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Background: Despite the widespread use in ischemic stroke, cancer, and 
malnutrition, the predictive ability of serum albumin to globulin ratio (A/G) 
among patients suffering from aneurysmal subarachnoid hemorrhage (aSAH) 
remains unknown. This study aimed to determine if serum A/G ratio is associated 
with the occurrence of delayed cerebral ischemia (DCI) after aSAH.

Methods: We retrospectively viewed the medical records of aSAH patients from 
08/2017 to 08/2022. Serum albumin and globulin laboratory test results were 
collected within 24 hours after admission. Serum A/G were dichotomized based 
on whether the DCI occurred. Logistic regression was used to determine the 
predictors of DCI. The relationship between serum A/G and the occurrence of 
DCI was analyzed with receiver operating characteristic(ROC) curve.

Results: A total of 363 eligible patients with aSAH were included in the study, 
among which DCI occurred in 87 patients(23.97%). Serum A/G[OR=2.720, 
95%CI (1.190-6.270), P=0.018], non-surgical[OR=0.228, 95%CI (0.065-0.621), 
P=0.008], lactate dehydrogenase[OR=1.004, 95%CI (1.000-1.008), P=0.029], 
P[OR=0.354, 95%CI (0.130-0.926), P=0.038], plasma fibrinogen[OR=1.266, 
95%CI (1.019-1.583), P=0.035] were associated with the occurrence of DCI. ROC 
showed that serum A/G, non-surgical, LDH, P, plasma fibrinogen could predict 
the occurrence of DCI in aSAH patients with values 0.575, 0.560, 0.602, 0.571 
and 0.539 for serum A/G, non-surgical, LDH, P, plasma fibrinogen, respectively.

Conclusions: In conclusion, serum A/G levels are correlated with DCI in 
individuals with aSAH, and high serum A/G levels on admission may be associated 
with the occurrence of DCI.
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1 Introduction

Subarachnoid hemorrhage (SAH) poses a serious risk to public 
health worldwide, with a mortality rate of approximately 50%, primarily 
attributed to ruptured intracranial aneurysms (1). Despite advances in 
neurocritical care, aneurysmal SAH (aSAH) is associated with a greater 
burden to society and a decreased quality of life (2). Delayed cerebral 
ischemia (DCI) is the most prevalent complication in patients with 
aSAH, affecting up to 30% of survivors 4–14 days after intracranial 
aneurysm rupture (3). Moreover, DCI is a preventable factor that leads 
to poor prognosis and a decreased quality of life among aSAH survivors 
(3). Therefore, predicting DCI in patients with aSAH is crucial (4).

Serum albumin plays essential roles in several physiological processes; 
it has diverse biological effects and is a predictor of nutritional status (5). 
Albumin protects against disorders of the central nervous system, such as 
ischemic stroke, Alzheimer’s disease, and SAH (6). In addition to albumin 
levels, inflammatory responses after SAH are associated with poor 
functional outcomes (7). The serum albumin to globulin ratio (A/G), 
determined by dividing serum albumin values by serum globulin values, 
is an indicator of inflammation and nutrition and is involved in predicting 
cancer (8), severe liver disease (9), malnutrition (10), and rheumatic 
disease. Serum A/G levels are associated with cognitive decline (11), and 
lower blood A/G ratios have been linked to poor functional outcomes and 
mortality in patients with ischemic stroke (12). Nonetheless, the 
relationship between serum A/G ratio and DCI after aSAH is uncertain. 
Therefore, this study aimed to determine whether blood A/G levels are 
associated with the development of DCI in patients with aSAH.

2 Materials and methods

2.1 Design and patients

This single-center, observational, respective cohort study included 
363 eligible patients (mean age, 57 y; women, n = 207 [57.0%]) with 
aSAH (Figure  1) among whom, 87 had DCI. These patients were 
admitted to the Second Affiliated Hospital of Fujian Medical University 
between August 2017 and August 2022 and data collected for research 
purposes was accessed in September 2022. This study complied with 
the Reporting of Enhanced Observational Studies in Epidemiology 
guidelines (13). We confirmed SAH upon admission using lumbar 
puncture and computed tomography (CT) according to these 
guidelines (14). Ruptured brain aneurysms causing SAH were 
confirmed using CT angiography (CTA) or digital subtraction 
angiography (DSA). Patients with SAH secondary to perimesencephalic 
hemorrhage, SAH associated with trauma, rupture of arteriovenous 
malformations, or other causes, and those aged ≤18 years were 
excluded from this study. The Institutional Review Board of Fujian 
Medical University’s Second Affiliated Hospital in China (Approval no: 
623/2023) approved the protocol of the study and waived informed 
consent requirements because of the retrospective nature of the study.

2.2 Data collection and interpretation

We reviewed patient electronic medical records and obtained 
laboratory, clinical, and demographic information from our secure 

in-house database. We diagnosed DCI based on published guidelines (3), 
and considered focal neurological impairment (aphasia, hemiplegia, and 
hemi blindness) or at least a 2-point reduction in either total Glasgow 
Coma Scale (GCS) scores (or scores for individual components, namely, 
eye-opening and speech responses, and limb movement), and deemed 
not attributable to other clinical causes, brain imaging, and laboratory 
findings. Cerebral infarction was defined as a new infarct detected on CT 
that was not evident on images acquired immediately after admission or 
intervention. Other outcomes measured included pulmonary and 
intracranial infection, acquired epilepsy, hydrocephalus, anemia, 
hyperlipidemia, and cardiac insufficiency.

The baseline characteristics determined from medical records 
comprised age, sex, medical history (stroke, hypertension, diabetes, 
myocardial infarction, smoking, and alcohol consumption), systolic 
blood pressure (SBP) upon admission, pupillary state, aneurysm location 
(anterior or posterior circulation), surgical clipping, or embolization. 
Two neurosurgeons (ZP and XH) collected the Hunt–Hess, World 
Federation of Neurological Societies Scale (WFNS), and GCS clinical 
scores for all patients upon admission as per standard protocol. 
Laboratory data collected within 24 h after admission comprised routine 
biochemical, blood, and coagulation function indices.

2.3 Statistical analysis

All data were analyzed using SPSS version 28.0 (IBM Corp. Armonk, 
NY, USA). Descriptive characteristics are expressed as numbers and 
ratios (%), medians, and interquartile ranges (IQRs). Nominal variables 
were assessed using Fishers exact or Pearson’s chi-square tests. 
Continuous variables were assessed using Mann–Whitney or Kruskal–
Wallis tests depending on their distribution. DCI predictors were 
assessed using logistic regression. Variables with a p-value <0.1 in the 
univariate logistic regression analyses were included in the multivariate 
logistic regression models. In the final multivariate model, predictor 
variables with a p-value <0.05 were considered to have a significant 
association. Additionally, to handle the missing data in this study, 
multiple imputation was employed in the multivariable model. 
Laboratory values were adjusted using covariates. The relationship 
between the A/G and DCI was analyzed using receiver operating 
characteristic (ROC) curves and the ideal cut-off value was determined 
using the Youden index. Values with p < 0.05 were considered statistically 
significant unless otherwise specified.

3 Results

3.1 Baseline characteristics

Table  1 shows the patient demographic information and 
laboratory data collected within 24 h of admission. Median serum 
globulin was lower (24.40 vs. 26.05 g/L, p = 0.011) and median serum 
A/G was higher (1.50 vs. 1.42 g/L, p = 0.038) in patients with DCI than 
in those without, whereas serum albumin values did not differ 
significantly between these groups (38.45 vs. 37.80 g/L, p = 0.977).

Univariate logistic regression analysis of serum A/G [odds ratio 
(OR), 2.336; 95% confidence interval (CI), 1.061–5.186; p = 0.035], 
non-surgical treatment (OR, 0.247; 95% CI, 0.073–0.634; p = 0.009), 
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serum LDH (OR, 1.004, 95% CI, 1.000–1.007; p = 0.025), serum 
phosphorus (OR, 0.362, 95% CI, 0.140–0.902; p = 0.032), and 
plasma fibrinogen (OR, 1.251, 95% CI, 1.021–1.536; p = 0.03) 
revealed significant differences in the occurrence of DCI in patients 
with aSAH (Table 2). Furthermore, univariate logistic regression of 
DCI predictors showed that conservative treatment without surgical 
intervention was more likely to be administered to patients with 
DCI than without (OR, 0.142, 95% CI, 0.039–0.390; p = 0.001). 
Multivariable logistic regression revealed that serum A/G (OR, 
2.720, 95% CI, 1.190–6.270; p = 0.018), non-surgical treatment (OR, 
0.228, 95% CI, 0.065–0.621; p = 0.008), lactate dehydrogenase (OR, 
1.004, 95% CI, 1.000–1.008; p = 0.029), phosphorous (OR, 0.354, 
95% CI, 0.130–0.926; p = 0.038), and plasma fibrinogen (OR, 1.266, 
95% CI, 1.019–1.583; p = 0.035) were significantly associated with 
DCI in patients with aSAH. The results of the ROC analysis showed 
that higher serum A/G, non-surgical treatment, higher lactate 
dehydrogenase (LDH), lower phosphorous, and higher plasma 
fibrinogen were associated DCI occurrence in patients with aSAH, 
with values of 0.575, 0.560, 0.602, 0.571, and 0.539, respectively 
(Figure 2A). The area under the ROC curve (AUC) for the model 

of combined serum A/G, nonsurgical treatment, LDH, 
phosphorous, and plasma fibrinogen was 0.669 (Figure 2B). Given 
the complexity of the multivariable logistic regression model used 
in the study, there is a potential risk of overfitting. We therefore 
adopted a 10-fold cross-validation method, wherein the data set was 
divided into 10 parts, to validate each prediction model and ensure 
generalizability. Training was performed on nine parts, while 
testing was conducted on the remaining one part; the process was 
repeated until all parts had been tested. The average AUC value of 
the model was 0.823, as demonstrated by the 10-fold cross-
validation, proving good model diagnostic efficacy. The optimal 
cutoff value for serum A/G was 1.68, with a sensitivity and 
specificity of 67.4 and 63.5%, respectively, and a Youden index 
of 0.31.

4 Discussion

In this study, we aimed to determine whether blood A/G levels 
were associated with the development of DCI in patients with aSAH, 

FIGURE 1

Flow chart of patient profile. DCI, delayed cerebral ischemia; SAH, subarachnoid hemorrhage; aSAH, aneurysmal subarachnoid hemorrhage; A/G, 
serum albumin to globulin ratio.
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TABLE 1 Baseline characteristics of patients with aSAH with and without DCI.

Variable Total DCI Non-DCI p value

Demographics

Sex (%)

  Male 156 (43.0) 37 (42.5) 119 (43.1) 0.923

  Female 207 (57.0) 50 (57.5) 157 (56.9)

Age grade (%)

  1 215 (59.2) 50 (57.5) 165 (59.8) 0.702

  2 148 (40.8) 37 (42.5) 111 (40.2)

Age 57.00 (49.00, 66.50) 58.00 (48.50, 66.00) 56.00 (49.00, 67.00) 0.752

Clinical data

Surgical grading (%)

  Grade 1 187 (51.5) 51 (58.6) 136 (49.3) 0.003*

  Grade 2 116 (32.0) 32 (36.8) 84 (30.4)

  Grade 3 60 (16.5) 4 (4.6) 56 (20.3)

Position (%)

  1 333 (93.0) 82 (94.3) 251 (92.6) 0.603

  2 25 (7.0) 5 (5.7) 20 (7.4)

Cerebral infarction (%)

  No 357 (98.3) 87 (100.0) 270 (97.8) 0.166

  Yes 6 (1.7) 0 (0.0) 6 (2.2)

Myocardial infarction (%)

  No 315 (96.9) 75 (98.7) 240 (96.4) 0.31

  Yes 10 (3.1) 1 (1.3) 9 (3.6)

GSC grading (%)

  Grade 1 81 (22.3) 17 (19.5) 64 (23.2) 0.77

  Grade 2 71 (19.6) 18 (20.7) 53 (19.2)

  Grade 3 211 (58.1) 52 (59.8) 159 (57.6)

WFNS on admission (%)

  Grade 1 146 (40.2) 34 (39.1) 112 (40.6) 0.585

  Grade 2 54 (14.9) 16 (18.4) 38 (13.8)

  Grade 3 19 (5.2) 6 (6.9) 13 (4.7)

  Grade 4 97 (26.7) 23 (26.4) 74 (26.8)

  Grade 5 47 (12.9) 8 (9.2) 39 (14.1)

Hunt–Hess on admission (%)

  Grade 1 39 (10.7) 12 (13.8) 27 (9.8) 0.679

  Grade 2 134 (36.9) 27 (31.0) 107 (38.8)

  Grade 3 98 (27.0) 24 (27.6) 74 (26.8)

  Grade 4 62 (17.1) 16 (18.4) 46 (16.7)

  Grade 5 30 (8.3) 8 (9.2) 22 (8.0)

Dilated pupils (%)

  No 338 (93.1) 80 (92.0) 258 (93.5) 0.78

  Unilateral 16 (4.4) 5 (5.7) 11 (4.0)

  Bilateral 9 (2.5) 2 (2.3) 7 (2.5)

Drinking history (%)

  No 332 (91.5) 80 (92.0) 252 (91.3) 0.85

  Yes 31 (8.5) 7 (8.0) 24 (8.7)

(Continued)
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and found a significant relationship between the prevalence of DCI 
and higher serum A/G ratios in patients with aSAH (Figure 3). The 
correlation strength was further improved when LDH, phosphorous, 

plasma fibrinogen, and non-surgical treatment were included in the 
multivariable logistic regression analysis, increasing the correlation 
with DCI.

TABLE 1 (Continued)

Variable Total DCI Non-DCI p value

Smoking history (%)

  No 322 (88.7) 79 (90.8) 243 (88.0) 0.478

  Yes 41 (11.3) 8 (9.2) 33 (12.0)

Diabetes (%)

  No 330 (90.9) 81 (93.1) 249 (90.2) 0.414

  Yes 33 (9.1) 6 (6.9) 27 (9.8)

Hypertension (%)

  No 181 (49.9) 44 (50.6) 137 (49.6) 0.879

  Yes 182 (50.1) 43 (49.4) 139 (50.4)

Systolic blood pressure 156.00 (138.00, 177.00) 157.00 (136.00, 178.50) 155.00 (138.00, 175.00) 0.633

Laboratory data

Total bilirubin 64.00 (59.85, 69.25) 63.50 (58.20, 68.50) 64.20 (60.45, 69.30) 0.298

Albumin 38.30 (34.65, 41.25) 37.80 (33.90, 42.30) 38.45 (34.73, 41.00) 0.977

Blood urea nitrogen 4.42 (3.50, 5.60) 4.56 (3.65, 5.57) 4.40 (3.48, 5.61) 0.579

Creatinine 60.30 (50.38, 73.85) 60.00 (50.80, 69.80) 60.50 (50.30, 75.20) 0.68

Blood urea nitrogen/creatinine 2.92 (1.43, 4.55) 3.10 (1.42, 4.57) 2.86 (1.44, 4.44) 0.422

Uric acid 262.50 (189.00, 342.50) 268.00 (197.50, 349.50) 261.00 (188.00, 341.00) 0.739

Glucose on admission day/day 2 8.18 (6.95, 10.00) 8.28 (7.00, 10.21) 8.12 (6.87, 9.92) 0.545

Total cholesterol 4.26 (3.62, 4.98) 4.16 (3.58, 4.87) 4.26 (3.66, 5.04) 0.257

Triglyceride 1.02 (0.72, 1.47) 1.02 (0.80, 1.51) 1.02 (0.69, 1.44) 0.446

High density lipid-cholesterol 1.20 (0.94, 1.47) 1.21 (0.88, 1.59) 1.19 (0.95, 1.45) 0.768

Low-density lipoprotein cholesterol 2.46 (1.97, 3.08) 2.37 (1.89, 2.83) 2.50 (1.98, 3.18) 0.129

Creatine kinase 150.30 (68.00, 384.00) 184.00 (72.50, 449.00) 140.10 (67.25, 333.32) 0.142

Lactate dehydrogenase 184.65 (155.00, 221.00) 204.95 (172.57, 223.65) 180.00 (150.57, 219.68) 0.006*

K 3.58 (3.29, 3.90) 3.60 (3.26, 3.91) 3.58 (3.30, 3.88) 0.924

Na 139.00 (137.00, 141.90) 139.00 (136.70, 141.40) 139.00 (137.02, 142.00) 0.345

A/G 1.44 (1.26, 1.68) 1.50 (1.31, 1.75) 1.42 (1.25, 1.65) 0.038*

Globulin 25.80 (23.10, 29.60) 24.40 (22.00, 28.00) 26.05 (23.70, 29.80) 0.011*

Phosphorus 0.82 (0.64, 1.00) 0.77 (0.61, 0.97) 0.84 (0.66, 1.02) 0.088

White blood cell 12.31 (9.70, 15.86) 12.93 (10.37, 15.25) 12.19 (9.60, 16.00) 0.342

Neutrophils 10.21 (7.56, 13.38) 10.90 (8.71, 13.43) 10.01 (7.30, 13.37) 0.135

Lymphocyte 1.30 (0.93, 1.85) 1.27 (0.84, 1.71) 1.32 (0.93, 1.88) 0.199

Red blood cell 4.42 (4.01, 4.83) 4.44 (3.98, 4.91) 4.40 (4.02, 4.80) 0.648

Hemoglobin 131.00 (117.00, 142.50) 130.00 (117.25, 144.00) 131.00 (117.00, 142.00) 0.771

Platelet 228.00 (185.00, 278.50) 226.50 (191.00, 274.25) 229.00 (184.00, 279.00) 0.739

Red blood cell volume distribution width 13.10 (12.50, 13.70) 13.20 (12.62, 13.97) 13.00 (12.50, 13.60) 0.108

Mean platelet volume 9.80 (9.10, 10.40) 9.70 (9.00, 10.28) 9.80 (9.20, 10.50) 0.148

APTT 25.70 (23.60, 28.00) 26.00 (24.40, 28.45) 25.40 (23.30, 27.65) 0.11

D-Dimer 1.52 (0.72, 3.54) 1.94 (0.66, 4.53) 1.32 (0.72, 3.28) 0.447

Fibrinogen 2.96 (2.32, 3.55) 3.00 (2.34, 3.58) 2.96 (2.32, 3.54) 0.696

Values are expressed as median (interquartile range) or number of patients (%) unless otherwise indicated. aSAH: aneurysmal subarachnoid hemorrhage; DCI, delayed cerebral ischemia; A/G, 
serum albumin to globulin ratio; APTT, activated partial thromboplastin time; GCS: Glasgow Coma Scale; WFNS: World Federation of Neurological Societies Scale. p value < 0.05 was shown 
in bold with the symbol “*”.
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SAH can progress suddenly and rapidly, especially in patients with 
severe illness upon admission and those who experience prolonged 
hospital stays (15). Therefore, predicting the prognosis of aSAH 

remains a clinical challenge (4). Our findings suggest that a high 
serum A/G ratio (> 1.68) is associated with DCI after aSAH. The 
pathogenesis of DCI includes cerebral vasospasm, early brain injury, 

TABLE 2 Multivariate logistic regression analysis of predictive factors of DCI in patients with aSAH.

Unadjusted Adjusted

Variable OR (95%CI) p-value OR (95%CI) p-value

Non-Surgery treatment 0.247 (0.073–0.634) 0.009* 0.228 (0.065–0.612) 0.008*

Lactic dehydrogenase 1.004 (1.000–1.007) 0.025* 1.004 (1.000–1.008) 0.029*

Serum A/G 2.061 (0.959–4.442) 0.035* 2.720 (1.190–6.270) 0.018*

Worldwide flight services score

Grade 1 1.061 (0.648, 1.749) 0.816 — —

Grade 2 1.441 (0.702, 2.890) 0.309 — —

Grade 3 1.667 (0.545, 4.650) 0.342 — —

Grade 4 1.063 (0.568, 1.963) 0.847 — —

Grade 5 0.889 (0.352, 2.051) 0.791 — —

Mydriasis

Unilateral 1.404 (0.432, 3.990) 0.54 — —

Bilateral 1.030 (0.149, 4.575) 0.972 — —

Systolic blood pressure 1.003 (0.995, 1.012) 0.453 — —

Hypertension 0.977 (0.597, 1.596) 0.925 — —

Total protein 0.979 (0.947, 1.012) 0.206 — —

Albumin 0.995 (0.951, 1.042) 0.828 — —

Urea nitrogen/creatinine 1.047 (0.929, 1.176) 0.448 — —

Uric Acid 1.000 (0.998, 1.002) 0.724 — —

Blood glucose 1.047 [0.950, 1.151] 0.346 — —

Total cholesterol 0.850 (0.665, 1.079) 0.188 — —

Triglyceride 0.982 (0.697, 1.349) 0.912 — —

High-density lipoprotein 1.246 (0.661, 2.329) 0.493 — —

Low density lipoprotein 0.817 (0.613, 1.075) 0.158 — —

Creatine kinase 1.000 (1.000, 1.001) 0.097 — —

K 0.851 (0.511, 1.399) 0.528 — —

Na 0.956 (0.902, 1.010) 0.112 — —

P 0.362 (0.140, 0.902) 0.032* 0.354 (0.130, 0.926) 0.038*

White blood cell 1.006 (0.966, 1.044) 0.755 — —

Neutrophil 1.032 (0.982, 1.085) 0.21 — —

Lymphocyte 0.853 (0.645, 1.083) 0.225 — —

Monocyte 1.078 (0.568, 1.977) 0.812 — —

Erythrometry 1.256 (0.840, 1.891) 0.27 — —

Hemoglobin 1.005 (0.992, 1.018) 0.47 — —

Platelet 0.705 (0.230, 1.797) 0.497 — —

Red blood cell distribution width 1.029 (1.002, 1.151) 0.584 — —

Mean platelet volume 0.864 (0.680, 1.085) 0.219 — —

APTT 1.001 (0.948, 1.054) 0.965 — —

D-dimer 1.026 (0.984, 1.068) 0.206 — —

Plasma fibrinogen 1.251 (1.021, 1.536) 0.03* 1.266 (1.019, 1.583) 0.035*

DCI, delayed cerebral ischemia; OR, odds ration; LDH, lactate dehydrogenase; Na, sodium; A/G, serum albumin to globulin ratio; P, phosphorus; APTT, Activated partial thromboplastin time. 
p value < 0.05 was shown in bold with the symbol “*”.
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FIGURE 2

Association between serum A/G and delayed cerebral ischemia. (A) Predictive value of serum A/G, non-surgery treatment, LHD, P, and plasma 
fibrinogen under receiver operating characteristic curve for risk of delayed cerebral ischemia after aneurysmal subarachnoid hemorrhage separately; 
(B) Predictive value of serum A/G combined with non-surgery treatment, LHD, P, and plasma fibrinogen under receiver operating characteristic curve 
for risk of delayed cerebral ischemia after aneurysmal subarachnoid hemorrhage. A/G, serum albumin to globulin ratio; LHD, lactate dehydrogenase; 
P, phosphorus.

FIGURE 3

Higher serum A/G, non-surgery treatment, higher LHD, lower P, and higher plasma fibrinogen were associated with the occurrence of delayed cerebral 
ischemia after aneurysmal subarachnoid hemorrhage. A/G, serum albumin to globulin ratio; LHD, lactate dehydrogenase; P, phosphorus. This image 
was created with BioRender.com.
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microembolus formation, cortical diffusion, and depolarization (16). 
Cerebral arteries are frequently narrowed in patients with aSAH and 
can be detected by transcranial Doppler ultrasonography (TCD) (17), 
CTA (18), or electroencephalography (19). While DSA and TCD can 
diagnose vasospasms when they occur, there are currently no specific 
objective methods to predict the development of DCI (20). Therefore, 
we  investigated serum A/G, which indicates nutritional and 
inflammatory states, as a novel, readily available, and noninvasive 
indicator that associate with DCI after aSAH.

The study’s finding that a high A/G ratio is associated with a 
higher incidence of DCI contradicts established literature, where 
low A/G ratios are typically linked with poor outcomes in various 
conditions, such as ischemic stroke (12) and cancer (21). This may 
be  due to the disrupted mitochondrial respiration and Fenton 
reaction activated by blood debris, which increases the generation 
of reactive oxygen species (ROS) (22). Proteins that are abundant 
in biological systems are major targets for ROS and most 
susceptible to oxidative damage (23). Therefore, oxidized albumin 
levels increase after subarachnoid hemorrhage, which may induce 
endothelial injury and contribute to delayed cerebral vasospasm 
and DCI (23, 24). Additionally, high concentrations of albumin 
were associated with increased levels of glutathione disulfide and 
elevated ROS production in stimulated endothelial cells, which 
may play a pro-oxidative role in the pathophysiology of aSAH 
(25). Furthermore, high concentrations of albumin decreased the 
expression of Heme oxygenase-1 (HO-1), an enzyme that removes 
potentially toxic molecules. HO-1 serves as a lipid-soluble delivery 
form of iron and may have pro-oxidative capacity by controlling 
the redox state of cys-34-thiols (19). These factors contribute to 
endothelial dysfunction, thereby triggering DCI (26). Serum 
globulins, as a mixture of proteins, include immunoglobulins and 
complement, which play a defensive role and reflect the collective 
immune status (27). Lower levels of globulin may indicate reduced 
body’s defenses, which lead to poor outcomes (28).

Multivariate analysis showed that non-surgical treatment, 
LDH, phosphorous, and plasma fibrinogen were significant 
indicators of DCI after aSAH. In this study, higher serum LDH 
levels were associated with DCI, which is consistent with a 
previous report (29). LDH is a key enzyme in anaerobic glycolysis 
that catalyzes the production of lactate from pyruvate (30). SAH 
is usually accompanied by hypoxia, and higher LDH levels may 
contribute to the rapid accumulation of lactate, which may 
compromise vascular endothelium and lead to DCI (31). 
Additionally, we found that non-surgical treatment was associated 
with the occurrence of DCI after aSAH. This may be explained by 
surgical removal of hematoma, which can result in vasospasm and 
subsequent DCI (32). Vascular endothelial damage and 
microthrombosis are important factors in DCI development after 
aSAH (24). However, fibrinogen is a coagulation factor that 
accelerates the process of thrombosis, which can ultimately lead 
to DCI (33, 34). Studies have reported that the immune function 
of patients with hypophosphatemia is significantly lower than that 
of healthy individuals; additionally, hypophosphatemia is 
associated with poor outcome and might have the potential to lead 
to a poor outcome in SAH (35).

This study had some limitations. First, this was a retrospective 
study; therefore, any conclusions are subject to study design 

limitations, including recall and observer bias. To address these 
issues, future multicenter prospective studies are warranted. 
Second, due to the relatively small sample size in this study, no 
significant relationship was detected between DCI and 
WFNS. Future studies with larger sample sizes are warranted for 
more reliable results. Third, the volume of the admission 
subarachnoid clot was not evaluated in this study, which is 
strongly associated with DCI. Further studies are needed to 
address this issue and provide more reliable results. Fourth, serum 
A/G values were not consistently monitored during follow-up. 
Therefore, we  could not determine whether changes in these 
values could affect the likelihood of DCI occurrence after 
aSAH. Consequently, further investigation is required on this 
issue. Finally, the area under the ROC curve of the serum A/G in 
this study was relatively small, which may have compromised the 
power of our primary results.

5 Conclusion

Serum A/G values are associated with DCI among patients with 
aSAH. Elevated serum A/G values upon admission might 
be associated with DCI occurrence, which could facilitate the early 
identification of patients with aSAH at high risk for DCI. Further 
studies with larger sample sizes are required to confirm our findings.
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