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Background and Objective: Raised serum glucose-phosphate ratio on admission is associated with severity and poor outcome of
aneurysmal subarachnoid hemorrhage and severe traumatic brain injury. However, its role in acute ischemic stroke (AIS) remains still
unknown. Therefore, this prospective study aimed to investigate the association between admission serum glucose-phosphate ratio and
the severity and 1-year clinical outcome of AIS.

Methods: All the patients with AIS were enrolled from the Third China National Stroke Registry III. Participants were classified into
four groups according to quartiles of admission serum glucose-phosphate ratio levels. Multiple regression models and restricted cubic
splines were performed to evaluate the association between serum glucose-phosphate ratio and the severity and 1-year outcome of
patients with AIS.

Results: Among the 5,541 participants, the mean age was 62.3 years, and 69.4% patients were men. As the quartiles of admission
serum glucose-phosphate ratio increased, the median NIHSS score raised, the percentage of moderate and severe stroke elevated, and
rates of poor functional outcomes and recurrent stroke raised at one-year follow-up. After adjusting conventional risk factors, the
highest admission serum glucose-phosphate ratio-level quartile group showed an association of poor functional outcome and stroke
recurrence [OR (95% CI): 1.67 (1.28, 2.17) and HR (95% CI): 1.44 (1.08, 1.92), respectively], relative to the lowest group. Restricted
cubic splines showed no significant nonlinear relationship between serum glucose-phosphate ratio and adverse outcomes of AIS.
Conclusion: Admission serum glucose-phosphate ratio may be a potential blood biomarker for reflecting stroke severity, predicting
poor functional outcomes, and stroke recurrence.

Keywords: serum glucose-phosphate ratio, acute ischemic stroke, outcome, severity, blood biomarker

Introduction

Globally, ischemic stroke is a major cause of disabilities and mortalities, which heavily imposes an economic burden on
society.' Thus, it is vital to identify and control stroke-related risk factors early in the treatment and secondary prevention
of stroke. In recent years, the prognosis of ischemic stroke is still a research hotspot, especially regarding blood
biomarkers.” Numerous biomarkers have been examined for predicting acute ischemic stroke (AIS) outcomes.
However, many biomarkers are not yet clinically available because of high cost or access. Therefore, it is substantial
to look for simple and feasible predictors based on readily available markers from clinical practice. Circulating
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biomarkers in blood samples are clinically prevalent, and the relationship between blood biomarkers and the prognosis of
ischemic stroke has drawn more attention in recent years.>

Serum glucose and phosphate are two essential blood indicators commonly used and readily available in clinical
practice. Hyperglycemia is common in patients with AIS. Admission hyperglycemia was associated with stroke
severity,* and adverse clinical outcomes.>® Phosphorus is one of life’s most basic elements, mainly in the form of
inorganic phosphate in the human body. Previous studies have found a U-shaped relationship between serum
phosphate with poor functional outcome and an association between serum phosphate and unfavorable prognosis
with ischemic stroke.” Given the potential combined effects of serum glucose and phosphate, the serum glucose-
phosphate ratio as a novel blood biomarker has been used in aneurysmal subarachnoid hemorrhage (aSAH),® and
severe traumatic brain injury (sTBI).” However, the effect of admission serum glucose-phosphate ratio for AIS has
not been explored. Therefore, based on a nationwide prospective study, we aimed to investigate the relationship
between admission serum glucose-phosphate ratio and stroke severity and l-year clinical outcomes in patients
with AIS.

Patients and Methods

Study Population

All participants with AIS were selected from the China National Stroke Registry-III (CNSR-3). The CNSR-III was
a nationwide prospective registry for patients who were presented to hospitals with AIS or transient ischemic attack
(TIA) from August 2015 to March 2018. A total of 15,166 AIS or TIA patients (within 7 days from the onset of
symptoms) from 201 sites were recruited. Our previous studies have described specific information about the database in
detail.'® The inclusion criteria included: (1) Age >18 years; (2) Diagnosed with acute ischemic stroke; (3) Voluntarily
sign the informed consent; Exclusion Criteria: (1) diagnosed with TIA; (2) missing serum glucose and serum phosphate
values; and lost key covariates including serum hemoglobin, calcium, potassium, albumin, creatinine, or lipid value; (3)
suspected non-ischemic causes of neurological symptoms; (4) lost during the 1-year follow-up (Figure 1). Accordingly,
a total of 5,541 participants were enrolled in our study.

Standard Protocol Approvals and Patient Consents

This study was performed following the guidelines described by the Helsinki Declaration and was approved by the
Ethical Committee of Beijing Tiantan Hospital and all other recruited participating centers approved the study protocol
(IRB approval number: KY2015-001-01). Written informed consent was obtained from all participants or their legal
representatives before entering this study.

Baseline Data Collection

All participants were comprehensively and precisely assessed at admission, and variables included demographics,
medical history, vascular risk factors, important laboratory data, complications, and medication use. Demographics
included age, gender, and body mass index (BMI). Medical history and vascular risk factors included a history of
stroke, hypertension, diabetes mellitus (DM), hypercholesterolemia, coronary heart disease (CHD), atrial fibrillation,
current or previous smoking, and heavier drinking. The National Institutes of Health Stroke Scale (NIHSS) score at
admission and modified Rankin Scale (mRS) at discharge were recorded. Important laboratory data consisted of
hemoglobin, serum glucose, serum phosphate, serum potassium, serum calcium, serum albumin, estimated glomer-
ular filtration rate (eGFR), serum creatinine, total cholesterol (TC), triglycerides (TG), low-density lipoprotein
cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C). Treatment use and complication contained
antihypertensive drugs, lipid-lowering drugs, hypoglycemia drugs, and pneumonia during hospitalization. All AIS
patients were categorized into five subtypes according to the Trial of ORG 10172 in Acute Stroke Treatment
(TOAST) type: large-artery atherosclerosis, cardioembolism, small-vessel occlusion, other determined etiology, and
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patients enrolled in CNSR-III program
(n=15,166)

Excluding TIA patients (n=1,020)

Serum phosphate value missing (n=6,779)
Serum glucose value missing(n=1,212)

Key variates value missing(n=334)

Loss to one-year follow-up
(n=280)

patients included in analysis (n=5,541)

Serum glucose-phosphate ratio

<4.464 4.464-5.417 5.417-7.035 >7.035

(n=1,386) (n=1,385) (n=1,384) (n=1,386)

Figure | Flow chart of this diagram.
Abbreviation: CNSR lll, China National Stroke Registry Ill.

Serum Phosphate and Serum Glucose Examinations

Fasting blood samples were collected in serum-separation tubes and EDTA anticoagulation blood collection tubes within
24 hours of admission. The samples were measured in the Central Laboratory of Beijing Tiantan Hospital under strict
quality control standards. Serum phosphate levels were assessed with an ammonium molybdate assay using unfrozen
samples. Briefly, the phosphate ions react with ammonium molybdate and then reduced to blue molybdenum which was
finally colorimetric measured.” All measurements were performed by laboratory personnel blinded to patients’ clinical
situations.

Serum Glucose-Phosphate Ratio Calculation
The serum glucose-phosphate ratio was calculated as serum glucose concentration (mmol/L) divided by serum phosphate
concentration (mmol/L) as the below formula.®’

serum glucose concentration (mmol/L)

Th 1 — phosphate ratio =
© SCIUT gIHCOse = PROSPRALe TaHO = Cerum phosphate concentration (mmol/L)

Outcome Evaluation and Stroke Severity Assessment
Patients were followed up over the telephone one year after disease onset by trained research coordinators blinded to
baseline clinical status. Outcomes included poor functional outcomes, stroke recurrence, and all-cause mortality. Poor
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functional outcome was defined as an mRS score of 3 to 6 [mRS score ranges from 0 (no symptoms) to 6 (death)].”
Stroke recurrence included ischemic stroke or hemorrhagic stroke.'® The severity of stroke patients was assessed by
NIHSS score on admission and categorized into three groups: mild stroke (NIHSS score <5), moderate stroke (5< NIHSS
score <10), and severe stroke (NIHSS score >10)."

Statistical Analyses

Continuous variables were expressed as mean + standard deviation or median and interquartile range (IQR), as
appropriate. Categorical variables were presented as frequency and percentage. Continuous variables with normal
distribution were compared using Student’s #-test. The y2 and Fisher’s exact tests were used for comparing categorical
values. Univariate and multivariate logistic regression models were performed to compare the poor functional outcome at
one year among the quartile groups. Univariate and multivariable Cox regression models were performed to compare the
outcomes of stroke recurrence and all-cause death among the quartile groups. We further used restricted cubic spline
(RCS) models for serum glucose-phosphate ratio adjusting for covariates with 5 knots at the 5th, 25th, 50th, 75th, and
95th percentiles to explore the pattern of association between serum glucose-phosphate ratio levels and risk of stroke
clinical outcomes. All analyses were conducted with SAS version 9.4 software (SAS institute). All analyses were two-
sided, and P < 0.05 was considered statistically significant.

Results

Baseline Characteristics

In brief, 5,541 (36.5%) participants with complete baseline information and one-year follow-up were enrolled in our
analysis (Figure 1). The baseline characteristics of the included and excluded patients were well balanced in this analysis
(Supplementary Table 1). Of all the enrolled participants, the average age was 62.3 £ 11.3 years, and 3,846 (69.4%)

patients were men (Table 1). The included patients’ baseline characteristics are summarized based on their serum
glucose-phosphate ratio quartile in Table 1. The serum glucose-phosphate ratio ranged from 1.325 to 28.750, with
a median of 5.417 and 25th-75th percentile values of 4.464 to 7.035. All patients were divided into four groups according
to the serum glucose-phosphate ratio quartile. Serum glucose-phosphate ratio ranges of quartile groups were Q1 < 4.464,
4464 <Q2<5417,5.417 < Q3 < 7.035, and Q4 > 7.035, respectively. Compared with participants with lower serum
glucose-phosphate ratio, those in higher glucose-phosphate ratio quartile groups were more likely to be older (P < 0.001),
more male (P < 0.001), and more patients with slightly higher BMI (P < 0.001). In addition, individuals with a higher
glucose-phosphate ratio were more likely to have hypertension (P < 0.001), DM, hypercholesterolemia (P < 0.001), CHD
(P <0.001), treatment with antihypertensive (P < 0.001) or hypoglycemia drugs (P < 0.001), or pneumonia (P < 0.001)
during hospitalization. From the lowest to the highest quartile groups, the medians (IQR) NIHSS scores at admission
were 3 [1-6], 3 [1-6], 3 [2-6], and 4 [2-7], respectively. They also had a higher stroke severity and a higher proportion in
mRS (3-5 points, P < 0.001). History of stroke, atrial fibrillation, current or previous smoking, heavy drinker, low-
density lipoprotein cholesterol, serum potassium, lipid-lowering drugs, and TOAST subtype were comparable in serum
glucose-phosphate quartile groups (Table 1). Moreover, the levels of hemoglobin (P < 0.001), serum glucose (P < 0.001),
total cholesterol (P < 0.001), and triglycerides (P < 0.001) increased along with the serum glucose-phosphate ratio. In
contrast, serum creatinine (P < 0.001) and HDL decreased (P < 0.001) (Tables 1-3).

Table | Baseline Characteristics of the Patients According to Quartiles of Serum Glucose-Phosphate Ratio Level

Variables Total QI (<4.464) | Q2 (4.464-5.417) | Q3 (5.417-7.035) | Q4 (7.035) | P-value
(N=5,541) | (N=1,386) | (N=1,385) (N=1,384) (N=1,386)

Age (Mean#SD), y | 623%11.3 | 60.2%11.9 62.2+11.6 63.9+10.7 62.7+10.8 <0.001

Male, n (%) 3846 (69.4) | 858 (61.9) 989 (71.4) 1027 (74.2) 972 (70.1) <0.001

BMI (MeanSD) | 247434 | 243434 24.8+33 247433 250435 <0.001
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Table 2 Baseline Medical Data of the Patients According to Quartiles of Serum Glucose-Phosphate Ratio Level

Variables Total Ql (<4.464) Q2 (4.464-5.417) Q3 (5.417-7.035) Q4 (=7.035) P-value
(N=5,541) (N=1,386) (N=1,385) (N=1,384) (N=1,386)

Medical history, n (%)

History of Stroke 1168 (21.1) 265 (19.1) 293 (21.2) 297 (21.5) 313 (22.6) 0.157

Hypertension 4199 (75.8) 998 (72.0) 1042 (75.2) 1065 (77.0) 1094 (78.9) <0.001

Diabetes mellitus 1701 (30.7) 138 (10.0) 202 (14.6) 396 (28.6) 965 (69.6) <0.001

Hypercholesterolemia 2143 (38.7) 497 (35.9) 527 (38.1) 496 (35.8) 623 (44.9) <0.001

CHD 554 (10.0) 106 (7.6) 142 (10.3) 136 (9.8) 170 (12.3) <0.001

Atrial fibrillation 420 (7.6) 103 (7.4) 101 (7.3) 115 (8.3) 101 (7.3) 0.699

Current or previous smoking 2472 (44.6) 617 (44.5) 620 (44.8) 642 (46.4) 593 (42.8) 0.301

Heavy drinker 882 (15.9) 196 (14.1) 244 (17.6) 226 (16.3) 216 (15.6) 0.088

Admission NIHSS, median (IQR) 3.0 (1.0-6.0) 3.0 (1.0-6.0) 3.0 (1.0-6.0) 3.0 (2.0-6.0) 4.0 (2.0-7.0) <0.001

Admission NIHSS, n (%) <0.001

Mild (0-5) 3976 (71.8) 1037 (74.8) 1028 (74.2) 975 (70.4) 936 (67.5)

Moderate (6—10) 1145 (20.7) 250 (18.0) 277 (20.0) 293 (21.2) 325 (23.4)

Severe (>10) 420 (7.6) 99 (7.1) 80 (5.8) 116 (8.4) 125 (9.0)

Medication during hospitalization, n (%)

Antihypertensive drugs 2538 (45.8) 600 (43.3) 603 (43.5) 634 (45.8) 701 (50.6) <0.001

Hypoglycemia drugs 1435 (25.9) 114 (8.2) 160 (11.6) 302 (21.8) 859 (62.0) <0.001

Lipid-lowering drugs 5258 (94.9) 1309 (94.4) 1311 (94.7) 1325 (95.7) 1313 (94.7) 0417

Pneumonia during hospitalization, n (%) 283 (5.1) 47 (3.4) 64 (4.6) 79 (5.7) 93 (6.7) <0.001

mRS at discharge, n (%) <0.001

0-2 4525 (81.7) 1183 (85.4) 1159 (83.7) 1119 (80.9) 1064 (76.8)

3-5 1015 (18.3) 203 (14.6) 225 (16.2) 265 (19.1) 322 (23.2)

6 1 (0.0) I (0.1)

(Continued)
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Table 2 (Continued).

Variables Total Ql (<4.464) Q2 (4.464-5.417) Q3 (5.417-7.035) Q4 (=7.035) P-value
(N=5,541) (N=1,386) (N=1,385) (N=1,384) (N=1,386)

TOAST, n (%) 0.060

Large-artery atherosclerosis 1418 (25.6) 324 (23.4) 340 (24.5) 391 (28.3) 363 (26.2)

Cardioembolism 397 (7.2) 117 (8.4) 98 (7.1) 90 (6.5) 92 (6.6)

Small-vessel occlusion 1157 (20.9) 276 (19.9) 294 (21.2) 290 (21.0) 297 (21.4)

Other determined etiology 85 (1.5) 30 (2.2) 22 (1.6) 18 (1.3) 15 (1.1)

Undetermined etiology 2484 (44.8) 639 (46.1) 631 (45.6) 595 (43.0) 619 (44.7)
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Table 3 Baseline Laboratory Data of the Patients According to Quartiles of Serum Glucose-Phosphate Ratio Level

Variables Total QI (<4.464) Q2 (4.464-5.417) Q3 (5.417-7.035) Q4 (27.035) P-value
(N=5,541) (N=1,386) (N=1,385) (N=1,384) (N=1,386)
Laboratory parameters,
(MeantSD)
Hemoglobin, g/L 141.3%16.7 139.1£17.2 141.1£16.2 141.6+16.5 143.4+16.7 <0.001
Serum glucose, mmol/L 6.5+2.6 4.8+0.6 5.3+0.7 6.1%1.1 9.7+3.3 <0.001
Serum phosphate, mmol/L 1.1£0.2 1.3+0.2 1.1£0.1 1.0£0.2 1.0+0.2 <0.001
Serum calcium, mmol/L 2314 2.2+0.1 2.3+2.8 2.2+0.2 2.2+0.2 0.041
Serum potassium, mmol/L 3.9+0.4 3.9+0.4 3.9+0.4 3.9+0.4 3.9+0.4 0.099
Serum albumin, g/L 40.4+£4.0 40.0+4.1 40.2+3.8 40.6+4.0 40.7+4.2 <0.001
Serum creatinine, umol/L 74.0+31.4 75.7+45.9 74.7£23.9 74.9£25.1 70.7+25.0 <0.001
eGFR, mL/min/1.73 m2 100.2433.7 100.2£34.6 99.6+32.8 99.2+38.3 101.9+28.4 <0.001
Total cholesterol, mmol/L 4.3%1.3 4.3+1.2 42+1.2 43£1.2 45+1.4 <0.001
LDL cholesterol, mmol/L 2.6x1.1 2.6x1.1 2.6x1.1 2.6x1.1 2.6x1.1 0.371
HDL cholesterol, mmol/L 1.1£0.3 1.2£0.3 1.1£0.3 1.1£0.3 1.1£0.3 0.015
Triglycerides, mmol/L 1.6%1.2 1.5+0.8 1.5%1.0 1.6+0.9 1.9+1.7 <0.001

Abbreviations: BMI, body mass index; CHD, coronary heart disease; NIHSS, National Institutes of Health Stroke Scale; eGFR, estimated glomerular filtration rate; LDL,
low-density lipoprotein; HDL, high-density lipoprotein; mRS, modified Rankin Scale score; TOAST, Trial of org 10172 in acute stroke Treatment; Q, Quartiles; IQR,
interquartile range; and SD, standard deviation.

Association of Serum Glucose-Phosphate Ratio with Stroke Severity

Table 2, compared with patients with lower serum glucose-phosphate ratio, patients with higher levels tended to have higher
proportions of moderate to severe stroke (P<0.001). Figure 2 showed that, with increasing quartiles of serum glucose-phosphate
ratio, the number of mild AIS patients significantly declined, and the number of moderate and severe stroke participants raised.

Serum Glucose-Phosphate Ratio Level and Clinical Outcomes at One Year

Table 4 showed the one-year incidences of clinical outcomes among the eligible participants. In the lowest serum glucose-
phosphate ratio quartile group, the incidence rates of all statuses, including poor functional outcomes, recurrent stroke, and all-
cause mortality, were 10.1%, 7.3%, and 1.4%, respectively. Compared Q1 with Q4, the rates of poor functional outcomes and
recurrent stroke increased by serum glucose-phosphate ratio quartiles (P = 0.002 for poor functional outcomes; P = 0.006 for
recurrent stroke). There was no significant difference in all-cause mortality among the groups (P = 0.541).

Association Between Serum Glucose-Phosphate Ratio Levels and One Year Clinical

Outcomes

Multivariate regression analysis was used to evaluate the association between serum glucose-phosphate ratio and one-
year clinical outcomes in AIS patients (Table 5). Compared with the participants in the lowest quartile of serum glucose-
phosphate ratio (<4.464), those in the top quartile (=7.035) had a 1.44-fold increased risk of 1-year recurrent stroke (HR,
1.44; 95% CI, 1.08-1.92) and a 1.67-fold risks of 1-year poor functional outcome (OR, 1.67; 95% CI, 1.28-2.17) after
adjusting age, sex, BMI, and vascular risks (including a history of stroke, hypertension, DM, hypercholesterolemia,
CHD, current or previous smoking, and heavy drinking). However, the serum glucose-phosphate ratio at admission was
not significantly related to all-cause death at one year, and the adjusted HRs (95% CI) of the top (>7.035) quartile was
1.05 (0.51-2.16, P = 0.896).
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Figure 2 Relationship between serum glucose-phosphate ratio and stroke severity assessed by NIHSS score among patients with acute ischemic stroke. Patients were
divided into quartiles according to serum glucose-phosphate ratio.
Abbreviation: NIHSS, National Institutes of Health Stroke Scale.

The Dose—Response Relationship Between Serum Glucose-Phosphate Ratio and

Clinical Outcomes in Patients with AIS

The restricted cubic spline (RCS) was further to explore possible non-linear relationships of serum glucose-phosphate
ratio and clinical outcomes in patients with AIS. Analysis of the relationship between serum glucose-phosphate ratio and
poor outcome showed a significant overall P-value, at the same time, the non-linear association was not marginally
significant (Figure 3A, P for overall = 0.005, P for non-linearity = 0.548). We did not find any non-linear association
between serum glucose-phosphate ratio and recurrent stroke (Figure 3B, P for overall = 0.250, P for non-linearity =
0.563), with similar results for the relationship between serum glucose-phosphate ratio and all-cause death (Figure 3C,
P for overall = 0.246, P for non-linearity = 0.274).

Discussion

This study provided valuable insights into the association between admission serum glucose-phosphate ratio and the
severity and one-year clinical outcomes of AIS patients. The data highlight the potential clinical significance of this ratio
as a prognostic biomarker for AIS and offer several important implications for stroke management and research.

Table 4 Outcomes According to Quartiles of Serum Glucose-Phosphate Ratio Level at One Year

Outcomes Overall Quartile of serum glucose-phosphate ratio P-value
QI (<4.464) | Q2 (4.464-5.417) | Q3 (5.417-7.035) | Q4 (=7.035)

Poor functional outcome, n (%) | 713(12.9%) | 140 (10.1%) 173(12.5%) 180(13.0%) 220 (15.9%) 0.002

Recurrent stroke, n (%) 485 (8.8%) | 101(7.3%) 109(7.9%) 125(9.0%) 150 (10.8%) 0.006

All-cause mortality, n (%) 69 (1.2%) 19 (1.4%) 12 (0.9%) 19 (1.4%) 19 (1.4%) 0.540

Abbreviation: Q, quartiles.
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Table 5 Association of Serum Glucose-Phosphate Ratio Levels with Clinical Outcomes

Unadjusted P-value | Modell P-value | Model 2 P-value
OR/HR(95% CI) OR/HR(95% CI) OR/HR (95% CI)
Poor functional outcome
QI (<4.464) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
Q2 (4.464-5.417) | 1.27 (1.00-1.61) 0.048 1.19 (0.94-1.52) 0.156 1.19 (0.90-1.52) 0.161
Q3 (5.417-7.035) | 1.33 (1.05-1.68) 0.018 1.18 (0.93-1.50) 0.180 1.22 (0.95-1.56) 0.119
Q4 (27.035) 1.68 (1.34-2.10) <0.001 1.57 (1.25-1.98) <0.001 1.67 (1.28-2.17) <0.001
Recurrent stroke
Ql (<4.464) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
Q2 (4.464-5.417) | 1.08 (0.83-1.42) 0.564 1.07 (0.82—1.41) 0.603 1.05 (0.80-1.38) 0.715
Q3 (5.417-7.035) | 1.25 (0.96-1.62) 0.098 1.23 (0.94-1.60) 0.131 1.21 (0.92-1.59) 0.164
Q4(27.035) 1.52(1.18-1.95) <0.001 1.50(1.16-1.93) 0.002 1.44(1.08-1.92) 0.013
All-cause death
QI (<4.464) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
Q2 (4.464-5.417) | 0.63 (0.31-1.30) 0.210 0.55 (0.26—1.13) 0.104 0.55 (0.26-1.13) 0.104
Q3 (5.417-7.035) | 1.00 (0.53-1.90) 0.991 0.81 (0.43—1.55) 0.532 0.87 (0.45-1.67) 0.676
Q4 (27.035) 1.00 (0.53-1.88) 0.994 0.87 (0.46—1.65) 0.670 1.05 (0.51-2.16) 0.896

Notes: Model I: adjusted variables included age, sex. Model 2: adjusted variables included age, sex, BMI, history of stroke, hypertension,
diabetes mellitus, hypercholesterolemia, CHD, current or previous smoking and heavy drinker.
Abbreviations: BM|, body mass index; CHD, coronary heart disease; Cl, confidence interval; HR, hazard ratios; OR, odds ratios; Q, quartiles.

The current study findings suggested that AIS patients with higher serum glucose-phosphate ratios were more likely
to present with moderate to severe strokes upon admission and had a greater likelihood of experiencing poor functional
outcomes and recurrent strokes at the one-year follow-up. This association was in line with previous research linking

A 18723 to worsened neurological outcomes. The mechanisms involved may

hyperglycemia'*'7and phosphate disturbances
include: hyperglycemia, by increasing blood—brain barrier permeability and triggering post-stroke inflammation, exacer-
bates brain injury caused by cerebral ischemia/reperfusion'*'>. Simultaneously, hyperglycemia may induce neurotoxicity
and procoagulant states, worsening blood supply issues in the ischemic areas, and aggravating ischemic brain injury'®.
Furthermore, elevated blood glucose intensifies anaerobic glycolysis under ischemic conditions, leading to lactic
acidosis. Increased blood glucose speeds up anaerobic glycolysis, causing an accumulation of lactic acid, exacerbating
damage to multiple organs. The potential mechanisms between hypophosphatemia and AIS may include: firstly, lower
serum phosphate levels may result in more severe strokes as phosphate plays a crucial role in energy production and the
nutrition of nervous tissue. Secondly, low phosphate levels may impact brain vascular biology as phosphate is
a component of cell membranes.'® Thirdly, lower serum phosphate levels are associated with hypertension and metabolic
syndrome,** indicating signs of malnutrition and low physical activity.

The multivariate regression analysis adjusted for relevant factors further solidified the association between high serum
glucose-phosphate ratios and one-year adverse clinical outcomes. These findings imply that serum glucose-phosphate
ratio can add to the predictive accuracy of clinical models for AIS prognosis, potentially helping to identify high-risk
patients who may benefit from more aggressive therapeutic strategies.

The restricted cubic spline analysis provided additional insights into the dose-response relationship between serum
glucose-phosphate ratio and clinical outcomes. While the overall P-values indicated significant associations, non-linear
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Figure 3 Restricted cubic spline analysis of the association of serum glucose-phosphate ratio levels at admission with clinical outcomes in acute ischemic stroke patients.
ORs or HRs were obtained by restricted cubic spline logistic or COX regression after adjustment for confounding factors, models were adjusted for conventional risk
factors (age, sex, BMI, history of stroke, hypertension, diabetes mellitus, hypercholesterolemia, CHD, current or previous smoking, and heavy drinker). Adjusted odds ratios
(ORs) and hazard ratio (HRs) are indicated by the solid line, and 95% confidence intervals are indicated by the dashed lines. The knots placed were placed at the fifth, 25th,
50th, 75th, and 95th percentiles and the median value of serum glucose-phosphate ratio (5.417) as the reference point. (A) Poor functional outcome. (B) Recurrent stroke.

(C) All-cause death.
Abbreviations: BMI, body mass index; CHD, coronary heart disease; Cl, confidence interval; HR, hazard ratios; OR, odds ratios.

relationships were not observed, suggesting that the relationship between serum glucose-phosphate ratio and poor
outcome is primarily linear. This further supports the notion that serum glucose-phosphate ratio may serve as

a continuous predictor of AIS outcomes.

Considering the discussion on hyperglycemia and serum phosphate levels, the combined effect of serum phosphate
and glucose concentration makes the serum glucose-phosphate ratio a readily available and non-invasive biomarker for
risk stratification in AIS patients. It could be potentially used to identify patients at higher risk of poor outcomes,
allowing for more targeted treatment strategies and interventions. It also could be used to improve prognostication, aiding

in informed decision-making regarding patient care.
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However, this study has certain limitations. Firstly, the exclusion of patients due to missing key covariates and follow-
up data may have introduced selection bias. Additionally, variability in acute ischemic stroke treatment protocols across
participating centers may have influenced the association between serum glucose-phosphate ratio and stroke outcomes.
Secondly, we only assessed the serum glucose-phosphate ratio at admission, which reflects the initial status of AIS.
Future research should explore the impact of dynamic changes in this ratio on AIS progression. Moreover, while our
findings may have general applicability, the predictive accuracy of this biomarker across distinct populations (eg, age
groups and ethnic backgrounds) remains uncertain. Differences in metabolic conditions and neuroprotective mechanisms
across age groups could alter the clinical relevance of the serum glucose-phosphate ratio. Lastly, given that this study
focused on a Chinese AIS population, validation in other populations is warranted to confirm broader applicability.

This study provides a new perspective on the use of the serum glucose-phosphate ratio in AIS. Our findings indicate
that this ratio not only effectively predicts stroke severity and clinical outcomes but also shows promise in assessing
recurrence risk. This innovation offers clinicians a valuable tool for managing stroke patients, particularly in personalized
treatment strategies. Future research should explore its applicability across different populations and treatment contexts
to enhance its clinical use. Specifically, conducting longitudinal studies to assess the dynamic changes in the serum
glucose-phosphate ratio over time in stroke patients could provide deeper insights into its prognostic value. Additionally,
research focusing on specific populations, such as different age groups and ethnic backgrounds, will help determine the
predictive accuracy of this biomarker and its relevance in diverse clinical settings.

Conclusions

In summary, our results first revealed that the baseline serum glucose-phosphate ratio was related to stroke severity and
positively associated with poor functional outcomes and recurrent stroke. Future research should focus on validating the
utility of serum glucose-phosphate ratio in larger and more diverse patient populations and exploring the underlying
mechanisms connecting this ratio to AIS prognosis. In clinical practice, because of the convenience and availability of
serum glucose and phosphate in almost all hospitals, this biomarker may become a valuable tool in assessment for AIS
patients, helping clinicians identify those at higher risk for severe strokes and adverse long-term outcomes.
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