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Background: Inflammation is closely associated with prognosis in patients with aneurysmal subarachnoid hemorrhage (aSAH),
which is orchestrated by inflammatory cytokines. Therefore, this study aimed to investigate the levels of inflammatory cytokines in the
early stage of aSAH and their predictive value for prognosis.
Methods: In this retrospective study, 206 patients with aSAH were recruited and assigned to a severe group (WFNS grade ≥ 4) and
a mild group (WFNS grade < 4) according to the severity of patients on admission. Flow cytometry was performed to detect the levels
of 12 inflammatory cytokines in the serum of patients. Then, patients were grouped into a poor prognosis group (mRS score ≥ 4) and
a good prognosis group (mRS score < 4) based on their prognosis after 3 months of discharge to compare the relationship between
cytokines and prognosis. Propensity score matching (PSM) was utilized to control confounding factors. The correlation between
inflammatory factors and prognosis was determined using Spearman correlation, and the predictive efficacy of inflammatory factors
was tested by a receiver operating characteristic curve.
Results: Serum IL-1β, IL-5, IL-6, IL-8, IL-10, IFN-γ, and TNF-α levels were significantly higher in the mild group than in the severe
group and in the poor prognosis group than in the good prognosis group. After PSM, the differences in IL-1β, IL-5, IFN-α, and IFN-γ
levels disappeared between the two groups, whereas IL-2, IL-6, IL-8, IL-10, and TNF-α levels remained higher in the poor prognosis
group than in the good prognosis group. Additionally, IL-2, IL-6, IL-8, and IL-10 levels were positively correlated with mRS scores.
Moreover, the predictive value was found to be the highest for IL-6 and the lowest for TNF-α.
Conclusion: Inflammation degree was related to the severity of aSAH. Inflammatory markers, including IL-6, IL-10, IL-8, IL-2, and
TNF-α, might predict the poor prognosis of aSAH.
Keywords: aneurysmal subarachnoid hemorrhage, inflammation, cytokine, prognosis, propensity score matching

Introduction
As a typical clinical emergency, subarachnoid hemorrhage (SAH) accounts for approximately 5% of all strokes with high
mortality and disability, among which about 80% is aneurysmal SAH (aSAH).1 It is primarily characterized by the rupture of
the aneurysm, resulting in a sudden flow of blood into the subarachnoid space filled with cerebrospinal fluid (CSF). Despite
tremendous advances in the early treatment of aSAH with the help of aneurysm clipping and coil embolization,2 the overall
mortality rate remains high at 32–67%.3 Furthermore, the majority of survivors suffer from varying degrees of disability.4

Therefore, it is critical to early identify biomarkers associated with poor prognosis and intervention. In addition, brain injury
following aSAH leads to systemic inflammation, such as altered inflammatory cytokines, which is correlated with poor
prognosis.5 It has been reported that elevated serum concentrations of inflammatory markers, like tumor necrosis factor
(TNF)-α, interleukin (IL)-1, IL-6, and other cytokines are associated with the poor prognosis of SAH patients.6–8 However, the
aforementioned cytokines are inconclusive for the outcome of aSAH, and sometimes the conclusions are even contradictory.
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Moreover, the relationship between the levels of some inflammatory cytokines (such as IL-2 and IL-5) and the prognosis of
aSAH remains poorly identified. Thus, this study set out to determine whether the expression of 12 serum cytokines [IL-1, IL-
2, IL-4, IL-5, IL-6, IL-8, IL-10, IL-12p70, IL-17, interferon (IFN)-α, interferon (IFN)-γ, and TNF-α] was differential in
patients with different severity of aSAH and healthy populations and to ascertain whether the concentrations of the aforesaid
cytokine differed in aSAH patients with different outcomes and whether they can be adopted as early predictors to better guide
clinical decisions.

Materials and Methods
Research Subjects
A total of 206 patients with aSAH admitted to the Affiliated Hospital of Xuzhou Medical University from January 15, 2020,
to August 1, 2021, were enrolled in this study as study subjects. The inclusion criteria were as follows: (1) SAH confirmed by
cranial computed tomography (CT) or lumbar puncture; (2) the presence of aneurysm confirmed by CT angiography or
digital subtraction angiography after admission to the hospital; and (3) access to the hospital within 24 hours.

Exclusion criteria included: (1) the history of long-term immunomodulatory therapy, including cortisol and other drugs;
(2) severe cardiovascular or pulmonary disease, AIDS, autoimmune system disease, or malignancy; (3) co-infection; (4)
insufficient clinical data; (5) death while in the hospital; (6) SAH caused by trauma, arteriovenous malformation, or smog or
SAH inwhich the source of the hemorrhage could not be determined by cerebral angiography; and (7) re-rupture hemorrhage after
aneurysm surgery.

Additionally, 86 healthy people examined in our hospital during the same period were collected as controls. Our research
was ratified by the Ethics Committee of XuzhouMedical University (Ethical Batch Number: XYFY2021-KL232-01). Patients
were not required to provide informed consent, as the study was retrospective and the data was anonymous.

Clinical Data Collection
The clinical information of the patients, including gender, age, mean arterial pressure on admission [(2 × diastolic +
systolic)/3], surgical procedure, time from onset to admission, previous history of hypertension, diabetes, smoking, and
alcohol consumption, was obtained through the electronic medical record system of the hospital. The location (anterior or
posterior circulation), diameter, and the number of the aneurysm were clarified by the imaging examination results of
patients and course records during hospitalization, followed by the recording of the occurrence of aSAH-related
complications, such as acute hydrocephalus, delayed cerebral ischemia (DCI, which was evaluated as per previously
published guidelines9) and pneumonia. The World Federation of Neurosurgery Surgeons (WFNS) grade10 was employed
to assess the severity of the disease (WFNS grade ≥ 4 as the severe group, and WFNS grade < 4 as the mild group). The
CT-based modified Fisher Scale (MFS)11 was utilized to assess the degree of hemorrhage. All of these were assessed by
two attending neurologists. When the conclusions of the two assessors were inconsistent, the assessment was performed
by a third associate neurologist.

The laboratory findings on the admission of patientswere harvested by a neurology resident. The laboratory indices of patients
were collected, which consisted of white blood cells, neutrophils, lymphocytes, platelets, red blood cell count, blood glucose,
platelet count, and serum cytokines (IL-1, IL-2, IL-4, IL-5, IL-6, IL-8, IL-10, IL-12p70, IL-17, IFN-α, IFN-γ, and TNF-α).

In addition, the data of serum cytokines were attained from 165 patients who were examined at our physical
examination center during the same period to facilitate the comparison with the healthy population. A total of 86 healthy
individuals were matched for age and gender to the case group and enrolled as the control group of this study.

ThemRS score12was selected as a scale to reflect the prognosis of patients, reflecting the degree of disability, whichwasmore
straightforward and easier to use. This scorewas acquired through the telephone follow-up of patients by one resident 90 days after
discharge: the mRS score of 0–3 was defined as a good prognosis and the score of 4–6 as a poor prognosis.

Statistical Analysis
SPSS 25.0 was utilized to analyze the comparative trial data. Continuous variables conforming to normal distribution
were expressed as means ± standard deviation, whilst those with abnormal distribution were summarized as median
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and quartiles [median (P25, P75)]. Group comparisons conforming to normal distribution and variance were analyzed
using two independent samples t-tests, and the corrected t-test was used when the used variance was not equal. For
data with abnormal distribution and rank data, comparisons among three groups were analyzed using Kruskal–Wallis
test with p value corrected by Bonferroni, and comparisons between two groups were analyzed using Mann–Whitney
U-test. Besides, categorical variables were shown as rates (%). Data between groups were compared using Pearson χ2

test, Fisher exact test, and continuity correction χ2 test. Propensity score (PS) was conducted using the PS matching
(PSM) 3.04 program package of R software 3.3.3, and PSM was calculated using logistic regression. The covariates
entered into the PSM model, which comprised MFS, WFNS, age, sex, history of smoking, history of alcohol
consumption, history of diabetes mellitus, history of hypertension, admission time, aneurysm location, aneurysm
size, surgical procedure, white blood cell count, neutrophil count, blood glucose, lymphocyte count, and PSM using
a 1:2 matching method with a caliper value of 0.4. Spearman correlation was utilized to analyze the association
between grade information and information with skewed distribution. After PSM, the best cut-off values of
statistically significant variables were analyzed using the receiver operating characteristic (ROC) curve. The area
under the curve (AUC) was calculated to determine the predictive ability.

Results
The Baseline Data of aSAH Patients
A total of 206 patients (97 males and 109 females) with SAH were included in this study with a mean age of 59.69 ±
12.93 years. Among these patients, 18 patients (8.74%) smoked, 12 patients (5.83%) drank, 28 patients (13.59%)
developed diabetes mellitus, and 121 patients (58.74%) suffered from hypertension. The WFNS grade was generally
considered to accurately reflect the severity of SAH. Therefore, patients were classified in the light of the WFNS grade,
with patients with WFNS ≥ 4 as the severe group and those with WFNS < 4 as the mild group. The mild group consisted
of 117 patients, while the severe group consisted of 89 patients. The baseline characteristics of patients classified as per
the disease severity are depicted in Table 1. The severe group exhibited higher MFS, white blood cell count, and
neutrophil count, and a lower blood glucose level than the mild group (P < 0.05). Additionally, it was discovered that the
probability of developing aSAH-related complications, such as acute hydrocephalus, delayed cerebral ischemia, and
pulmonary infection was significantly higher in the severe group than in the mild group (P < 0.05). There was no
statistically significant difference between these two groups regarding other indicators.

Comparison of the Cytokines of the Mild, Severe, and Control Groups
Serum levels of IL-1, IL-5, IL-6, IL-8, IL-10, IFN-γ, and TNF-α were obviously higher in patients with mild aSAH than in
healthy controls (P < 0.05). The above cytokines were also elevated in the severe group compared to the control group
(P < 0.05). Furthermore, in contrast to the mild group, the severe group had substantially higher serum IFN-α and IL-2
concentrations than the control group (P < 0.05). However, serum IFN-α and IL-2 concentrations did not statistically differ
between the mild and control groups (P > 0.05). The severe group was also compared with the mild group in this study. It was
found that the concentrations of serum IL-2, IL-6, IL-8, IL-10, and IFN-α were higher in the severe group than in the mild
group (P < 0.05). However, IL-1β, IL-5, IFN-γ, and TNF-α levels were not conspicuously different between patients with
mild and severe aSAH (P > 0.05). In addition, no statistically significant differences were found in serum IL-4, IL-12p70, and
IL-17 concentrations in aSAH patients compared to healthy controls (P > 0.05; Table 2, Figure 1).

The Effects of Cytokines on the Prognosis of aSAH
Furthermore, WFNS, MFS, aneurysm diameter, neutrophils, white blood cell count, and blood glucose level were higher in
patients with poor prognosis than in patients with good prognosis. In contrast, lymphocyte count was lower in the poor prognosis
group than in the good prognosis group (P < 0.05). DCI, acute hydrocephalus, and SAH-associated pneumonia in the poor
prognosis group were evidently enhanced in the poor prognosis group versus the good prognosis group (P < 0.05). More
importantly, it was noted higher IL-1β, IL-5, IL-2, IL-6, IL-8, IL-10, IFN-α, IFN-γ, and TNF-α levels in the poor prognosis group
than in the good prognosis group (P < 0.05).
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Table 1 Baseline Characteristics and Clinical Data on the Admission in the Mild and Severe Groups

All Patients (n=206) Mild Group (n=117) Severe Group (n=89) P

Age, year, mean±SD 59.69±12.93 58.32±13.03 61.51±12.63 0.079
Gender, male, n(%) 97(47.09) 50(42.74) 47(52.81) 0.151

Smoking, n(%) 18(8.74) 8(6.83) 10(11.24) 0.268

Drinking, n(%) 12(5.83) 5(4.27) 7(7.87) 0.276
Hypertension, n(%) 121(58.74) 64(54.70) 57(64.04) 0.177

Diabetes, n(%) 28(13.59) 14(11.97) 14(15.73) 0.435

Time of illness onset, h 8(5~16.25) 8(5~17.5) 7(4~15.0) 0.106
MFS, median (IQR) 2(2~2) 2(1~2) 2(2~3) <0.001***

Aneurysm location
Anterior, n(%) 152(73.79) 83(70.94) 69(77.53) 0.287

Posterior, n(%) 54(26.21) 34(29.06) 20(22.47)

Multiple aneurysms, n(%) 35(16.99) 18(15.38) 17(19.10) 0.777
Aneurysmal diameter, mm 4.0(3.0~5.6) 4.0(3.0~5.3) 4.1(3.5~5.8) 0.089

Treatment

Clipping, n(%) 146(72.33) 84(71.79) 62(69.66) 0.757
Coiling, n(%) 51(24.8) 29(24.79) 22(24.72)

No treatment, n(%) 9(2.9) 4(3.42) 5(5.62)

Acute hydrocephalus, n(%) 36(17.48) 9(7.69) 26(29.21) <0.001***
DCI, n(%) 61(29.61) 24(20.51) 37(41.57) 0.001**

aSAH-Associated Pneumonia, n(%) 142(68.93) 59(50.43) 84(94.38) <0.001***

MAP, mmHg 105(95~116) 103(95~116) 106(95~118) 0.376
Laboratory examinations

WBC, 109/L, 10.45(8.20~13.20) 9.6(7.95~12.40) 11.4(9.25~15.65) 0.002**

Neutrophil count, 109/L, 8.62(6.34~11.53) 7.78(6.00~10.64) 9.42(7.42~13.72) <0.001***
Lymphocyte count, 109/L, 1.10(0.70~1.40) 1.1(0.80~1.40) 0.9(0.65~1.40) 0.023*

RBC, 109/L, 4.00±0.57 4.04±0.54 3.97±0.60 0.351

PLT, 109/L, 199.12±63.33 204.55±63.46 191.98±62.80 0.159
Blood glucose, mmol/L 7.10(6.18~8.50) 6.5(5.90~7.64) 7.9(6.65~9.65) <0.001***

Notes: *P < 0.05, **P < 0.01, ***P < 0.001 was considered significant.
Abbreviations: WBC, white blood cell count; PLT, platelet count; MAP, mean arterial pressure; DCI, delayed cerebral ischemia; aSAH, subarachnoid hemorrhage; SD,
standard deviation; IQR, interquartile range; MFS, modified Fisher score.

Table 2 Comparison of Inflammatory Cytokines Between Groups

Control Group (n=86) Mild Group (n=117) Severe Group (n=89)

IL-1β, pg/mL 1.18(0.46–7.74) 5.91(2.65–18.53)# 10.76(3.43–26.75)#

IL-2, pg/mL 1.19(0.58–1.63) 1.46(0.68–2.13) 1.77(1.02–3.39)#, †

IL-4, pg/mL 1.30(0.96–2.14) 1.36(0.90–1.94) 1.32(1.05–1.84)
IL-5, pg/mL 1.36(1.12–4.97) 4.65(2.06–7.18)# 4.13(1.23–7.78)#

IL-6, pg/mL 3.44(2.00–5.88) 10.26(5.2–21.41)#, † 37.33(7.86–200.80)#, †

IL-8, pg/mL 3.58(1.12–4.03) 9.77(2.01–9.54)# 2.11(2.83–21.50)#, †

IL-10, pg/mL 1.11(0.76–1.40) 1.40(1.03–1.90)# 1.65(1.18–2.69)#, †

IL-12p70, pg/mL 1.41(0.96–1.97) 1.48(0.95–2.12) 1.61(0.99–2.11)

IL-17, pg/mL 1.65(1.08–2.29) 1.63(1.02–2.05) 1.88(1.13–2.46)
IFN-α, pg/mL 1.23(0.64–3.18) 1.27(0.95–3.74) 2.43(1.34–4.37)#, †

IFN-γ, pg/mL 4.02(2.19–8.30) 6.02(3.01–11.41)# 6.63(3.57–12.7)#

TNF-α, pg/mL 1.36(0.95–2.55) 2.21(1.45–6.48)# 4.17(1.64–7.40)#

Notes: #P < 0.05 compared with the control group; †P < 0.05 compared with the mild group.
Abbreviations: IL-1β, interleukin-1βeta; IL-2, interleukin-2; IL-4, interleukin-4; IL-5, interleukin-5; IL-6, interleukin-6; IL-8, interleukin-8; IL-10,
interleukin-10; IL-12p70, interleukin-12p70; IL-17, interleukin-17; IFN-α, interferon-alpha; IFN-γ, interferon-gamma; TNF-α, tumor necrosis factor-
alpha.
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Meanwhile, the prognosis of aSAH patients is afflicted by several factors, especially WFNS, MFS, and DCI, which
were considered factors related to poor prognosis in previous studies. Therefore, to control the confounding factors in the
baseline that interfered with the prognosis, PSM was employed to correct the baseline. There was no significant
difference between groups after matching (P > 0.05). Even after matching, serum IL-2, IL-6, IL-8, IL-10, and TNF-α
levels were considerably higher in patients with poor prognosis than in those with good prognosis (P < 0.05). However, it
was also observed that the variability of IL-1β, IFN-α, and IFN-γ levels disappeared between groups. Imbalance in
baseline characteristics most likely to cause variability (P > 0.05) (Tables 3 and 4).

The Correlation Between Cytokines and Prognosis and Their Diagnostic Value
This research discovered that the serum concentrations of IL-2, IL-6, IL-8, IL-10, and TNF-α were augmented in patients
with poor prognosis in comparison to patients with good prognosis after matching by propensity score. First, the

Figure 1 Comparison of cytokines among the control, mild, and severe groups.
Notes: *p < 0.05, **p < 0.01, ***p < 0.001 was considered significant (Kruskal–Wallis test was used for statistical significance).
Abbreviations: (A) IL-1β, interleukin-1βeta; (B) IL-2, interleukin-2; (C) IL-4, interleukin-4; (D) IL-5, interleukin-5; (E) IL-6, interleukin-6; (F) IL-8, interleukin-8; (G) IL-10,
interleukin-10; (H) IL-12p70, interleukin-12p70; (I) IL-17, interleukin-17; (J) IFN-α, interferon-alpha; (K) IFN-γ, interferon-gamma; (L) TNF-α, tumor necrosis factor-alpha.
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correlation between inflammatory factors and mRS, a scale reflecting the prognosis of patients, was investigated. There
exhibited the positive correlations of IL-2, IL-6, IL-8, and IL-10 levels and mRS (r = 0.296, P = 0.007; r = 0.513,
P < 0.001; r = 0.345, P = 0.002; r = 0.432, P < 0.001). TNF-α shared a positive correlation with mRS, but it was not
statistically significant (r = 0.165, P = 0.142). Similarly, the ROC analysis revealed that the above cytokines could be
utilized as predictors for the favorable or poor prognosis of aSAH, with AUCs of 0.676, 0.794, 0.708, 0.746, and 0.643
for IL-2, IL-6, IL-8, IL-10, and TNF-α, respectively. Their best cut-off values for the diagnosis were 2.16 pg/mL, 34.32
pg/mL, 13.78 pg/mL, 2.16 pg/mL, and 5.91 pg/mL, respectively (Figure 2, Table 5).

Discussion
The association between serum levels of 12 cytokines and the severity and prognosis of patients with aSAH was assessed. We
revealed that the cytokines IL-1β, IL-2, IL-5, IL-6, IL-8, IL-10, IFN-α, IFN-γ, and TNF-α were elevated following aSAH,
among which IL-2, IL-6, IL-8, IL-10, and IFN-α were associated with the severity of aSAH. We further evaluated the
influences of the aforementioned cytokines on prognosis and found that the levels IL-1β, IL-5, IL-2, IL-6, IL-8, IL-10, IFN-α,
IFN-γ, and TNF-α were enhanced in patients with poor prognosis versus patients with good prognosis. Because the prognosis
of aSAH was impacted by numerous factors, the baseline was corrected by PSM. Following correction, the results manifested

Table 3 Comparison of Baseline Characteristics Before and After PSM in the Good and Poor Prognosis Groups

Pre-PS March P value Post-PS March P value

Good Prognosis
(n=143)

Poor Prognosis
(n=63)

Good Prognosis
(n=44)

Poor Prognosis
(n=37)

Age, year 59.41±12.54 60.35±13.86 0.631 61.09±11.20 60.89±13.69 0.943

Gender, male, n(%) 63(44.06) 34(53.97) 0.189 20(45.45) 19(51.35) 0.818

Smoking, n(%) 10(6.99) 8(12.70) 0.182 4(9.09) 4(10.81) 1.000

Drinking, n(%) 7(4.90) 5(7.94) 0.592 3(6.82) 3(8.11) 1.000

Hypertension, n(%) 79(55.24) 42(66.67) 0.125 25(56.82) 23(62.16) 0.626

Diabetes, n(%) 15(10.49) 13(20.63) 0.050 6(13.64) 3(8.11) 0.664

Time of illness onset, h 8(5–17) 8(4–16) 0.383 7.5(5.0–12.75) 8.0(5.0–16.50) 0.665

MFS, median (IQR) 2(1–2) 3(2–3) <0.001*** 2(2–3) 2(2–3) 0.141

WFNS grade, median (IQR) 2(1–3) 4(2–4) <0.001*** 4(2–4) 4(4–4) 0.059

Aneurysm location

Anterior, n(%) 102(71.33) 50(79.37) 0.227 34(77.27) 28(75.68) 0.866

Posterior, n(%) 41(28.67) 13(20.63) 10(22.73) 9(24.32)

Multiple aneurysms, n(%) 25(17.48) 10(15.87) 0.777 7(15.91) 6(16.22) 0.970

Aneurysmal diameter, mm 4.0(3.5–5.05) 4.1(3.2–6.0) 0.029* 4.0(3.0–5.0) 4.4(3.5–6.3) 0.080

Treatment

Clipping, n(%) 98(68.53) 48(76.19) 25(56.82) 27(72.97)

Coiling, n(%) 38(26.57) 13(20.63) 0.592 16(36.36) 8(21.62) 0.326

No treatment, n(%) 7(8.39) 2(3.17) 3(6.82) 2(5.41)

Acute hydrocephalus, n(%) 12(8.39) 23(36.51) <0.001*** 11(25.00) 11(29.73) 0.634

aSAH-Associated Pneumonia, n

(%)

84(58.74) 59(93.65) <0.001*** 35(79.55) 33(89.19) 0.239

DCI, n(%) 29(20.28) 32(50.79) <0.001*** 17(38.64) 16(43.24) 0.674

Laboratory examinations

WBC, 109/L, 10.10(8.10–12.80) 11.70(8.80–15.10) 0.019* 12.02±3.55 11.34±4.92 0.477

Neutrophil count, 109/L, 8.09(6.17–11.10) 10.23(7.27–13.08) 0.006** 10.20±3.37 9.72±4.65 0.597

Lymphocyte count, 109/L, 1.10(0.80–1.40) 0.80(0.60–1.30) 0.004** 1.1(0.7–1.4) 0.8(0.6–1.2) 0.083

RBC, 109/L, 4.02(3.66–4.42) 3.96(3.47–4.33) 0.099 4.06±0.61 3.98±0.58 0.567

PLT, 109/L, 197(162–241) 178(135–231) 0.085 207.23±56.28 195.84±80.70 0.458

Blood glucose, mmol/L 6.8(5.9–8.1) 7.9(6.7–9.8) <0.001*** 7.3(6.3–9.1) 7.6(6.3–8.6) 0.835

Notes: *P < 0.05, **P < 0.01, ***P < 0.001 was considered significant, and no statistically significant difference after matching.
Abbreviations: WBC, white blood cell count; PLT, platelet count; MAP, mean arterial pressure; DCI, delayed cerebral ischemia; aSAH, subarachnoid hemorrhage; SD,
standard deviation; IQR, interquartile range; MFS, modified Fisher score; WFNS, World Federation of Neurological Surgeons.
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that only five cytokines, IL-2, IL-6, IL-8, IL-10, and TNF-α, were still remarkably elevated in the poor prognosis group
compared to the good prognosis group. Our research further evaluated the predictive value of these five cytokines for the
prognosis of aSAH patients, which confirmed that IL-6 had the optimal predictive value. A positive correlation was noted
between IL-6 level and the increased mRS score that reflected the prognosis of patients. Meanwhile, TNF-α had a relatively
poor predictive value and did not correlate with the mRS score.

Upregulated inflammatory cytokines in the serum of aSAH patients reflect the significant inflammatory load of the
organism during the early stages of diseases. When the aneurysm ruptures, a large amount of blood rush into the
subarachnoid space, thus triggering a cascade of inflammatory responses. At this time, the immune cells (especially
oligodendrocytes and astrocytes) inherent in the central nervous system are activated and release chemokines,13 which
results in the recruitment of a large number of immune cells, especially neutrophils, in the peripheral blood into the
subarachnoid,14 the secretion of pro-inflammatory cytokines, and the further exacerbation of inflammation. Although
a mild inflammation is thought to aid in injury repair, excessive inflammation can aggravate brain edema, mitochondrial
dysfunction, disruption of the blood-brain barrier (BBB), and neuronal apoptosis, all of which cause the further
impairment of consciousness and are believed to contribute to the poor prognosis of patients with aSAH.15,16 In addition,
inflammation activation also occurs in the peripheral immune system.17 Immune cell activation in the peripheral blood
after aSAH is influenced by the sympathetic nervous system and the hypothalamic-pituitary-adrenal regulation.18

Changes in the peripheral inflammatory state and associated symptoms can manifest as systemic inflammatory response
syndrome (SIRS), which triggers leukocytosis, lymphocytopenia, and cytokine release.19

Due to the disruption of BBB caused by local inflammation within the brain, plenty of inflammatory factors and
neutrophils from peripheral blood enter the brain,20 further amplifying the intracranial inflammation. This vicious cycle
may exacerbate the complications of brain injury. Among prior studies, Beseoglu et al21 found that the blood glucose
level on admission was correlated with poor neurological status, which might be associated with the SIRS induced by
aSAH and the release of inflammatory cytokines that aggravate stress response. Zeng et al22 discovered a positive
correlation between neutrophil count and the severity of the condition. Also, Al-Mufti et al23 observed a correlation
between the neutrophil to lymphocyte ratio at the time of admission and the condition of patients. Existing studies have
validated SIRS as an independent risk factor for DCI, HCP, and other related complications.24 These findings are
concordant with our results observed at baseline, indicating that the more intense the inflammation, the more severe the
condition of aSAH, which is most prominently characterized by a persistent increase in the degree of impaired
consciousness in patients. The early onset of impaired consciousness in aSAH (generally no longer than 72 h; commonly

Table 4 Comparison of Inflammatory Cytokine Profiles Before and After PSM in the Good and Poor Prognosis Groups

Pre-PS March P value Post-Ps March P value

Good Prognosis
(n=143)

Poor Prognosis
(n=63)

Good Prognosis
(n=44)

Poor Prognosis
(n=37)

IL-1β, pg/mL 6.29(2.36–18.58) 12.24(5.24–29.89) 0.012* 6.80(2.06–17.01) 8.91(3.92–34.53) 0.098
IL-2, pg/mL 1.4(0.69–2.13) 2.29(1.21–4.00) <0.001*** 1.52(0.71–2.09) 2.62(0.97–4.22) 0.007**

IL-4, pg/mL 1.39(0.95–1.88) 1.33(1.01–1.81) 0.746 1.36(1.22–2.19) 1.52(0.96–1.93) 0.824

IL-5, pg/mL 3.76(1.06–6.65) 4.85(2.36–7.45) 0.041* 4.20(1.97–8.58) 3.22(0.97–7.17) 0.355
IL-6, pg/mL 9.98(5.00–21.11) 84.05(28.70–524.61) <0.001*** 14.39(5.71–33.44) 62.16(25.52–351.46) <0.001***

IL-8, pg/mL 3.65(1.75–9.72) 11.50(4.53–28.04) <0.001*** 4.18(1.35–10.76) 10.79(2.76–35.41) 0.001**

IL-10, pg/mL 1.42(1.07–1.80) 2.07(1.38–4.66) <0.001*** 1.44(1.16–1.87) 2.24(1.50–4.11) <0.001***
IL-12p70, pg/mL 1.53(0.96–2.07) 1.65(0.98–2.36) 0.238 1.43(0.96–2.00) 1.66(1.07–2.43) 0.099

IL-17, pg/mL 1.63(1.08–2.21) 1.88(1.29–2.46) 0.182 1.65(1.10–2.34) 1.93(1.20–2.90) 0.358

IFN-α, pg/mL 1.36(0.95–3.77) 2.87(1.32–4.96) 0.017* 1.87(0.96–3.87) 3.21(0.98–5.93) 0.288
IFN-γ, pg/mL 5.87(3.00–10.59) 7.77(4.28–15.04) 0.023* 4.75(2.71–9.19) 8.77(4.11–15.09) 0.053

TNF-α, pg/mL 2.19(1.36–5.71) 5.85(1.91–8.75) 0.001** 2.04(1.36–5.44) 4.95(1.70–9.51) 0.028*

Notes: *P < 0.05, **P < 0.01, ***P < 0.001 was considered significant.
Abbreviations: IL-1β, interleukin-1βeta; IL-2, interleukin-2; IL-4, interleukin-4; IL-5, interleukin-5; IL-6, interleukin-6; IL-8, interleukin-8; IL-10, interleukin-10; IL-12p70,
interleukin-12p70; IL-17, interleukin-17; IFN-α, interferon-alpha; IFN-γ, interferon-gamma; TNF-α, tumor necrosis factor-alpha.
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the patients with WFNS classification ≥ 4) can also be regarded as a result of early brain injury (EBI). EBI has been a hot
topic of research in recent years, with complex pathophysiological mechanisms, among which inflammation is a vital
one.25 Inflammation also was observed in the severe group of our research, where the aforementioned inflammatory
indexes were appreciably higher in patients with severe aSAH than in patients with mild aSAH, corroborating the
correlation of EBI with inflammation.

In addition to leukocytes, cytokines, as inflammatory markers, were previously reported to be augmented following
aSAH.26 In the present study, nine cytokines were upregulated, while IL-4, IL-12p70, and IL-17 levels were not
statistically different in patients with aSAH compared with controls. IL-4 is considered an anti-inflammatory cytokine

Figure 2 Correlation of serum IL-2, IL-6, IL-8, IL-10, and TNF-α with mRS scores and ROC curves for their prognosis prediction in patients with aSAH.
Note: P and rs values are indicated, and Spearman correlation test was used.
Abbreviations: (A) IL-2, interleukin-2; (B) IL-6, interleukin-6; (C) IL-8, interleukin-8; (D) IL-10, interleukin-10; (E) TNF-α, tumor necrosis factor-alpha; (F) ROC, receiver
operating characteristic.

Table 5 The Diagnostic Efficacy of IL-2, IL-6, IL-8, IL-10, and TNF-α in Patients with aSAH

Indicator Cut-off Value Sensitivity (%) Specificity (%) Youden Index AUC (95% CI) P

IL-2, pg/mL 2.16 60 77 0.37 0.676(0.554–0.798) 0.007

IL-6, pg/mL 34.32 70 77 0.48 0.794(0.695–0.893) < 0.001

IL-8, pg/mL 13.78 49 84 0.33 0.708(0.595–0.821) 0.001
IL-10, pg/mL 2.16 54 93 0.47 0.746(0.632–0.861) < 0.001

TNF-α, pg/mL 5.91 49 84 0.33 0.643(0.519–0.766) 0.028

Abbreviations: IL-2, interleukin-2; IL-6, interleukin-6; IL-8, interleukin-8; IL-10, interleukin-10; TNF-α, tumor necrosis factor-alpha; AUC, area under curve; CI, confidence
interval.
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with neuroprotective and cognitive improvement impacts in neurodegenerative diseases,27 which was not found to be
increased in aSAH in our study. The cytokines, IL-5 and IL-10, are also documented to assume a pivotal anti-
inflammatory role. Although IL-5 has been elaborated as a cerebroprotective agent that dampens the inflammation in
ischemic stroke,28 its role in hemorrhagic stroke, particularly aSAH, remains enigmatic. There has hitherto been little
research about the precise role of elevated IL-5 in aSAH though no difference in IL-5 expression was observed between
mild and severe patients in our study and IL-5 was not utilized as a predictor of disease outcome. Future research about
IL-5 should focus on the elucidation of the molecular mechanism underlying IL-5 induction in aSAH. Also, researches
with larger sample sizes and a higher level of evidence in clinical studies are warranted.

Although IL-10 is regarded as an anti-inflammatory cytokine, its elevation in both hemorrhagic and ischemic stroke
correlates to the severity of disease and poorer prognosis in patients,29,30 which is concurrent with the observation of this
study. At present, it is believed that the increased levels of IL-10 reflect the balance between pro-inflammatory cytokines
and anti-inflammatory cytokines. High levels of IL-10 are thought to be caused by an overreaction to an inflammatory
stimulus. Studies have confirmed the significant correlation between IL-10 and the pro-inflammatory cytokine IL-6,31 and
IL-10 plays an immunosuppressive role in balancing the inflammatory response and increases the risk of infection.29 In
short, IL-10 can inhibit inflammation, however, its anti-inflammatory effects are masked by a large number of pro-
inflammatory cytokines released. IL-17 is a pro-inflammatory cytokine that plays a part in the disruption of BBB and the
progression of brain injury in ischemic stroke.32 However, its influence remains under-studied in hemorrhagic stroke.
Chaudhry et al33 found the elevation of IL-17 level after aSAH, whereas it was not associated with clinical outcomes.
Our research unveiled no marked enhancement of IL-17 level. The different conclusions may be related to the sample
size, and the role IL-17 assumes in aSAH still needs to be studied prospectively in studies with a larger sample. IL-12p70
plays an essential role as the principal component of IL-12 that exerts biological effects on numerous autoimmune
diseases or chronic diseases, like multiple sclerosis, diabetes, and psoriasis.34 In the present research, no noticeable
augmentation of IL-12p70 was found in aSAH, which might be explained by the fact that IL-12 does not play an
important role in diseases with acute onset and rapid progression. In addition to IL-10, the cytokines associated with
disease severity were IL-2, IL-6, IL-8, and IFN-α. Previously, upregulated IL-6 and IL-8 were associated with disease
severity,8,35 whereas there are no clinical studies on the relationship between IL-2 and IFN-α levels with aSAH. Our
findings demonstrated no difference in IL-2 and IFN-α levels between patients with mild aSAH and healthy populations.
Interestingly, IL-2 and IFN-α levels were observably higher in severe patients, and IL-2 was associated with the poor
prognosis of aSAH in a follow-up study. Small doses of IL-2 may exhibit a therapeutic effect on rats with SAH and
improve the prognosis of rats.36 In this regard, we speculate that low serum IL-2 levels may act as a protective factor
against aSAH. Nonetheless, the toxic concentration of IL-2 may be more significant than a specific threshold. Some
studies have unraveled that the in vivo injection of IL-2 at a high concentration can induce lymphocyte apoptosis37 and
exert multi-organ toxic effects on the nervous system, heart, and kidneys,38 which may explain why high IL-2 level is
associated with the poor prognosis of aSAH. IFN-α expression increases early in inflammation and further amplifies the
inflammation, thus having a detrimental effect on brain injury.39 For the first time, our research presented a substantial
increase in IFN-α expression in patients with severe aSAH, suggesting that IFN-α might be a helpful reference marker for
the severity of aSAH. In conclusion, the comparative analysis of cytokines in our research revealed that during the early
stages of aSAH, the body exhibited systemic inflammation due to stress and bleeding. Among the elevated cytokines,
pro-inflammatory cytokines were predominant, whereas anti-inflammatory cytokines were not dramatically elevated. The
sharp increase of these pro-inflammatory cytokines was particularly obvious in patients with severe aSAH. Inflammation
tended to be amplified in individuals with severe aSAH.

We continued to dissect the relationship between the prognosis of patients and the levels of inflammatory cytokines.
The data uncovered that several cytokines showed signally higher serum levels in patients with poor prognosis than in
those with good prognosis. Intriguingly, these cytokines related to prognosis were consistent with the elevated inflam-
matory cytokines following aSAH, revealing that the prognosis of aSAH was relatively poor when patients developed
robust inflammation. However, when baseline data were compared between patients with good and poor prognoses, it
was discovered that patients with poor prognoses had higher WFNS grade and MFS, more extensive aneurysms, and the
same variability in leukocytes, neutrophils, lymphocytes, and glucose. Corroborating findings were reported in a previous
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study,40 where factors, such as the severity of disease and bleeding volume could affect the prognosis of aSAH patients.
Additionally, this previous study indicated the same differences in the levels of inflammatory cytokines between patients
with severe and mild aSAH. Several confounding factors may afflict the elevated cytokines in the serum of patients with
poor prognosis. Hence, we further assessed the level of which serum cytokine differed between patients with good and
poor prognoses given the same baseline information. Two cohorts were screened using PSM, and the baseline informa-
tion was deemed statistically indistinguishable. It was manifested in our research that in the matched cohort, serum IL-2,
IL-6, IL-8, IL-10, and TNF-α levels remained higher in the poor prognosis group than in the good prognosis group.
Simultaneously, the variability of IL-1β, IL-5, IFN-α, and IFN-γ disappeared between the two groups. These results
illustrated that the upregulation of five cytokines, IL-2, IL-6, IL-8, IL-10, and TNF-α, in the early stage of the disease
could predict the poor prognosis of patients under the exact condition of disease severity and bleeding. In this regard, the
ROC curve was applied to assess the predictive value of these five cytokines for poor prognosis, and the AUC value was
utilized to identify their predictive ability. The predictive values were IL-6, IL-10, IL-8, IL-2, and TNF-α in descending
order. The same conclusion was obtained in the correlation analysis of these five cytokines with mRS. Specifically, IL-6
level was positively correlated with mRS score with the strongest correlation, while TNF-α level was statistically
insignificant although it shared a positive correlation with mRS scores.

Controlling as many confounding factors as possible, these five cytokines were associated with a poor prognosis.
They could serve as biomarkers to predict prognosis, thus providing a potential target for the future treatment of aSAH.
Admittedly, inflammation is currently thought to play a key role in the pathophysiological mechanisms of aSAH. Still,
the role of inflammation is complicated, and its impacts on the organism cannot be solely seen as causing damage.
Therefore, it seems undesirable to completely repress inflammation.41 Instead, the treatment of diseases by immunomo-
dulation should consider the more precise and selective blocking of the harmful effects of inflammation. Currently, it has
been documented that the peripheral inflammation in aSAH can be diminished using the IL-1 receptor antagonist, IL-
1Ra, but further researches are warranted to validate whether it can improve the prognosis.42 In the future, more in-depth
studies on the pathways and interventions of other cytokines, such as IL-2, IL-6, and IL-10, may indicate new avenues
for the treatment of aSAH.

Despite these encouraging observations, the current study has to be interpreted as hypothesis-generating due to
several limitations. First, although PSM was utilized in this study to control confounding factors, we could not control
for many potential confounding variables that could interfere with the results. Second, the dynamic changes in cytokines
over time following aSAH are not clearly defined. The prognostic value of cytokines for aSAH at different time points
needs further investigation. Moreover, due to related data insufficiency, the correlation between cytokine levels and
other markers of acute inflammation has not been fully evaluated. Lastly, the sample size of this single-center study was
small. The conclusions obtained are warranted to be further verified by multi-center and extensive sample clinical
studies.

Conclusion
In summary, this study confirmed that systemic inflammation occurred early after aSAH and that the expression of
inflammatory factors was related to the severity of the disease. The inflammatory markers, IL-6, IL-10, IL-8, IL-2, and
TNF-α, could be adopted to predict the poor prognosis of aSAH, which may become potential therapeutic targets for
clinical use in the future.

Abbreviations
aSAH, aneurysmal subarachnoid hemorrhage; SAH, subarachnoid hemorrhage; IFN, interferon; WFNS, World
Federation of Neurosurgery Surgeons; MFS, modified Fisher Scale; PS, propensity score; PSM, PS matching; ROC,
receiver operating characteristic; AUC, area under the curve; SIRS, systemic inflammatory response syndrome; EBI,
early brain injury; CSF, cerebrospinal fluid.
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