocytes is involved in neocortical 
epileptogenesis [50]. To determine the function of albu-
min in the brain, therefore, larger, more rigorous clinical 
studies are required.

Intriguingly, in the subgroup analysis, higher NAR 
levels were associated with long-term mortality in 

Fig. 5 The decision curve analysis (DCA) of the different inflammatory markers to predict 1-, 3-, and median overall survival
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patients ≤ 65 years but not in those > 65 years (p = 0.01). 
Similar results were found that high-NAR patients with-
out a history of COPD were associated with long-term 
mortality (p = 0.02). Several studies suggest that neutro-
phil defensins and serine proteinases cause damage in 
COPD and stimulate epithelial cells to recruit more neu-
trophils, thereby exacerbating the inflammatory response 
[51, 52]. A systematic review found that stable COPD 
patients have substantially reduced serum albumin con-
centrations than non-COPD controls [53]. As both neu-
trophil and albumin levels are positively correlated with 
COPD severity, NAR may not be an excellent indicator in 
patients with COPD. Additionally, as previously reported, 
age-related changes in the local inflamed tissues could 
cause aberrant neutrophil trafficking and subsequent 
remote organ damage [54]. Low albumin levels have been 
linked to older physical endurance levels. It was hypoth-
esized that an increased level of NAR in the elderly could 
impact the capacity of NAR [55]. While the mechanism 
is unknown, the subgroup should be read with caution 
because false-positive findings might occur when many 
subgroups are examined [56].

Posterior circulation and increased blood volume 
always portend a poorer prognosis in the short term. We 
also test these conclusions with our results. The median 
survival time of patients with posterior circulation aneu-
rysms was significantly shorter than that of patients with 
anterior circulation aneurysms (1288.13 ± 871.62 vs. 
1944.33 ± 1167.88, p < 0.001). Fisher grade was used to 
measure the blood volume. Patients with higher Fisher 
grades had shorter survival times than those with lower 
Fisher grades (1601.52 ± 1129.16 vs. 1963.56 ± 1025.17, 
p < 0.001). To further examine if they would impact the 
outcomes, the interaction between these two variables 
and NAR was calculated. As depicted in Figure S3, there 
was no interaction between NAR and aneurysm loca-
tion (p = 0.60) and aSAH patients with higher NAR 
were at higher risk of long-term death in patients with 
both anterior circulation (HR = 1.55, 95% CI 1.28–1.88) 
and posterior location aneurysms(HR = 2.12, 95% CI 
1.44–3.12). Similarly, there was no interaction between 
NAR and Fisher grade (p = 0.91) and aSAH patients with 
higher NAR were at higher risk of long-term death in 
patients with both lower Fisher grade (HR = 1.57, 95% 
CI 1.02–2.40) and higher Fisher grade(HR = 1.66, 95% 
CI 1.33–2.08). Besides, to avoid the influence of short-
term prognosis resulting from the aneurysm location 
and blood volume, we excluded the patients dead before 
discharge. As shown in Table S2, the aneurysm location 
(p = 0.66) and blood volume (p = 0.15) were not associated 
with long-term mortality after multivariable regression 
adjustment. In summary, we didn’t consider the loca-
tion of aneurysm or the blood volume would impact our 
conclusions.

Our study’s merits are its extensive data and accu-
rate and exhaustive long-term follow-up. In addition, 
we compared the predictive ability of six inflammatory 
markers using multiple methodologies.

Nevertheless, our study has several limitations. First, 
the medication history was absent. Particular medica-
tions could affect the neutrophil and albumin levels. Our 
study was unable to assess this relationship; however, 
using neutrophil and albumin levels at admission could 
mitigate this issue. Furthermore, we had no access to the 
specific causes of death of the survivors. This limits our 
further exploration of the relationship between inflam-
mation and specific disease risk, such as cardiovascular 
diseases and cancer. In addition, neither the daily nor 
long-term NAR levels were measured. Dynamic moni-
toring of NAR levels would be more beneficial, and 
long-term NAR levels could indicate the presence of a 
persistent, long-term, chronic inflammatory condition.

In spite of the aforementioned limitations, our study 
revealed that NAR may be a novel, cost-effective, and 
accessible biomarker for predicting the long-term mor-
tality of aSAH patients.

Conclusion
Our study indicated that a high level of NAR was associ-
ated with increased long-term mortality among patients 
with aSAH and the NAR was a promising inflammatory 
marker for long-term mortality of aSAH. It may help us 
better comprehend the connection between inflamma-
tory response and long-term prognosis of aSAH and pre-
dict long-term risk of aSAH.
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