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A B S T R A C T   

Background and Objective: Glucose-Potassium Ratio (GPR) has emerged as a biomarker in several pathophysio-
logical conditions. However, the association between GPR and long-term outcomes in stroke patients has not 
been investigated. Our study evaluated the applicability of baseline GPR as a predictive prognostic tool for 
clinical outcomes in ischemic stroke patients. 
Methods: The multicenter retrospective cohort study included acute-subacute adult ischemic stroke patients who 
had their baseline serum GPR levels measured. Eligible patients were categorized into two sub-cohorts based on 
the baseline GPR levels (<1.67 vs. ≥ 1.67). The primary outcome was the incidence of 30-day hemorrhagic 
transformation, while stroke recurrence, and all-cause mortality within twelve months, were considered 
secondary. 
Results: Among 4083 patients screened, 1047 were included in the current study. In comparison with GPR < 1.67 
group, patients with ≥ 1.67 GPR had a significantly higher ratio of all-cause mortality within twelve months 
(aHR 2.07 [95 % CI 1.21–3.75] p = 0.01), and higher ratio of 30-day hemorrhagic transformation but failed to 
reach the statistical significance (aHR 1.60 [95 % CI 0.95–2.79], p = 0.08). 
Conclusion: Overall, baseline GPR serum is an independent predictor of all-cause mortality within twelve months 
in patients with acute and subacute ischemic stroke. Further clinical studies are necessary to validate these 
findings.   
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1. Introduction 

The prevalence of acute ischemic stroke represents a major public 
health concern in Saudi Arabia, marked by significant incidence of 
morbidity and mortality rates (Al-Senani et al., 2019). In the past three 
decades, there has been a 70 % increase in global stroke incidence 
exceeding 12.2 million new stroke cases annually. Compared to western 
countries, the incidence of stroke in Saudi Arabia is considered low, 
which could be due to the predominance of the younger age groups in 
this region. However, by 2030, the incidence of first stroke is predicted 
to increase within the range of 57–67 % due to population growth in 
Saudi Arabia (Al-Senani et al., 2019). Despite the progress in stroke 
management, many patients continue to encounter poor outcomes and 
endure disabilities (Al Shoyaib et al., 2021; Alamri et al., 2021; Moraes 
et al., 2023). Given the odds reduction of mortality, clinical severity, and 
complications when stroke patients have earlier access to clinical care 
and earlier outcome prediction (Alharbi et al., 2022), finding novel and 
more predictive biomarkers for stroke outcome prediction will not only 
facilitate earlier diagnosis but also improve short and long-term clinical 
care (Glushakova et al., 2016), and help to mitigate the economic 
burden associated with stroke (Basri et al., 2021). 

Numerous blood-based biomarkers have been proposed as potential 
predictors for acute ischemic stroke, including S100B, glutamate, glial 
fibrillary acidic protein, von Willebrand factor, intercellular adhesion 
molecule-1, interleukin-6, activated protein C, tumor necrosis factor- 
alpha, matrix metalloproteinase-9, tau protein, neurolysin, neuron- 
specific enolase, circulating CD34-positive cells, endothelial progeni-
tor cells, blood glucose, and neuron-specific enolase (Huang et al., 2023; 
Jayaraman et al., 2020). Nevertheless, these indices have not found 
prevalent clinical utility, mainly due to the limited availability of testing 
tools or relatively modest predictive value. Therefore, exploring pa-
rameters that can be easily measured in blood samples and yield rapid 
results has been helpful in guiding clinical decision-making at the time 
of hospital admission. Examples include serum glucose and electrolytes 
such as sodium, calcium, chloride, and potassium (Piironen et al., 2012; 
Wang et al., 2021a). 

Recently, a ratio that depends on serum glucose and potassium levels 
has emerged broadly to evaluate the two predictors as an alternative to 
only one indicator, thus avoiding false positive test results (Shibata 
et al., 2021). Studies have revealed that glucose and potassium display a 
complex interaction in the individual biological system. Following stress 
and brain trauma, catecholamines, cortisol, growth hormones, and cy-
tokines are released due to the neuroendocrine response of the sympa-
thetic nervous system (Dungan et al., 2009; Jayaraman et al., 2020). As a 
result, glucose levels rise, causing hyperglycemia, while potassium 
levels diminish, leading to hypokalemia (Lu et al., 2022; Thier, 1986). 
The Glucose-to-Potassium Ratio (GPR), which reflects glucose and po-
tassium levels in the bloodstream, has emerged as a biomarker in various 
pathophysiological conditions sharing similarities with ischemic stroke, 
including aneurysmal subarachnoid hemorrhage (Calviere et al., 2022; 
Jung et al., 2021; Matano et al., 2019; Wang et al., 2021b), acute 
intracerebral hemorrhage (Wu et al., 2021), severe traumatic brain 
injury (Marini & Sein, 2023; Zhou et al., 2020), massive and non- 
massive pulmonary embolism (Boyuk, 2022), and delayed neuropsy-
chiatric syndrome after carbon monoxide poisoning (Demirtaş et al., 
2021). Moreover, a recent study has shown a positive correlation be-
tween serum GPR and the risk of 30-day mortality in patients with 
ischemic stroke (Lu et al., 2022). 

Hemorrhagic transformation is the most serious complication in 
acute ischemic stroke patients, exacerbated by reperfusion with alte-
plase or endovascular therapy (Jickling et al., 2014). It occurs due to the 
interruption of the blood–brain barrier after ischemic stroke in response 
to peripheral blood extravasations; as a result, it increases mortality and 
deteriorates stroke outcomes (Kastrup et al., 2008). Multiple factors 
correlate with increased risk of hemorrhagic transformation, such as 
reperfusion therapy, high blood pressure, high glucose level, age, and 

inflammation (Spronk et al., 2021). A few reports showed an association 
between elevated glucose levels and hemorrhagic transformation in 
ischemic stroke patients (Laredo et al., 2020; Paciaroni et al., 2009; 
Yuan et al., 2021). A meta-analysis study reported that high glucose level 
on admission was associated with an increased rate of spontaneous 
intracranial hemorrhage following mechanical thrombectomy in pa-
tients with acute ischemic stroke (Zang et al., 2021). Moreover, previous 
studies reported that elevated serum GPR at the time of admission was 
notably associated with increased mortality, augmented risk of 
rebleeding, and poor outcomes three months after aneurysmal sub-
arachnoid hemorrhage (Fujiki et al., 2017; Jung et al., 2021; Wang et al., 
2021b). 

However, the association between GPR and 30-day hemorrhagic 
transformation, 12-month stroke recurrence, and 12-month all-cause 
mortality in acute and subacute ischemic stroke patients has not been 
investigated; therefore, this study aims to evaluate the applicability of 
baseline GPR as a potential predictive prognostic tool of 30-day hem-
orrhagic transformation, 12-month stroke recurrence, or 12-month all- 
cause mortality in acute as well as subacute ischemic stroke. 

2. Materials and methods 

2.1. Study design 

A multicenter retrospective cohort study was conducted between 
January 2016 and September 2022 at King Abdulaziz Medical City 
(KAMC) in Jeddah and Riyadh, Saudi Arabia. Patients were screened for 
eligibility based on the predefined criteria using the electronic medical 
record system (BESTCare 2.0). Eligible patients with acute and subacute 
ischemic stroke were categorized into two sub-cohorts based on the 
baseline GPR levels (<1.67 vs. ≥ 1.67). The glucose-potassium ratio GPR 
was determined by dividing the glucose and potassium levels (mmol/l). 
All patients were followed until they were discharged or died during 
their stay in the hospital except for the variables, pneumonia (up to 
seven days after stroke) and other complications checked for 12 months 
after injury. 

The diagnosis of ischemic stroke was clinically confirmed through 
computerized tomography (CT), magnetic resonance Imaging (MRI), or 
a combination of both. Glucose (hexokinase method) and potassium 
(ion-selective electrodes method) serum concentrations were measured 
with an automatic multichannel analyzer (ARCHITECT c8000; Abbott 
Diagnostics) (Fotiou et al., 2015). 

The King Abdullah Medical Research Center (KAIMRC) Institutional 
Review Board approved the study in Riyadh, Saudi Arabia (study 
number: NRJ22J/235/09). All methods were performed in accordance 
with the relevant guidelines and regulations. Considering the retro-
spective and observational nature of the study, we used only de- 
identified retrospective data, and the informed consent for patients 
was waived. 

2.2. Study participants 

All adult patients (≥18 years) with confirmed ischemic stroke using a 
CT scan or MRI who arrived at the emergency room within seven days of 
symptoms onset or were admitted at the stroke incident time during the 
study period were screened for eligibility. Patients were excluded if the 
GPR levels were not measured within three days of injury, were diag-
nosed with transient ischemic or hemorrhagic stroke, and had a follow- 
up period below one year (Fig. 1). 

2.3. Outcomes 

The primary outcome was to evaluate the association between the 
patient’s serum GPR and 30-day hemorrhagic transformation. Other 
outcomes, such as stroke recurrence, and all-cause mortality within 
twelve months, were considered secondary. 
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2.4. Study setting 

The study was conducted at two different canters of KAMC. KAMC is 
an academic referral tertiary care hospital with 509 beds in Jeddah, 
Saudi Arabia, and KAMC in Riyadh, Saudi Arabia, with 690 beds. The 
two centers provide clinical care to all National Guard military members 
and their families, as well as primary and specialized health care who 
work at the centers. 

2.5. Data collection 

The collected data included demographic data, hospital admission 
data, the National Institute of Health Stroke Scale (NIHSS) score, and 
stroke subtype (Alharbi et al., 2022). The stroke subtype was ranked 
according to the TOAST classification. The TOAST classification denotes 
five subtypes of ischemic stroke: 1) large-artery atherosclerosis, 2) small 
vessel occlusion, 3) cardioembolism, 4) stroke of other determined eti-
ology, and 5) stroke of undetermined etiology (Adams et al., 1993). 
Initial stroke severity was assessed by the NIHSS method within 24 h of 
admission (Alharbi et al., 2022). Comorbidities, signs, and symptoms of 
stroke and complications, including ICU admission, were collected. 
Complications were followed up to one year following the date of injury 
except for pneumonia (seven days after stroke). Management at the time 
of stroke (Mechanical thrombectomy, tPA) was also collected. 

Baseline lab results after stroke, inflammatory markers, complete 
blood count after stroke, and rehabilitation variables were compiled. We 
assessed the upper/lower and left/right motor impairment at the time of 
admission. Upon admission and discharge, we collected initial clinical 
severity NIHSS and functional independence and disability by modified 
Rankin Scale (mRS). 

2.6. Statistical analysis 

Descriptive analysis was conducted to summarize the demographic 
and clinical characteristics of study subjects. Frequencies with per-
centages were calculated for categorical variables. Means with standard 

deviations or median with interquartile range (IQR) were calculated for 
numerical variables. Comparisons of categorical variables between GPR 
levels (<1.67 vs. ≥ 1.67) were assessed using chi-square or Fisher’s 
exact test. While numerical variables were evaluated using an inde-
pendent t-test or one-way ANOVA, as appropriate. Survival analyses of 
study endpoints were done using Kaplan Meier curves and the Log Rank 
test of significance for comparing GPR levels. 

Cox proportional hazard regressions were used to identify factors 
associated with each of the study endpoints. The model was adjusted for 
(1) patient characteristics, (2) past medical history, (3) stroke charac-
teristics and treatment. Hazard ratios (HR) with their 95 % confidence 
intervals (CIs) were calculated to determine the magnitude of associa-
tions. A p-value of less than 0.05 (two-tailed) was considered statisti-
cally significant. All analyses were performed using SAS University 
Edition (SAS Institute, Cary, NC, USA). 

3. Results 

A total of 4083 S patients were screened, and 1047 patients met the 
eligibility criteria. Among the included patients, 721 (68.9 %) had a GPR 
of 1.67 and above. 

3.1. Baseline characteristics of included ischemic stroke patients based on 
GPR level 

Table 1 demonstrates the demographic and baseline characteristics 
of the total included sample. In the whole cohort, the mean age was 64.9 
± 12.9 years, and 59.9 % were male. In addition, hypertension (81.1 %) 
was the most common comorbidity, followed by diabetes mellitus (72.9 
%), dyslipidemia (45.9 %), atrial fibrillation (19.8 %), and depression 
(13.4 %). In the bivariate analysis, comorbidities were comparable be-
tween the two groups except for hypertension (85.9 % vs. 70.3 %; p <
0.001), diabetes mellitus (85.6 % vs. 45.1 %; p < 0.001), and dyslipi-
demia (49.8 % vs. 37.1 %; p < 0.001), which was higher in patients with 
a GPR of 1.67 and above. 

3.2. Initial clinical severity and ischemic stroke subtypes and 
complications distribution based on GPR level 

The median stroke clinical severity at hospital arrival measured by 
the NIHSS score was 6 (3–9), and the median disability score measured 
by modified Rankin Scale (mRS) at arrival was 4 (1–5) (Table 1). 
Ischemic stroke subtype 1 was the most diagnosed stroke subtype (44.9 
%). The most frequent stroke-related complications in the study popu-
lation (Table 1) are impaired consciousness (29.2 %), pneumonia (21.8 
%), seizures (13.2 %), cerebral edema (8.4 %), and deep vein throm-
bosis- pulmonary edema (7.9 %). Surprisingly, no significant differences 
were found in the initial clinical severity, functional independence, 
patients’ stroke subtypes, or complication incidence rates between the 
GPR groups (Table 1). 

3.3. Association between GPR level and frequency of 30-day hemorrhagic 
transformation, 12-month stroke recurrence, and 12-month all-cause 
mortality 

In the overall cohort, hemorrhagic transformation, stroke recur-
rence, and all-cause mortality accounted for 10.4 %, 10.7 %, and 13.7 % 
cases, respectively. Patients with baseline GPR ≥ 1.67 had significantly 
higher 30-day hemorrhagic transformation than the control (11.7 % vs. 
7.4 %; p = 0.04). In addition, there was a higher rate of all-cause mor-
tality within twelve months in patients with GPR ≥ 1.67 compared to 
patients with a GPR < 1.67 but the difference was insignificant (15.1 % 
vs. 10.8 %; p = 0.07). In contrast, stroke recurrence was comparable and 
not statistically significant between the two groups (10.9 % vs. 10 %; p- 
value = 0.65) (Fig. 2, Supplemental Table-1). 

Fig. 1. Flowchart of the study population and the selecting criteria of eligible 
patients with acute or subacute ischemic stroke. 
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3.4. Survival probability over days from hemorrhagic transformation, 
stroke recurrence, and all-cause mortality for higher and lower GPR groups 

Fig. 3 compares GPR levels at the three primary endpoints. The 
Kaplan-Meier curves in Fig. 3 (a and b) demonstrate that the GPR ≥ 1.67 
group has significantly higher all-cause mortality and hemorrhagic 
transformation (p = 0.04 and p = 0.02, respectively) compared to the 
GPR < 1.67 group. In Fig. 3 (c), however, the log-rank test indicates that 
there was no statistically significant difference between the two groups 
in the 12-month stroke recurrence rate (p = 0.66). 

3.5. GPR level predicts 30-day-hemorrhagic transformation and 12- 
month all-cause mortality, but not 12-month stroke recurrence 

In the unadjusted Cox proportional hazard regression, the GPR ≥
1.67 group had a significantly higher hazard ratio (HR) for 30-day 
hemorrhagic transformation (HR = 1.74 [95 % CI 1.10–2.89], p =
0.02) and 12-month all-cause mortality (HR = 1.48 [95 % CI 1.01–2.22], 
p = 0.04) compared to the GPR < 1.67 group. However, the two groups 
had no significant difference in the HR for 12-month stroke recurrence 
(HR = 1.09 [95 % CI 0.73–1.66], p = 0.68). 

In the adjusted Cox proportional hazard regression analysis (Fig. 4), 
it was found that the GPR ≥ 1.67 group had a 2-fold increase in adjusted 
HR for 12-month all-cause mortality (aHR = 2.07 [95 % CI 1.21–3.75], 
p = 0.01) compared to the GPR < 1.67 group. However, there was no 
significant difference in the risk of 30-day hemorrhagic transformation 
(aHR = 1.60 [95 % CI 0.95–2.79], p = 0.08) or 12-month stroke 
recurrence (aHR = 1.16 [95 % CI 0.67–2.10], p = 0.68) between the two 
groups. 

3.6. Other predictors of 30-day hemorrhagic transformation, 12-month 
stroke recurrence, and 12-month all-cause mortality 

As shown in Fig. 4, other factors besides GPR significantly impact the 
incidence risk of the three primary endpoints. Admission to ICU and 
increasing age have been identified as independent factors that increase 
the risk of all-cause mortality by five-fold (aHR = 4.66 [95 % CI 
2.78–8.04], p = 0.01) and 1.39-fold (aHR = 1.39 [95 % CI 1.15–1.69], p 
= 0.001) respectively. Additionally, the presence of comorbid atrial 
fibrillation in ischemic stroke patients was found to be an independent 
predictor of 12-month stroke recurrence (aHR = 1.98 [95 % CI 
1.09–3.47], p = 0.02) by two-fold. The study also revealed that aHR for 
initial clinical severity (1.18 [95 % CI 1.09–1.26], p < 0.001) and 
disability score (1.14 [95 % CI 1.02–1.29], p = 0.02) are independent 
significant predictors of 12-month all-cause mortality. Initial stroke 
severity score aHR was also found to independently predict 30-day 
hemorrhagic transformation (aHR = 1.12 [95 % CI 1.03–1.21], p =
0.005), but not 12-month stroke recurrence (aHR = 1.04 [95 % CI 
0.95–1.13], p = 0.35). 

Table 1 
Demographic and baseline characteristics of patients stratified by GPR level.  

Characteristics Total 
(N =
1,047) 

Glucose Potassium Ratio 
(GPR) Levels 

P 

<1.67 
(N = 326) 

≥ 1.67 
(N = 721) 

Age, mean ± SD 64.9 ±
12.9 

64.3 ±
14.6 

65.3 ±
11.9  

0.263 

Male, n (%) 628 (59.9) 195 
(59.8) 

433 
(60.1)  

0.942 

BMI, mean ± SD 29.4 ±
7.3 

29.2 ±
7.2 

29.5 ±
7.3  

0.605 

Stroke subtype, n (%)     
1 471 (44.9) 148 

(45.4) 
323 
(44.8)  

0.094 

2 236 (22.5) 77 (23.6) 159 
(22.1)  

3 60 (5.7) 23 (7.1) 37 (5.1)  
4 23 (2.2) 8 (2.4) 15 (2.1)  
5 139 (13.3) 29 (8.9) 110 

(15.2)  
Unknown/missing 118 (11.3) 41 (12.6) 77 (10.7)  
tPA therapy, n (%) 106 (10.1) 35 (10.7) 71 (9.9)  0.674 
Mechanical thrombectomy, n 

(%) 
56 (5.4) 20 (6.1) 36 (4.9)  0.453 

Prior stroke, n (%) 397 (37.9) 120 
(36.8) 

277 
(38.4)  

0.618 

Initial NIHSS, median (IQR) 6 (3; 9) 6 (3; 10) 6 (3; 9)  0.705 
Initial mRS, median (IQR) 4 (1; 5) 4 (1; 5) 4 (1; 5)  0.589 
Length of Stay (days), median 

(IQR) 
5.5 (3; 14) 5 (3; 13) 6 (3; 14)  0.114 

ICU admission, n (%) 309 (29.5) 89 (27.3) 220 
(30.5)  

0.334 

History of comorbidities, n (%) 
HTN 849 (81.1) 229 

(70.3) 
620 
(85.9)  

<0.001 

DM 764 (72.9) 147 
(45.1) 

617 
(85.6)  

<0.001 

Dyslipidemia 480 (45.9) 121 
(37.1) 

359 
(49.8)  

<0.001 

AF 207 (19.8) 65 (20.1) 142 
(19.7)  

0.896 

Dementia 129 (12.3) 36 (11.1) 93 (12.9)  0.407 
Depression 140 (13.4) 43 (13.2) 97 (13.5)  0.923 
Stroke signs and symptoms, n (%) 
LL Motor Impairment 465 (44.4) 144 

(44.2) 
321 
(44.5)  

0.895 

LR Motor Impairment 411 (39.3) 122 
(37.4) 

289 
(40.1)  

0.422 

UL Motor Impairment 466 (44.5) 139 
(42.6) 

327 
(45.4)  

0.407 

UR Motor Impairment 420 (40.1) 125 
(38.3) 

295 
(40.9)  

0.418 

Aphasia 289 (27.6) 100 
(30.7) 

189 
(26.2)  

0.126 

Dysarthria 589 (56.3) 179 
(54.9) 

410 
(56.9)  

0.589 

Stroke-related complications, n (%) 
Pneumonia 228 (21.8) 65 (19.9) 163 

(22.6)  
0.339 

Seizures 138 (13.2) 39 (11.9) 99 (13.7)  0.429 
Cerebral edema 88 (8.4) 24 (7.4) 64 (8.9)  0.421 
DVT-PE 83 (7.9) 23 (7.1) 60 (8.3)  0.486 
Impaired consciousness 306 (29.2) 95 (29.1) 211 

(29.3)  
0.956 

Abbreviations: SD: Standard deviation; BMI: body mass index; tPA: Tissue-type 
plasminogen activator; NIHSS: The National Institutes of Health Stroke Scale; 
IQR: Interquartile range; mRS: the modified Rankin Scale; ICU: Intensive care 
unit; HTN: hypertension; DM: diabetes mellitus; AF: atrial fibrillation; LL: lower 
left; LR: lower right; UL: upper left; UR: upper right; DVT-PE: Deep vein 
thrombosis-Pulmonary embolism. 

Fig. 2. Comparison of study endpoints according to GPR levels.  

F.F. Alamri et al.                                                                                                                                                                                                                                



Saudi Pharmaceutical Journal 32 (2024) 102082

5

Fig. 3. Kaplan-Meier curve comparing (a) 12-month all-cause mortality, (b) 30-Day Hemorrhagic Transformation, and (c) 12-month stroke recurrence between 
GRP levels. 
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Fig. 4. Forest plot of adjusted hazard ratios (with 95% confidence intervals) from multivariable cox proportional hazard regression analyses of study endpoints.  
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4. Discussion 

This multicenter, retrospective cohort study investigated the asso-
ciation between GPR and 30-day hemorrhagic transformation, 12- 
month stroke recurrence, and 12-month all-cause mortality in patients 
with acute and subacute ischemic stroke. Our study’s Cox proportional 
hazard regression analysis revealed a significantly higher incidence risk 
of 12-month all-cause mortality in patients with GPR ≥ 1.67. The sta-
bility of this association was confirmed by adjusting for other indepen-
dent variables with clinical significance using multivariable Cox 
proportional hazard regressions. Our findings are consistent with a 
single-center retrospective cohort study that included 784 patients who 
arrived at an emergency in Norway between 2010 and 2015. Using the 
continuous model, the study found a significant positive correlation 
between GPR levels and 30-day mortality (OR 2.01 [95 % CI 1.12–3.61], 
p = 0.01) in ischemic stroke patients (Lu et al., 2022). The study 
confirmed the results by categorizing GPR into three tertiles (GPR: 
Tertile 1: ≤ 1.372; Tertile 2: 1.375–1.658; Tertile 3: ≥ 1.659). The Odd 
ratio (OR) and 95 % for 30-day mortality of tertile 1 (reference) were 
compared to tertile 2 (OR 1.24 [95 % CI 0.60–2.65], p = 0.56) and were 
significantly different when compared to tertile 3 (OR 2.15 [95 % CI 
1.09–4.24], p = 0.02). These results align with the current study con-
firming the positive association of GPR with mortality. 

Hyperglycemia is very common in patients with ischemic stroke, 
occurring in 30–40 % of patients, even among non-diabetics (Luitse 
et al., 2012). In our sample, around 36 % of non-diabetic patients had a 
ratio of GPR ≥ 1.67. Hyperglycemia in non-diabetic patients with acute 
illness is usually referred to as stress or transient hyperglycemia (Guo 
et al., 2021). Stress hyperglycemia following acute injury is caused by a 
complex interplay between catecholamines, cytokines, and cortisol 
(Dungan et al., 2009). In fact, stress hyperglycemia has been suggested 
to be associated with a more severe form of stroke. For instance, it was 
shown previously that hyperglycemia in non-diabetic ischemic stroke 
patients is related to a higher risk of 90-day stroke recurrence and poor 
functional outcome (Guo et al., 2021; Zonneveld et al., 2017). 

In addition to hyperglycemia, hypokalemia was reported to occur 
frequently in stroke patients (20 %) (Gariballa et al., 1997). Lower po-
tassium level was shown to be associated with increased mortality rates 
and poor outcomes in stroke patients (Gariballa et al., 1997). At normal 
conditions, potassium levels are transported intracellularly by active 
cellular uptake through the cell membrane and by the sodium/potas-
sium adenosine triphosphatase pump (Na+/K + -ATPase) controlled by 
catecholamines (Gariballa et al., 1997). The increased catecholamines 
due to stroke leads to a decline in circulating blood potassium levels 
(Gariballa et al., 1997). The association between potassium levels and 
mortality rate was also suggested by studies showing high dietary po-
tassium intake to protect against stroke-related mortality (Khaw & 
Barrett-Connor, 1987). 

GPR is a novel biomarker to predict stroke patients’ outcomes and 
can be measured easily in blood samples. High GPR levels have been 
shown to be associated with worsened clinical outcomes in neurological 
disorders such as traumatic brain injury (TBI) and acute intracerebral 
hemorrhage (Wu et al., 2021; Zhou et al., 2020). In our sample, there 
were no significant differences in stroke-related signs and symptoms and 
complications between the different GPR groups. However, the rate of 
12-month all-cause mortality was significantly higher with high levels of 
GPR. This could be due to the mechanisms related to sympathetic acti-
vation. Activating the sympathetic system releases catecholamines, cy-
tokines, cortisol, and growth hormones, resulting in hyperglycemia and 
hypokalemia. This finding may reflect the hypothal-
amic–pituitary–adrenal (HPA) axis activation, resulting in energy dys-
regulation (Herman et al., 2016). In addition, high cortisol levels result 
in the activation of the renin-angiotensin-aldosterone system, inducing 
low levels of potassium. This system was shown to play an essential role 
in the progression of ischemic stroke (Sokol et al., 2004). 

In addition, the current study did not find a significant difference in 

the initial clinical severity upon hospital arrival between GPR groups. 
This further supports the concept that increased GPR contributes to 
worse outcomes, particularly if stress-induced hypoglycemia requires 
prolonged periods to manifest. This might explain that in most studies 
(Demirtaş et al., 2021; Jung et al., 2021; Katipoğlu & Demirtas, 2022), 
the adverse effects of high GPR can be seen on a chronic rather than 
acute basis. 

The mRS is a commonly utilized global assessment tool for disability 
in stroke patients (Banks & Marotta, 2007). A previous study of long- 
term outcomes in hemorrhagic stroke or intracerebral hemorrhage 
found that serum GPR was predictive of poor prognosis as determined by 
an mRS score nearly 3-folds (OR 2.945 [95 % CI 1.099–7.889]) (Wu 
et al., 2021). These findings provide additional support for the pro-
spective value of serum GPR levels in stroke prognosis for disability. 

There were a few limitations to this retrospective observational study 
that should be noted. Firstly, due to its retrospective nature and the 
sample size, it was not possible to establish the causality between GPR 
levels and the primary outcomes. Secondly, the study did not explore the 
reproducibility of the results in non-diabetic or non-hypertensive pop-
ulations. Thirdly, The timing of serum glucose and potassium mea-
surements was not fixed, and there were no follow-up measurements. 
Lastly, the study did not assess other comorbidities that may have 
influenced glucose and potassium levels, such as kidney diseases and 
cancer, as many of these comorbidities were included in the study due to 
their frequent occurrence with stroke. 

Overall, the present study has provided evidence supporting the as-
sociation between measuring GPR levels within three days of experi-
encing symptoms of ischemic stroke and all-cause mortality within 
twelve months. The results indicate that GPR level can be effectively 
utilized as a predictor of mortality in patients with ischemic stroke. 
Further research is necessary to investigate the influence of diabetes and 
hypertension on GPR levels in ischemic stroke patients, to gain a more 
comprehensive understanding of this relationship. Future studies should 
investigate if changes in GPR levels can predict successful interventions 
of tPA or mechanical thrombectomy in ischemic stroke patients. 
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