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Abstract 

Subarachnoid hemorrhage (SAH) is a life-threatening cerebrovascular event with high mortality and 
long-term morbidity. While clinical grading scales such as Hunt and Hess or the WFNS score aid in 
prognosis, their applicability is limited in sedated or unconscious patients. Biomarkers offer an 
alternative approach for risk stratification. This review examines the prognostic value of the 
glucose/potassium ratio (GPR) in patients with aneurysmal SAH and its potential integration into 
future predictive models. A literature review of retrospective studies assessing the association 
between GPR and clinical outcomes in SAH was conducted. Evidence on the pathophysiological basis 
of stress-induced hyperglycemia and hypokalemia in SAH is presented, along with findings from 
five key clinical studies evaluating GPR in relation to mortality, vasospasm, delayed cerebral 
ischemia, and functional outcomes. Elevated GPR levels were consistently associated with poor 
short- and long-term outcomes in SAH patients. Studies reported significant correlations between 
GPR and 30-day mortality, poor Glasgow Outcome Scale (GOS) scores, increased incidence of 
cerebral vasospasm, and higher rates of rebleeding. The optimal GPR cutoff for predicting adverse 
outcomes was greater than 37 mg/dL, with multivariate analyses confirming GPR as an independent 
prognostic factor. GPR is a promising, cost-effective biomarker that integrates two stress-response 
parameters (glucose and potassium), both of which are independently associated with SAH 
prognosis. Its incorporation into future predictive models may enhance early risk stratification and 
guide clinical decision-making. Further prospective studies are warranted to validate its utility and 
standardize its clinical application. 

Keywords: subarachnoid hemorrhage; glucose/potassium index; hyperglycemia; hypokalemia; 
glucose; potassium 
 

1. Introduction 

Subarachnoid hemorrhage (SAH) is a subtype of cerebrovascular disease (CeVD), representing 
5 to 8% of these, and is known as a neurological emergency [1,2]. The main cause of SAH is traumatic, 
while the leading cause of non-traumatic SAH is aneurysms, representing 75-80% of spontaneous 
SAH causes [3,4]. SAH is characterized by the direct passage of blood into the subarachnoid space 
due to the rupture of an artery or vein [2]. Spontaneous SAH secondary to an aneurysm can occur at 
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any age, and its incidence varies depending on age, gender, and geographical region [2]. In North 
America, approximately 30,000 cases of SAH are reported annually, with an incidence of 2 to 25 cases 
per 100,000 inhabitants [2]. Similar numbers have been reported in Finland and Japan, with an 
incidence of 19 to 23 cases per 100,000 inhabitants [5]. However, lower incidences have been reported 
in other regions, such as China, with 2 cases per 100,000 inhabitants, and Central and South America, 
with 4 cases per 100,000 inhabitants [5]. Specifically, in Mexico, 13.5 cases per 100,000 inhabitants 
were reported in 2019, which is high compared to what is reported in the rest of Latin America [6].  

Although the incidence is low compared to other CeVD, the mortality of SAH is very high. It 
has been reported to reach up to 50% within the first 30 days [7]. Among the studies conducted, it 
has been observed that most deaths tend to occur within the first week, with 10% during the acute 
bleeding and 25% within the first 24 hours [2]. Apart from the high mortality, it should be considered 
that the other 50% of patients who survive mostly develop long-term disability and cognitive 
impairment, having a significant socio-economic impact on patients and their families [2,8]. 
Therefore, it is important to identify the diagnosis promptly and, in turn, patients with poor 
prognosis. For this purpose, scales have been described that have been used to predict the mortality 
of these patients, such as Hunt and Hess and the World Federation of Neurological Surgeons (WFNS) 
[9]. However, these scales have their limitations, such as the inability to be measured if the patient is 
sedated, which has led to investigations into various biomarkers to replace and/or support them with 
different results, including glucose, potassium, total cholesterol, triglycerides, lactate, D-dimer, S100B 
peptide, neuron-specific enolase, brain natriuretic peptide (BNP), and C-reactive protein (CRP) 
[2,8,9]. 

2. Pathophysiology 

In situations that put the body under stress, such as SAH, physiological changes occur, such as 
increased release of catecholamines, which persists for at least 10 days [10,11]. This leads to an 
increase in heart rate (HR), myocardial contraction, and blood pressure (BP) [2]. The acceleration and 
increase in blood flow to the heart and the musculoskeletal system increase cellular metabolism, 
enhancing glucose metabolism through increased glycogenolysis, gluconeogenesis, lipolysis, and 
ketogenesis, resulting in hyperglycemia, which has been recognized as stress-induced hyperglycemia 
(Figure 1) [2,10,12]. At the same time, insulin release is reduced due to the stimulation of pancreatic 
α-adrenergic receptors, further increasing hyperglycemia [2]. In stressful situations, the transport of 
glucose to brain cells is compromised. The lack of sufficient glucose supply can hinder energy 
metabolism in the brain, worsening neuronal injury in cases of hypoglycemia [13]. However, 
hyperglycemia, on the other hand, induces apoptosis, increases superoxide production, damages the 
blood-brain barrier (BBB), and causes cerebral edema [4]. Moreover, SAH is accompanied by an 
increased inflammatory response, which causes the release of cytokines. These, in turn, are directly 
associated with the appearance of hyperglycemia and insulin resistance [14]. 

Hyperglycemia has been associated with the severity of SAH measured by the Hunt and Hess 
scale and the Fisher scale, as well as with the occurrence of vasospasm and late ischemic 
complications [15–19]. Hyperglycemia has been reported to correlate with neurological deficits and 
functional prognosis even up to 12 months [1,11,16,17,20,21]. Even after adjusting for other variables 
such as the grade of Hunt and Hess, aneurysm size, and age, hyperglycemia remains associated with 
increased rates of complications, prolonged stays in intensive care units (ICU), and mortality [1,17,22–
24]. It has even been described that higher glucose levels correlate with higher mortality; moderate 
hyperglycemia has an odds ratio (OR) of 2.61; 95% confidence interval (CI) 1.52-3.06, and severe 
hyperglycemia has an OR of 3.18; 95% CI 2.24-4.53 [25]. Persistent hyperglycemia is associated with 
worse functional prognosis than isolated hyperglycemia [26]. Additionally, hyperglycemia in the 
context of SAH has been linked to complications such as congestive heart failure, acute pulmonary 
edema, respiratory failure, and the development of infections [17]. 

On the other hand, stress also activates the hypothalamic-pituitary-adrenal (HPA) axis, 
increasing the release of corticotropin-releasing hormone, which in turn increases the release of 
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adrenocorticotropic hormones into circulation [2]. One of these is aldosterone, a hormone that 
regulates extracellular volume and BP. Aldosterone binds to mineralocorticoid receptors on the 
principal cells of the renal collecting ducts, facilitating sodium reabsorption and potassium excretion 
[2]. At the same time, catecholamines stimulate β-adrenergic receptors linked to the Na/K ATPase 
pump membrane, increasing the flow of potassium from extracellular to intracellular (Figure 1) [8]. 
Hypokalemia has even been observed in some studies as the most frequent of the hydro-electrolytic 
imbalances, with a frequency of 35 to 50%, correlating with worse functional prognosis in patients 
with SAH [3,7,27]. Conversely, hyperkalemia has been associated with lower severity of hemorrhage 
in radiographic scales [3]. It should be noted that hypokalemia is associated with the development of 
potentially fatal arrhythmias [27]. 

 
Figure 1. A) In stress situations, such as subarachnoid hemorrhage, there is an increase in the release of 
catecholamines (adrenaline, dopamine, and noradrenaline). B) The rise in catecholamines leads to an increase in 
heart rate, blood pressure, and blood flow to the heart and the musculoskeletal system, enhancing glucose 
metabolism through increased glycogenolysis, gluconeogenesis, lipolysis, and ketogenesis, resulting in stress-
induced hyperglycemia. C) Stress also activates the hypothalamic-pituitary-adrenal axis, increasing the release 
of corticotropin-releasing hormone, which in turn increases the release of aldosterone that finally binds to 
mineralocorticoid receptors on the kidneys, facilitating sodium reabsorption and potassium excretion. 
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3. Development of Glucose/Potassium Index 

Since hyperglycemia and hypokalemia are the expected responses in a stressful situation, the 
glucose/potassium ratio (GPR) was proposed as a marker with better utility because it involves two 
components that individually have a relationship with the prognosis of patients with SAH, assessed 
throughout several studies (Table 1) [9]. A retrospective study conducted in a Turkish tertiary 
hospital included 134 patients with SAH, with a mean age of 65.9 ± 16.7 and a mean GPR of 2.2 ± 0.9 
mmol/L. The GPR was associated with 30-day mortality in the multivariate logistic regression 
analysis with an OR 4.041, 95% CI 1.450-26.147, p=0.043 [2]. Another retrospective study was 
conducted in a Japanese hospital, including 565 patients with SAH with a mean age of 61.5 ± 14.7 and 
a mean GPR of 52.1 ± 21.1 mg/dL. The GPR was associated with a poor outcome, defined as a Glasgow 
Outcome Scale (GOS) of 3 or less in the multivariate logistic regression analysis, with an OR not 
specified in the manuscript, but with a p-value of 0.009 [9]. From this same study group, patients who 
underwent surgical treatment were taken, which included 333 patients with SAH who were 
surgically treated, with a mean age of 59.7 and a mean GPR of 49 ± 18 mg/dL. The GPR was associated 
with the development of cerebral vasospasm in the multivariate logistic regression analysis, similar 
to the previous one, without a defined OR, but with a p-value of 0.018 [28]. 

Table 1. Studies carried out to date on the glucose/potassium ratio in subarachnoid hemorrhage. 

Study 
Inclusion 

criteria Exclusion criteria N Age Sex 
Primary 
outcome 

OR (95% CI), 
p-value 

Fujiki 2017 
[9] 

aSAH None 565 61.5 Female 
(63.2%) 

3 months 
poor 

outcome 
*, 0.009 

Matano 
2019 [28] 

aSAH 
Patients who refused surgery, 
postoperative angiography, 

and DWI-MRI 
333 59.7 Female 

(63.1%) 
Cerebral 

vasospasm 
*, 0.018 

Jung 2021 
[27] 

Non-traumatic 
aSAH admitted 
to the ED within 
24 h of symptom 

onset 

History of neurological 
diseases, diabetes, acute or 

chronic renal failure, 
malignancy, and liver cirrhosis 

553 56 (46-63) 
Female 
(57.5%) 

3 months 
mortality 

1.070 (1.047-
1.093), <0.001 

Wang 2022 
[29] 

aSAH and 
rebleeding 
within 72 h 

Diabetes, neurological diseases, 
multiple intracranial 

aneurysms, acute or chronic 
renal failure, malignancy, and 

liver cirrhosis 

744 54.8 ± 11.3 Female 
(60.5%) 

90 days 
poor 

outcome 

0.572 (0.347-
0.944), 0.029 

Alişkan 
2024 [2] 

aSAH with a 
mRS score of ≤2 

before 

Diabetes, and acute or chronic 
renal failure 

134 65.9 ± 16.7 Female 
(50.7%) 

All cause 30-
day 

mortality 

4.041 [1.450-
26.147), 0.043 

* Not mentioned in the study. aSAH: aneurysmal Subarachnoid Hemorrhage; DWI-MRI: Diffusion-Weighted 
Magnetic Resonance Imaging; ED: Emergency Department; mRS: modified Rankin Scale. 

In a retrospective study conducted in a tertiary hospital in South Korea with 553 patients with 
SAH, the median age was 54 (46-63), and the median GPR was 38.7 mg/dL (32.6-46.6). They described 
that the best cutoff of GPR for predicting 3-month mortality was 37.8 mg/dL with a sensitivity of 
90.2% and specificity of 51%. The GPR was associated with 3-month mortality in the multivariate 
logistic regression analysis with an OR 1.070, 95% CI 1.047-1.093, p<0.001 [27]. Lastly, a retrospective 
study conducted in China that included 744 patients diagnosed with SAH had a mean age of 54.89 ± 
11.3 and a median GPR of 1.52 mmol/L (1.23-1.94). The suitable cut-off value for GPR as a predictor 
for rebleeding in SAH was 2.09 mmol/L with a sensitivity of 53.3% and specificity of 83.9%. The GPR 
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was associated with a poor outcome defined as modified Rankin Scale (mRS) 3 to 6 in the multivariate 
logistic regression analysis with an OR 0.572, 95% CI 0.347-0.944, p=0.029 [29]. 

4. Future Directions 

To improve previously used prediction scores for SAH, quantitative biomarkers associated with 
SAH were included in prior studies, detailing the modified WFNS 2004 scale and the SAH 
Physiologic Derangement Score (SAH-PDS). The modified WFNS 2004 scale incorporated age, a 
history of systemic arterial hypertension, systolic BP at admission, the size and location of the 
aneurysm, the presence and thickness of the clot, and the presence or absence of vasospasm at 
admission, which demonstrated better performance with an area under the curve (AUC) of 0.78 
compared to 0.74 for the WFNS [33]. However, it also had the drawback of including aneurysm 
characteristics that are not always known during patient management. Shortly thereafter, Claassen 
and his collaborators proposed a model that included physiological variables such as the arterio-
alveolar gradient, serum bicarbonate, serum glucose, and mean BP. In this model, it was observed 
that, in addition to the Hunt and Hess grade, factors like the level of consciousness, size of the 
aneurysm, presence of intraventricular bleeding, and occurrence of rebleeding were considered, 
leading to the SAH-PDS. This score had an AUC of 0.79 in predicting severe disability or death at 3 
months, outperforming scales such as SIRS and APACHE-II; however, it exhibited lower 
performance than the Glasgow Coma Scale (GCS) on its own [34]. Therefore, new biomarkers have 
continued to be studied in search of those that offer a greater association with patient outcomes in 
SAH for the potential development of future prediction scales. Thus, the positive results 
demonstrated by the GPR in recent studies are remarkable. 

5. Conclusions 

In conclusion, higher levels of GPR, with values above 37 mg/dL, have been associated with the 
occurrence of cerebral vasospasm, delayed cerebral ischemia, and rebleeding, which subsequently 
correlate with poorer prognosis and mortality in patients with SAH. Additional studies are required 
to continue assessing the utility of this biomarker, which, due to its accessibility in terms of cost and 
time, has a promising future. 
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Abbreviations 

The following abbreviations are used in this manuscript: 
SAH Subarachnoid hemorrhage 
CeVD Cerebrovascular disease 
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WFNS World Federation of Neurological Surgeons 
BNP Brain natriuretic peptide 
CRP C-reactive protein 
HR Heart rate 
BP Blood pressure 
BBB Blood-brain barrier 
ICU Intensive care unit 
OR  Odds ratio 
CI Confidence interval 
HPA Hypothalamic-pituitary-adrenal 
GPR Glucose/potassium ratio 
GOS Glasgow Outcome Scale 
mRS modified Rankin Scale 
SAH-PDS Subarachnoid hemorrhage Physiologic Derangement Score 
AUC Area under the curve 
GCS Glasgow Coma Scale 
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