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Stress hyperglycemia is associated

with early neurologic deterioration in patients
with acute ischemic stroke after intravenous
thrombolysis without hemorrhagic
transformation
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Weihua Mai' and Lei Zhang""

Abstract

Background This aimed to elucidate the impact of stress hyperglycemia on early neurological deterioration (END)
in patients with acute non-cardiogenic cerebral infarction who did not experience hemorrhagic transformation
following intravenous thrombolysis to identify risk factors associated with END.

Methods This retrospective case-control study analyzed data from consecutive patients who received intravenous
thrombolysis for acute ischemic stroke (AIS) without hemorrhagic transformation at the Stroke Center of The Fifth
Affiliated Hospital of Sun Yat-sen University from January 2018 to February 2023. END was defined as an increase of
more than 2 points on the National Institutes of Health Stroke Scale (NIHSS) within 7 days of admission.

Results A total of 250 patients (56 males, 22.4%) were included, with a mean age of 63.34+12.90 years. Of them, 41
were classified into the END group and 209 into the non-END group. Stress hyperglycemia ratio (SHR) demonstrated
a significant correlation with END (r=-0.003, P=0.003). HbA1c (OR=0.68, 95% Cl: 0.481-0.921) and SHR (OR=0.00,
95% Cl: 0.0-0.051) were independently associated with END. Receiver-operating characteristic (ROC) curve analysis
indicated that SHR had a sensitivity of 79.9%, specificity of 88.8%, and an area under the curve (AUC) of 0.857 for
predicting END.

Conclusions SHR was significantly associated with END in patients with acute non-cardioembolic cerebral infarction
who did not undergo hemorrhagic transformation after intravenous thrombolysis.
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Introduction

Acute ischemic stroke (AIS) is a leading cause of death
and long-term disability worldwide [1], and its current
primary treatments are intravenous thrombolysis and
endovascular procedures, which are typically adminis-
tered during the early phases of stroke management [2].
However, the effectiveness of these reperfusion thera-
pies is limited by a strict time window, resulting in fewer
than 10% of patients receiving these interventions [3].
A significant complication of stroke is early neurologi-
cal deterioration (END), which is characterized by an
increase of more than 2 points on the National Institutes
of Health Stroke Scale (NIHSS) within 72 h of the initial
assessment. Although the definitions of END can vary,
its occurrence notably increases the risk of both mor-
bidity and mortality [4, 5]. While extensive research has
focused on END following hemorrhagic transformations
after thrombolysis, there is limited investigation into
END in patients with non-cardiogenic cerebral infarc-
tion who do not experience hemorrhagic transformation
[6]. Herein, we designed this study to address this gap by
examining the impact of stress hyperglycemia on END in
patients with acute non-cardiogenic cerebral infarction,
excluding those with hemorrhagic transformation follow-
ing intravenous thrombolysis and to identify risk factors
associated with END in this specific patient population.

Materials and methods

Study participants

Patients and the general public were not involved in the
design or execution of this study.

Study design and criteria

This retrospective case-control study involved the
retrieval and assessment of data from consecutive
patients who underwent intravenous thrombolysis for
AIS without hemorrhagic transformation at the Stroke
Center of The Fifth Affiliated Hospital of Sun Yat-sen
University between January 2018 and February 2023. All
cases were diagnosed and managed according to a stan-
dardized protocol and care pathway, in adherence to
established guidelines [7].

Inclusion criteria: Adults aged 18 years and older who
presented with symptoms of AIS within 72 h of admis-
sion were included. AIS was confirmed by computed
tomography (CT) scan or magnetic resonance imaging
(MRI). Patients received intravenous thrombolytic ther-
apy and did not experience hemorrhagic transformation
during hospitalization.

Exclusion criteria: Patients were excluded if they had a
history of psychiatric disorders, conditions that impeded
NIHSS assessment, traumatic brain injury, or if they died
before assessment.
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Patients who experienced END during hospitalization
were classified into the END group, while those who did
not experience END were placed in the non-END group.
END was defined as an increase in NIHSS score of more
than 2 points within 7 days after admission [5].

Data collection and definitions

Demographic, clinical and laboratory data were extracted
from patient records. The information collected included
age, sex, smoking status, alcohol use, and medical history
(including hypertension, diabetes, hyperlipidemia, previ-
ous transient ischemic attack, ischemic stroke, ischemic
heart disease, atrial fibrillation, and heart failure). Labo-
ratory measures included blood glucose, glycated hemo-
globin (HbA1lc), lipids, and homocysteine levels. Stroke
classification was based on the Trial of Org 10,172 in
Acute Stroke Treatment (TOAST) criteria [8]. Additional
data included the affected cerebral areas and the NIHSS
score upon admission. The impact of stroke on cerebral
circulation was categorized as anterior, posterior, or both.
Stroke types were grouped into large-artery atheroscle-
rosis, cardioembolism, small-artery occlusion, stroke of
another determined etiology, or stroke of undetermined
etiology. Dyslipidemia was identified either through lipid
profile measurements (cholesterol or triglyceride levels)
or the use of medications such as statins. Smoking was
defined as consistent smoking for more than six months
[9].

Neuroimaging analysis

Neuroimaging data were comprehensively evaluated
by both a radiologist and a neurologist, with the results
being validated through mutual consensus. The neuro-
imaging assessment included detailed information on the
affected cerebral circulation, the location of the infarc-
tion, and the subtype of the stroke. The impact of the
stroke on cerebral circulation was categorized into three
groups: anterior, posterior, or both. Stroke types were
classified according to the Trial of Org 10,172 in Acute
Stroke Treatment (TOAST) criteria, which include large-
artery atherosclerosis, cardioembolism, small-artery
occlusion, stroke of determined etiology, or stroke of
undetermined etiology [8]. Carotid unstable plaques were
evaluated using ultrasound based on the following cri-
teria: a plaque is defined as a focal structure protruding
into the arterial lumen by at least 0.5 mm or 50% of the
surrounding intima-media thickness (IMT) or as having
a thickness of 1.5 mm when measured from the media-
adventitia interface to the intima-lumen interface [10].

Statistical analysis

Statistical analyses were conducted using SPSS (IBM
Corp, Armonk, NY, USA) and the R programming
language (version 4.0.2; R Foundation for Statistical
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Computing, Vienna, Austria). Continuous data were
presented as mean+SD or median (interquartile range),
while categorical data were expressed as frequencies (%),
depending on their distribution. Group comparisons
were performed using t-tests, Mann-Whitney U-tests,
chi-square tests, or Fisher’s exact tests, as appropriate.
Factors associated with END were identified through
Spearman correlation analysis and multivariable logistic
regression, including variables that were significant in
univariate analysis. The logistic regression model pro-
vided adjusted odds ratios (OR) with 95% confidence
intervals. The area under the curve (AUC) was calculated
to assess the accuracy of the test. A p-value of <0.05 was
considered statistically significant.

Results

Patients’ characteristics

This study included 250 patients, of whom 56 were male
(22.4%), and the mean age was 63.34+12.90 years. Among
these, 41 were classified into the END group, while 209
were in the non-END group. The mean age for the END
group was 63.54+12.53 years, compared to 63.31+£12.97
years for the non-END group (Table 1). Smoking was
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more prevalent in the END group (58.54%) compared to
the non-END group (44.02%), though this difference was
not statistically significant (P=0.088). Similarly, alcohol
use was higher in the END group (29.27%) compared to
the non-END group (18.66%), but this difference was also
not statistically significant (P=0.123). Hypertension was
common in both groups (67.94% in the non-END group
vs. 65.85% in the END group, P=0.794). Diabetes mel-
litus was present in 27.27% of the non-END group and
41.46% of the END group, approaching statistical signifi-
cance (P=0.069). Hyperlipidemia and a history of stroke
or transient ischemic attack (TTIA) were similar between
the groups. Admission systolic blood pressure (SBP) was
159.00 mmHg in the non-END group and 167.00 mmHg
in the END group (P=0.238). Diastolic blood pressure
(DBP) was 89.00 mmHg in the non-END group and 84.00
mmHg in the END group (P=0.136). NIHSS scores at
admission were comparable between the groups, with a
median score of 3.00 in both groups (P=0.601). Notably,
homocysteine levels were significantly higher in the END
group (15.45 umol/L) compared to the non-END group
(12.98 pumol/L, P=0.005). The stress hyperglycemia ratio
(SHR) was lower in the END group (0.87) compared to

Table 1 Comparison of baseline clinical characteristics between the END and Non-END groups

Clinical characteristics No. of cases (n=250) Non-END (n=209) END (n=41) P value
Age, mean(£SD) 63.34+12.90 63.31+£1297 63.54+12.53 0917
Male, n (%) 56(22.40) 48(22.98) 8(19.51) 0.628
Alcohol use, n(%) 51(20.40) 39(18.66) 12(29.27) 0.123
Smoker, n(%) 116(46.40) 92(44.02) 24(58.54) 0.088
Alcohol use, n(%) 51(20.40) 39(18.66) 12(29.27) 0.123
Diabetes mellitus, n (%) 74(29.60) 57(27.27) 17(41.46) 0.069
Hypertension, n(%) 169(67.60) 142(67.94) 27(65.85) 0.794
Hyperlipidemia, n (%) 89(35.60) 73(34.93) 16(39.02) 0.616
History of stroke or TIA, n(%) 81(32.40) 68(32.54) 13(31.71) 0917
SBP at admission (mmHg), median[IQR] 162.00[145.00,176.00] 159.00[145.00,175.00] 167.00[142.00,179.00] 0.238
DBP at admission (mmHg), median[IQR] 88.00[80.00,98.00] 89.00[80.00,98.00] 84.00[78.00,98.00] 0.136
NIHSS at admission, median(IQR] 3.00(1.00,7.00] 3.00[1.00,6.00] 3.00[1.00,7.00] 0.601
DNT(min), median([IQR] 38.00[29.00,52.00] 37.00[29.00,52.00] 39.00[26.00,53.00] 0.893
T-CH (mmol/L), median[IQR] 4.40[3.56,5.23] 4.39[3.64,5.25] 4.51[2.64,5.06] 0.205
TG (mmol/L), median[IQR] 1.37[0.98,1.97] 1.30[0.98,1.92] 1.67(1.18,2.09] 0.137
LDL-C (mmol/L), median[IQR] 2.76[2.07,3.40] 2.76[2.06,3.38] 2.93[2.10,3.41] 0.984
Homocysteine (umol/L), median[IQR] 13.38[10.90,16.82] 12.98[10.82,16.56] 15.45[13.64,18.73] 0.005*
HbA1c(%), median[IQR] 5.90[5.50,6.60] 5.90(5.50,6.50] 6.00[5.40,7.20] 0.974
SHR, median[IQR] 0.91[0.86,0.97] 0.92[0.88,0.98] 0.87[0.82,0.95] 0.003*
TOAST subtype, n(%) 0.279

LAA 108(43.200) 85(40.670) 23(56.098)

SOE 32(12.800) 27(12.919) 5(12.195)

SAA 105(42.00) 93(44.500) 12(29.268)

SUE 5(2.00) 4(1.91) 1(2.44)
Carotid unstable plaque, n(%) 162(64.80) 136(65.07) 26(63.42) 0.839
Cerebral circulation affected by stroke, n(%) 0.693

Anterior circulation 162(64.80) 135(64.59) 27(65.85)

Posterior circulation 53(21.20) 46(22.01) 7(17.07)
Both 35(14.00) 28(13.40) 7(17.07)
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Fig. 1 Comparison of SHR, HbA1c between the END group and the non-END group
Table 2 Spearman correlation analysis for END
Variables END Age Male NIHSS at admission DNT (min) LDL-C (mmol/L) HbA1c SHR
END 0.000* 0.815 0.629 0.601 0.892 0.983 0.977 0.003*
Age 0.815 0.000* 0.663 0.000 0.851 0.000* 0.027* 0.096
Male 0.629 0.663 0.000* 0.392 0.822 0338 0.839 0.656
NIHSS at admission 0.601 0.000* 0.392 0.000* 0.305 0.719 0.255 0.162
DNT (min) 0.892 0.851 0.822 0.305 0.000* 0430 0409 0493
LDL-C (mmol/L) 0.983 0.000* 0.338 0.719 0430 0.000* 0.737 0475
HbATc 0.977 0.027 0.839 0.255 0.409 0.737 0.000* 0.000%*
SHR 0.003* 0.096 0.656 0.162 0493 0475 0.000* 0.000*

*P<0.05. END: early neurological deterioration; NIHSS: National Institutes of Health Stroke Scale; HbAlc: glycated hemoglobin; LDL-C: low-density lipoprotein
cholesterol; SHR: stress hyperglycemia ratio; IQR: interquartile range; SD: standard deviation;

the non-END group (0.92, P=0.003) (Fig. 1). Other lab-
oratory parameters, including triglycerides, total cho-
lesterol, LDL-C, and HbAlc, showed no significant
differences between the groups. The TOAST classifica-
tion revealed a higher prevalence of large artery athero-
sclerosis in the END group (56.10%) compared to the
non-END group (40.67%), although this difference was
not statistically significant (P=0.279). Small artery occlu-
sion was more common in the non-END group (44.50%)
than in the END group (29.27%). Carotid unstable plaque
presence and affected cerebral circulation did not differ
significantly between the groups. These findings suggest
a potential role of metabolic and biochemical factors,
particularly blood glucose levels and the SHR, in END
following intravenous thrombolysis in stroke patients
without hemorrhagic transformation.

* P<0.05. END: early neurological deterioration; SD:
standard deviation; TIA: transient ischemic attack; SBP:
systolic blood pressure; DBP: diastolic blood pressure;
IQR: interquartile range; NIHSS: National Institutes of
Health Stroke Scale; DNT: door-to-needle time; ONT:
onset-to-needle time; HbAlc: glycosylated hemoglobin;
SHR: stress hyperglycemia ratio.

Correlation analysis of risk factors for END

Spearman correlation analysis was conducted to exam-
ine the relationships between various clinical variables
and END (Table 2; Fig. 2), and the results revealed a
significant correlation between END and the SHR (r =
-0.003, P=0.003), indicating that a lower SHR is associ-
ated with a higher likelihood of END. Conversely, age did
not exhibit a significant correlation with END (r=0.000,
P=0.815). Similarly, gender (male) was not significantly
correlated with END (r=0.629, P=0.629). The NIHSS
score at admission also did not show a significant cor-
relation with END (r=0.601, P=0.601). Door-to-needle
time (DNT) was not significantly correlated with END
(r=0.892, P=0.892). Low-density lipoprotein choles-
terol (LDL-C) levels and glycated hemoglobin (HbAlc)
levels did not exhibit significant correlations with END
(r=0.983, P=0.983 and r=0.977, P=0.977, respectively).
These findings underscore the significant association
between SHR and END, suggesting that stress hypergly-
cemia may play a role in END in stroke patients. Other
variables, including age, gender, NIHSS score, DNT,
LDL-C, and HbA1c, did not show significant correlations
with END in this cohort.
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Table 3 Logistic regression analysis of factors associated with END
Predictor Estimate SE Y4 P Odds Ratio Lower Upper
(Intercept) 8.952
Age -0.006 0.014 -0.384 0.701 0.995 0.967 1.023
Male -0.118 0.441 -0.268 0.789 0.889 0.353 2.031
NIHSS at admission 0.02 0.033 0.607 0.544 1.02 0.952 1.085
DNT 0.001 0.006 0.085 0.932 1.001 0.988 1.012
LDL-C(mmol/L) -0.095 0.175 -0.545 0.586 0.909 0.64 1273
HbAlc -0.376 0.164 -2.293 0.022* 0.687 0481 0.921
SHR -8.398 2.942 -2.855 0.004* 0.0 0.0 0.051
*P<0.05
OR(95%CI) Regression analysis of END and clinical factors

Predictor OR(95%Cl) To identify independent predictors of END, logistic

age ‘ 0.995(0.967,1.023) regression analysis was performed, adjusting for poten-

NIHSS at adminssion IR 1.020(0.952,1.085) tial confounders. The results are summarized in Table 3

DNT(min) .i. 1.001(0.988,1.012) and illustrated in Fig. 3. The logistic regression analy-

LDL-C(mmol/l) _.1:_ 0.909(0.640,1.273) sis included several predictors: age, gender, NIHSS

HbA1c +: 0.687(0.481,0.921) score at admission, DNT, LDL-C levels, HbAlC, and

SHR - i 0.000(0.000,0.051) the SHR. The intercept of the model was estimated at

Sex(male) ——=i——— 0.889(0.353,2.031) 8.952. Age was not a significant predictor of END (Esti-

1t T 1T 1
0 05 1 15 2

Fig. 3 Forest plot related to END

mate = -0.006, SE=0.014, Z = -0.384, P=0.701), with an
OR of 0.995 (95% CI: 0.967—-1.023). Gender (male) also
did not significantly predict END (Estimate = -0.118,
SE=0.441, Z = -0.268, P=0.789), with an OR of 0.889
(95% CI: 0.353-2.031). The NIHSS score at admis-
sion did not show a significant association with END
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Table 4 Receiver operating characteristic curve of factors in distinguishing END

Variable AUC Sensitivity Specificity Youden index Cutoff
HbAlc 0.501(0.411-0.607) 0.415(0.271-0.607) 0.789(0.634-0.858) 0.204(0.081-0.325) 6.700(6.300-7.052)
SHR 0.645(0.546-0.737) 0.799(0.583-0.858) 0.888(0.377-0.778) 0.287(0.178-0.478) 0.857(0.849-0.913)
1.0
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Fig.4 ROC curve for END

(Estimate=0.020, SE=0.033, Z=0.607, P=0.544), with an
OR of 1.020 (95% CI: 0.952—1.085). Similarly, DNT was
not a significant predictor (Estimate=0.001, SE=0.006,
Z=0.085, P=0.932), with an OR of 1.001 (95% CI: 0.988—
1.012). LDL-C levels did not significantly predict END
(Estimate = -0.095, SE=0.175, Z = -0.545, P=0.586),
with an OR of 0.909 (95% CI: 0.640-1.273). In contrast,
HbAlc emerged as a significant predictor of END (Esti-
mate = -0.376, SE=0.164, Z = -2.293, P=0.022), with an
OR of 0.687 (95% CI: 0.481-0.921), indicating that higher
HbAlc levels were associated with a reduced risk of
END. The SHR was also a significant predictor (Estimate
=-8.398, SE=2.942, Z = -2.855, P=0.004), with an OR of
0.0 (95% CI: 0.0-0.051), suggesting a strong association
between a lower SHR and increased likelihood of END.
These findings highlight the significant role of metabolic
factors, particularly HbAlc and SHR, in the risk of END
in stroke patients. Other variables, including age, gender,
NIHSS score, DNT, and LDL-C, did not show significant
associations with END in this analysis.

Receiver operating characteristic curve of factors for
distinguishing END

The ROC curve analysis was conducted to evaluate the
ability of different factors to distinguish END. The results
are detailed in Table 4 and illustrated in Fig. 4. The AUC
for HbAlc was 0.501 (95% CI: 0.411-0.607), indicating
poor discriminatory power. The sensitivity and specificity
for HbAlc were 0.415 (95% CI: 0.271-0.607) and 0.789
(95% CI: 0.634—0.858), respectively. The Youden Index
was 0.204 (95% CI: 0.081-0.325), and the optimal cutoff
value was 6.700 (95% CI: 6.300-7.052). In contrast, the
SHR demonstrated better discriminatory ability with an
AUC of 0.645 (95% CI: 0.546-0.737). The sensitivity for
SHR was 0.799 (95% CI: 0.583-0.858), and the specific-
ity was 0.888 (95% CI: 0.377-0.778). The Youden Index
for SHR was 0.287 (95% CI: 0.178-0.478), with a cut-
off value of 0.857 (95% CI: 0.849-0.913). These results
indicate that SHR has superior discriminatory power in
identifying patients at risk of END compared to HbAlc,
evidenced by its higher AUC, sensitivity, and specificity.
The cutoff values for both HbAlc and SHR can be uti-
lized as reference points in clinical practice to identify
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patients at higher risk for END. The ROC analysis under-
scores the potential utility of SHR as a more reliable
marker for predicting END in stroke patients, highlight-
ing the importance of managing stress hyperglycemia in
this population.

Discussion

This study aimed to elucidate the impact of the SHR on
END in patients with cerebral infarction who underwent
intravenous thrombolysis without hemorrhagic trans-
formation. Additionally, the study sought to identify risk
factors associated with END in this patient population.
Our findings indicate that both HbAlc and SHR are sig-
nificant predictors of END, with SHR demonstrating a
particularly strong association. Notably, SHR exhibited
a higher AUC compared to HbAlc, suggesting that SHR
is a more reliable marker for distinguishing END. These
results highlight the importance of monitoring both
HbAlc and SHR in patients with acute non-cardiogenic
cerebral infarction who have not experienced hemor-
rhagic transformation after intravenous thrombolysis.
Such monitoring may aid in predicting and potentially
mitigating the risk of END. Our study underscores the
need for further research to explore the mechanisms
underlying these associations and to develop targeted
interventions for patients at risk of END.

Stroke remains a major global health issue, ranking as
the second leading cause of death and significantly con-
tributing to disability worldwide [11]. It accounts for
approximately 11% of all fatalities, with substantial varia-
tions in prevalence across different regions and demo-
graphic groups [12]. Notably, stroke incidence is higher
in low- and middle-income countries compared to high-
income nations, with age-standardized incidence rates in
less affluent areas being nearly twice as high as those in
more affluent regions [13, 14]. This discrepancy under-
scores the influence of socioeconomic factors on stroke
vulnerability.

Ischemic stroke, characterized by disrupted blood sup-
ply to the brain, requires prompt medical intervention to
minimize cerebral injury and improve patient outcomes
[15]. The primary treatments for AIS include reperfusion
therapy, which consists of intravenous thrombolysis with
recombinant tissue plasminogen activator (rtPA) and
mechanical thrombectomy [16]. These therapies aim to
restore blood flow to affected brain regions. Despite the
potential benefits of acute interventions, their effective-
ness is limited by a narrow therapeutic window, the risk
of hemorrhagic transformation, and the varied etiologies
of stroke. Recent studies have shown that tirofiban can
reduce the risk of END, although the incidence of intra-
cranial hemorrhage was slightly higher with tirofiban [17,
18].
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Complications following a stroke significantly con-
tribute to elevated morbidity and mortality rates, with
approximately 5.5 million stroke-related deaths reported
globally each year [5]. END, characterized by the wors-
ening of neurological status within the first few hours
or days post-stroke, affects approximately 10-20% of
patients [19]. END is linked to poorer functional out-
comes, increased disability, and higher mortality rates
[18, 20]. Preventive strategies for END emphasize main-
taining hemodynamic stability, rigorous blood glucose
control, and close monitoring for any signs of deteriora-
tion [21]. The variability in the incidence of END under-
scores the necessity for personalized care and highlights
the need for continued research to identify high-risk
individuals and develop targeted interventions [13].

The pathophysiology of END in ischemic stroke is mul-
tifaceted and not fully understood. END can arise from
various mechanisms, including the expansion of the
initial infarct due to ongoing ischemia, unstable athero-
sclerotic plaques, cerebral edema leading to increased
intracranial pressure, hemorrhagic transformation within
the infarcted area, and secondary embolic events [22].
Additionally, post-ischemic inflammatory responses can
exacerbate tissue damage, significantly contributing to
the onset of END [23]. Despite extensive research, sub-
stantial knowledge gaps remain regarding the specific
triggers and underlying mechanisms of END. The het-
erogeneity of stroke pathology, along with the influence
of comorbidities and pre-existing conditions, complicates
the identification of consistent predictors or therapeutic
targets for END [22]. Moreover, the variability in the tim-
ing of neurological decline among patients presents chal-
lenges in determining optimal intervention windows.

Current research faces several challenges, including
the rapid and accurate identification of patients at high
risk for END, the development of effective therapeutic
strategies to prevent or mitigate END, and the establish-
ment of standardized criteria for defining and evaluat-
ing neurological decline. Therefore, managing END in
ischemic stroke continues to be a significant challenge
in stroke care [24, 25], underscoring the urgent need for
ongoing research to elucidate the underlying mecha-
nisms and develop effective prevention and treatment
strategies. While many studies have focused on END
related to hemorrhagic transformation following throm-
bolysis in acute cerebral infarction, there is a notable lack
of research on END associated with non-hemorrhagic
transformation after thrombolysis in patients with acute
cerebral infarction caused by non-cardiogenic embolisms
[26].

It has been widely reported that stress hyperglycemia
contributes to poor prognosis in patients experienc-
ing acute ischemic stroke (AIS). However, its predictive
value for early neurological deterioration (END) after
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intravenous administration of recombinant tissue-type
plasminogen activator (IV-rtPA) in AIS patients is still
unclear [27]. The SHR is a metric used to assess the
degree of hyperglycemia in acutely ill patients relative
to their estimated baseline glucose levels. SHR aims to
differentiate between true diabetic hyperglycemia and
stress-induced glucose elevations, which have distinct
implications for patient outcomes and management
approaches [28]. Recently, SHR has gained recognition
as an important prognostic indicator. Several studies
have demonstrated that a higher SHR is associated with
poorer outcomes in patients with acute coronary syn-
dromes (ACS) [29]. Elevated SHR may indicate a higher
risk of mortality, increased incidence of heart failure, and
a greater likelihood of adverse cardiovascular events [30].

The mechanisms linking an elevated SHR to adverse
cardiovascular outcomes are complex and multifaceted
[31]. Stress-induced hyperglycemia can exacerbate oxida-
tive stress and inflammation, leading to endothelial dys-
function and plaque instability [32]. Additionally, acute
hyperglycemia may negatively impact myocardial func-
tion by altering myocardial metabolism and increasing
the susceptibility of cardiomyocytes to ischemic injury
[33]. Elevated stress-related hyperglycemia is often asso-
ciated with increased levels of stress hormones such as
cortisol and catecholamines, which can further exacer-
bate cardiovascular instability and contribute to poor
outcomes [28].

The SHR has been extensively examined in the con-
text of AIS and transient ischemic attacks (TIA). How-
ever, the influence of SHR on stroke prognosis remains
debatable [4]. Previous research has often focused on
absolute hyperglycemia as a determinant of stroke out-
comes, overlooking variations in patients’ baseline blood
glucose levels. This oversight could confound the analysis
of hyperglycemia’s impact on prognosis [34]. To address
this, SHR incorporates baseline glycemia into analyses,
emphasizing the relative increase in blood glucose levels.
Several studies have underscored the importance of SHR
in predicting both short-term and long-term outcomes
for AIS patients [35]. Elevated SHR has been linked to
more severe initial neurological deficits, a higher inci-
dence of END, and poorer functional outcomes at dis-
charge and follow-up [6]. Despite its prognostic value,
the use of SHR in ischemic cerebrovascular disease is still
debated. A major point of contention is the variability in
threshold values used to define elevated SHR, which dif-
fers widely across studies and populations. Furthermore,
there is ongoing debate about whether adverse outcomes
in AIS patients are primarily driven by hyperglycemia
itself or by the underlying stress response. Some experts
advocate targeting hyperglycemia to improve patient out-
comes, while others suggest that focusing on the overall
stress response might be more beneficial [36].
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In this study, we found that the SHR was indepen-
dently associated with adverse clinical outcomes, even
after adjusting for other clinical risk factors. Both hyper-
glycemia at presentation and the increase in glucose lev-
els, as indicated by SHR, were linked to poor functional
outcomes. A high SHR may contribute to dysregulated
inflammatory responses, which can lead to cerebral vaso-
constriction and reduced cerebral blood flow, thereby
impairing functional recovery [37]. This response is trig-
gered by a surge in catecholamines, cortisol, and other
inflammatory mediators, which promotes rapid glycoge-
nolysis and the release of glucose from hepatic glycogen
stores into the bloodstream. Consequently, it appears
that acute fluctuations in glucose concentration, rather
than persistently high blood glucose levels, are respon-
sible for the observed adverse clinical outcomes.

The exact mechanisms by which the SHR influences
outcomes in ischemic cerebrovascular disease remain
under investigation, but several pathways are believed
to be involved. Firstly, stress-induced hyperglycemia is
associated with heightened inflammatory and neurohor-
monal responses, increased endothelial cell apoptosis,
and elevated oxidative stress [38]. This oxidative stress
activates matrix metalloproteinase gelatinase B (MMP-
9), compromising the integrity of the blood-brain barrier
(BBB) and leading to increased BBB permeability, which
heightens the risk of brain edema and hemorrhage fol-
lowing reperfusion [39]. It has been shown that stress
hyperglycemia predicts hemorrhagic transformation in
AIS patients [40]. Secondly, stress hormones stimulate
hepatic gluconeogenesis while inhibiting glucose uptake
in peripheral tissues [41]. Pro-inflammatory cytokines
can enhance the expression and membrane localization
of glucose transporters GLUT-1 and GLUT-3, which
promotes glucose uptake by insulin-independent tis-
sues, including the central nervous system [42]. Excessive
cellular glucose leads to increased brain lactate produc-
tion, which may transform asymptomatic tissue into
symptomatic tissue [43]. Thirdly, both acute and chronic
hyperglycemia contribute to a prothrombotic state and
may promote thrombus extension, which is closely linked
to END [4]. This involves hyperglycemia and hyperinsu-
linemia elevating the expression of plasminogen activa-
tor inhibitor-1 (PAI-1), thereby reducing rt-PA activity
[44]. Additionally, hyperglycemia can disrupt the endo-
thelial glycocalyx layer, release coagulation factors, and
increase platelet-endothelial adhesion [45]. The mecha-
nisms underlying hyperglycemia-induced hypercoagu-
lability are complex and warrant further investigation.
Furthermore, stress hyperglycemia may reflect transient
glycemic variability, which specifically induces oxida-
tive stress [46]. Previous research has demonstrated that
greater glycemic variability in AIS patients is associated
with lower rates of neurological improvement during
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hospitalization, potentially due to increased oxidative
stress [47]. Finally, the extent of stress hyperglycemia may
serve as an indicator of disease severity; in AIS patients,
it can reflect the degree of ischemic injury, with severe
neurological impairment closely related to endothelial
dysfunction.

Our study also found that Hemoglobin Alc (HbAlc)
can serve as a predictor of neurological deterioration
following thrombolysis in patients with AIS. HbAlc
is a form of hemoglobin covalently bonded to glucose,
reflecting average blood glucose levels over the preceding
two to three months, which corresponds to the lifespan
of red blood cells [48]. This biomarker is commonly used
in clinical settings to monitor long-term glycemic control
in diabetic patients [49, 50]. Elevated HbAlc levels have
been associated with the occurrence, progression, and
prognosis of ischemic stroke. Specifically, high HbAlc
levels correlate with an increased risk of both developing
ischemic stroke and experiencing poorer outcomes after
a stroke event [51]. The mechanisms by which HbAlc
could predict END in AIS patients are complex. Elevated
HbAlc levels indicate chronic hyperglycemia, which
may exacerbate ischemic injury through several path-
ways [52]. Chronic hyperglycemia can lead to endothe-
lial dysfunction, increased oxidative stress, and elevated
levels of inflammatory markers. These factors collectively
contribute to increased vulnerability of cerebral vascula-
ture and neural tissue during an ischemic event. Further-
more, high HbAlc levels can promote a prothrombotic
state, raising the risk of thrombus formation and exten-
sion, which may result in more extensive brain damage
and poorer recovery outcomes [53]. Elevated HbAlc may
also reflect poor pre-stroke glycemic control, indicating
underlying vascular pathology that predisposes patients
to ischemic damage and its complications. Additionally,
pre-existing hyperglycemia might impair the efficacy of
thrombolytic therapy by increasing blood-brain barrier
permeability, thereby raising the risk of hemorrhagic
transformation.

However, HbAlc measurement is not without limi-
tations. Its reliability as a marker can be compromised
under various conditions, including significant anemia,
hemoglobinopathies, recent blood transfusions, and
chronic kidney disease. These conditions can affect the
lifespan of red blood cells or alter hemoglobin struc-
ture, potentially leading to misleading HbA1c levels [54].
Therefore, while HbAlc is a convenient and widely acces-
sible marker, clinicians must be aware of these potential
confounders when interpreting results [55].

This study had several limitations. It is a retrospec-
tive observational study with a modest sample size and
was conducted at a single center. Additionally, patients
who received endovascular therapy after intravenous
thrombolysis (IV-rtPA) were excluded, which may have
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introduced selection bias. The study relied on admission
blood glucose levels to calculate the SHR without consid-
ering glycemic changes and control at other time points.
Furthermore, diabetes diagnosis was based on past medi-
cal history and HbAlc levels, without a detailed assess-
ment of the patients’ prior glycemic status. Despite these
limitations, the study’s strengths include a rigorous selec-
tion process and the inclusion of patients from a well-
defined center.

In conclusion, this study suggests that SHR can be a
valuable predictor of END in patients with AIS following
intravenous thrombolysis. Large-scale, multicenter stud-
ies are still needed to further elucidate the role of SHR in
predicting END in these patients.
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