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Abstract: Background: Elevated admission glucose and hemoglobin A1c (HbA1c) levels have been
suggested to be associated with 90-day functional outcomes in acute ischemic stroke (AIS) patients
with endovascular thrombectomy (EVT). However, whether the prognostic significance of admission
glucose and that of HbA1c have a joint effect on patients with intravascular thrombolysis (IVT)
and/or EVT remains unclear. This study aimed to explore the association between admission glucose
combined with HbA1c and outcomes in patients with reperfusion therapy. Methods: Consecutive
AIS patients treated with IVT and/or EVT between 2 January 2018 and 27 February 2021 in West
China hospital were enrolled. Admission glucose and HbA1c levels were measured at admission.
Participants were divided into four groups according to admission glucose level (categorical variable:
<7.8 and ≥7.8 mmol/L) and HbA1c level (categorical variable: <6.5% and ≥6.5%): normal glucose and
normal HbA1c (NGNA), normal glucose and high HbA1c (NGHA), high glucose and normal HbA1c
(HGNA), and high glucose and high HbA1c (HGHA). The primary outcome was an unfavorable
functional outcome defined as a modified Rankin Scale (mRS) ≥ 3. The secondary outcome was
all-cause mortality at 90 days. Results: A total of 519 patients (mean age, 69.0 ± 13.4 years; 53.8%
males) were included. Patients in the HGHA group had a significantly increased risk of unfavorable
functional outcome (OR, 1.81; 95%CI, 1.01–3.23) and mortality (OR, 1.75; 95%CI, 1.01–3.06) at 90 days
compared with those in the NGNA group after adjustment for confounders. There was no significant
association between NGHA (OR, 0.43; 95%CI, 0.12–1.53) or HGNA (OR, 1.46; 95%CI, 0.84–2.56) and
outcomes compared to the NGNA group. Conclusion: The combination of high admission glucose
and high HbA1c level was significantly associated with unfavorable functional outcome and mortality
at 90 days in AIS patients with reperfusion therapy.

Keywords: admission glucose; HbA1c; acute ischemic stroke; reperfusion therapy; outcome

1. Introduction

Intravenous thrombolysis (IVT) has been proved to be an effective treatment in improv-
ing functional outcomes at 3 months for patients with acute ischemic stroke (AIS) within
4.5 h after onset [1]. Recent studies have demonstrated that endovascular thrombectomy
(EVT) with stent retrievers is effective and safe for AIS in patients with large artery occlu-
sion. Some patients who meet indications for both IVT and EVT may undergo bridging
therapy [2–6]. AIS patients frequently have elevated glucose levels upon admission [7,8].
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Hyperglycemia increases oxidative stress and contributes to blood–brain barrier dysfunc-
tion following ischemia reperfusion injury [9]. Previous studies suggested that admission
hyperglycemia (aHG) is associated with worse outcomes, including functional depen-
dency, long-term mortality, and hemorrhagic complications, in patients treated with IVT
or EVT [10–13]. However, the above studies did not consider the influence of patients’
pre-stroke chronic hyperglycemia on outcomes.

It has been proved that chronic hyperglycemia is associated with poor functional out-
come in patients with acute ischemic stroke [14]. Chronic hyperglycemia is related to small
vessel disease and may lead to a worse response to reperfusion therapies. Choi KH et al.
reported that chronic hyperglycemia is associated with a significantly higher risk of un-
favorable functional outcome at 3 months after EVT in recanalized patients compared
with non-recanalized patients [15]. A recent study also demonstrated that increasing
HbA1c levels (per 10 mmol/mol) are associated with reduced functional independence [16].
Hemoglobin A1c (HbA1c) is a marker of glycemic control in the past 3 months and a high
HbA1c level indicates chronic hyperglycemia before the ischemic stroke [17]. However, it
remains unclear whether chronic hyperglycemia influences the association between aHG
and worse outcome in patients with reperfusion therapy [10,13].

This study aimed to explore whether HbA1c level and admission glucose level have
joint effects on clinical outcomes of AIS patients treated with reperfusion therapy.

2. Methods
2.1. Study Design and Participants

The study consecutively recruited AIS patients with reperfusion therapy admitted to
the Neurology Department of West China Hospital from January 2018 to February 2021. AIS
was diagnosed according to the World Health Organization-defined criteria [18]. Patients
who met the following inclusion criteria were enrolled: (1) received reperfusion therapy
(IVT and/or EVT) and (2) had their glucose level measured on admission and their HbA1c
level measured on the second day of hospitalization. Patients were excluded if they were
younger than 18 years. This retrospective study was approved by the Scientific Research
Department of West China Hospital and patients’ written informed consent was waived
since the data were anonymous.

2.2. Data Collection

All patients’ information were collected through a review of the medical record on
admission, including baseline demographics (age, gender), vascular risk factors (hyper-
tension, diabetes, history of stroke, smoking, alcohol consumption, and atrial fibrillation),
preadmission hypoglycemic medications use, methods of reperfusion, National Institute of
Health Stroke Scale (NIHSS) score, and symptomatic intracranial hemorrhage (SICH). The
measurements of white blood cell count, admission glucose levels, low-density lipoprotein
(LDL) levels, and blood pressure were conducted during the first day of hospitalization.
Imaging data and diagnostic information were also collected during hospitalization. Non-
smoking was defined as never smoked and past smoking [19]. Stress hyperglycemia ratio
(SHR) was defined as the admission glucose concentration divided by the estimated aver-
age glucose concentration (Estimated mean glucose = 1.59 × HbA1c − 2.59) [20]. Stroke
subtypes followed the Trial of Org 10,172 in Acute Stroke Treatment (TOAST) classifica-
tion [21]. SICH was defined as the presence of a type 2 parenchymal hematoma (PH-2) on
brain CT accounting for neurological deterioration according to ECASS III [22].

2.3. Outcome Assessment

Clinical outcome was assessed by the modified Rankin Scale (mRS) at 3 months by a
clinic interview or telephone conversations with the patients or the patient’s relatives. The
primary outcome was an unfavorable functional outcome defined as mRS (3–6) at 3 months
and the secondary outcome was 3-month mortality [20,23,24].
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2.4. Statistical Analysis

Categorical variables are expressed as frequencies (%) and were compared in chi-
square tests. Continuous variables are described as the mean (SD) or median (interquartile
range (Q1–Q3)) and were compared by use of ANOVA or the Wilcoxon rank-sum test.

Acute hyperglycemia upon admission was defined as a random plasma glucose
level > 140 mg/dL (7.8 mmol/L) and high HbA1c levels were defined as plasma HbA1c
level > 6.5%, according to a previous study and the current criteria for diagnosing di-
abetes [12,25]. Participants were divided into four groups by admission glucose level
(categorical variable: <7.8 and ≥7.8 mmol/L) and HbA1c level (categorical variable: <6.5%
and ≥6.5%): admission glucose < 7.8 and HbA1c < 6.5% (NGNA), admission glucose < 7.8
and HbA1c ≥ 6.5% (NGHA), admission glucose ≥ 7.8 and HbA1c < 6.5% (HGNA), and
admission glucose ≥ 7.8 and HbA1c ≥ 6.5% (HGHA).

Univariable and multivariable logistic regression models were used to investigate the
association between admission glucose combined with HbA1c levels and outcomes. We
included all potential covariates with p-values < 0.10 in the univariable logistic analysis
to adjust the multivariable logistic regression models. Patients with NGNH were defined
as the reference group. Multivariate ordinal logistic regression was used to estimate the
adjusted odds ratio for a shift in the distribution of mRS score between the reference group
and other groups.

All tests were two-tailed and a p-value of <0.05 was considered statistically significant.
Data were analyzed with IBM SPSS Statistical version 25.0 (New York, NY, USA).

3. Results
3.1. Baseline Characteristics

A total of 519 patients were included in the final analysis. A flowchart of patient
selection is shown in Figure 1.
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Figure 1. Patients flow chart. AIS, acute ischemic stroke; HbA1c, hemoglobin A1c.

The mean age of the 519 participants was 69 years (SD: 13.4 years); 279 partici-
pants (53.8%) were men. The mean level of admission glucose was 8.51 mmol/L (SD:
3.13 mmol/L). A total of 47.4% of patients had aHG. The mean level of HbA1c was 6.39%
(SD: 1.35%). A total of 29.9% of patients had high HbA1c levels. Compared with patients
in the NGNA group, those in the HGHA group were older, had a higher proportion of
males, had higher systolic blood pressure (SBP) and white blood cell (WBC) levels, and
had a higher percentage of a history of stroke, hypertension, and diabetes. A total of 79.7%
of patients with HbA1c > 6.5 had a history of diabetes. The proportion of Metformin use
was higher in the NGHA and HGHA groups than in the NGNA group. The proportion of
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SICH was the highest in the NGNA group but there was no statistical difference between
groups. A total of 294 patients (56.6%) had an unfavorable functional outcome (mRS of 3–6)
on 3 months of follow-up. The HGHA group had the highest percentage of death at the
3-month follow-up (Table 1). After Bonferroni correction, SHR was statistically different
between any two groups. It was higher in both the HGNA and HGHA groups than in the
NGNA group and was highest in the HGNA group (Figure S1 in the Supplementary).

Table 1. Characteristics of patients according to admission glucose and HbA1c levels.

Characteristics Overall (n = 519) NGNA (n = 238) NGHA (n = 35) HGNA (n = 126) HGHA (n = 120) p-Value

Age, years, mean (SD) 69.0 (13.4) 66.5 (14.5) 71.1 (10.2) 70.0 (13.1) 72.1 (11.1) 0.001
Male, n (%) 279 (53.8) 122 (51.3) 24 (68.6) 63 (50.0) 70 (58.3) 0.144
Hypertension, n (%) 298 (57.4) 119 (50.0) 22 (62.9) 77 (61.1) 80 (66.7) 0.014
Diabetes, n (%) 138 (24.0) 10 (4.2) 21 (60.0) 18 (14.3) 89 (74.2) <0.001
Atrial fibrillation, n (%) 245 (47.2) 104 (43.7) 14 (40.0) 71 (56.3) 56 (46.7) 0.105
History of stroke, n (%) 51 (9.8) 15 (6.3) 6 (17.1) 18 (14.3) 12 (10.0) 0.045
Current smoking, n (%) 123 (23.7) 55 (23.1) 8 (22.9) 31 (24.6) 29 (24.2) 0.988
Alcohol consumption, n (%) 110 (21.2) 48 (20.2) 5 (14.3) 32 (25.4) 25 (20.8) 0.477
Baseline NIHSS, median
(Q1–Q3) 13 (8–17) 13 (7–17) 13 (7–16) 14 (9–17) 14 (8-18) 0.194

Systolic pressure, mmHg,
mean (SD) 142.7 (26.4) 141.1 (25.9) 145.1 (24.6) 141.4 (27.0) 146.9 (26.9) 0.212

Diastolic pressure, mmHg,
mean (SD) 83.0 (17.1) 82.1 (15.7) 83.0 (15.0) 82.6 (18.7) 84.9 (18.5) 0.539

Admission glucose, mmol/L,
mean (SD) 8.51 (3.13) 6.47 (0.75) 6.58 (1.10) 9.44 (1.51) 12.15 (3.88) <0.001

HbA1c, mean (SD) 6.39 (1.35) 5.7 (0.4) 7.3 (1.1) 5.8 (0.4) 8.0 (1.6) <0.001
SHR, mean (SD) 1.14 (0.29) 1.01 (0.16) 0.75 (0.17) 1.42 (0.25) 1.20 (0.27) <0.001 ※

White Blood Cell *, 109/L,
mean (SD)

8.57 (3.38) 7.96 (2.82) 8.75 (3.01) 9.32 (4.07) 8.93 (3.51) 0.002

Low-density lipoprotein,
mmol/L, mean (SD) 2.53 (0.92) 2.55 (0.95) 2.46 (0.97) 2.49 (0.89) 2.53 (0.87) 0.896

TOAST classification, n (%) 0.002
Large-artery atherosclerosis 179 (34.5) 79 (33.2) 16 (45.7) 33 (26.2) 51 (42.5)
Cardio-embolism 216 (41.6) 97 (40.8) 13 (37.1) 58 (46.0) 48 (40.0)
Lacunar 31 (6.0) 23 (9.7) 3 (37.1) 3 (2.4) 2 (1.7)
Other 16 (3.1) 10 (4.2) 0 (0.0) 4 (3.2) 2 (1.7)
Undetermined 77 (14.8) 29 (12.2) 3 (8.6) 28 (22.2) 17 (14.2)
Reperfusion therapy method, n (%) 0.802
Thrombolysis only 165 (31.8) 77(32.4) 13 (37.1) 35 (27.8) 40 (33.3)
Thrombectomy only 257 (49.5) 121 (50.8) 16 (45.7) 62 (49.2) 58 (48.3)
Thrombolysis and
thrombectomy 97 (18.7) 40 (16.8) 6 (17.1) 29 (23.0) 22 (18.3)

Hypoglycemic medication histories <0.001
None, n (%) 423 (81.5) 235 (98.7) 18 (51.4) 114 (90.5) 56 (46.7)
Including Metformin, n (%) 50 (9.6) 0 (0) 10 (28.6) 6 (4.8) 34 (28.3)
Other hypoglycemic
medications, n (%) 46 (8.9) 3 (1.3) 7 (20.0) 6 (4.8) 30 (25.0)

Symptomatic intracranial
hemorrhage, n (%) 19 (3.8) 11 (4.7) 0 (0) 3 (2.5) 5 (4.3) 0.284

3-month unfavorable
functional outcome (mRS > 2) 294 (56.6) 120 (50.4) 18 (51.4) 73 (57.9) 83 (69.2) 0.008

3-month mortality, n (%) 114 (22.0) 39 (16.4) 3 (8.6) 35 (27.8) 37 (30.8) 0.001

NGNA, normal glucose and normal HbA1c; NGHA, normal glucose and high HbA1c; HGNA, high glucose
and normal HbA1c; HGHA, normal glucose and high HbA1c; SD, standard deviation; HbA1c, hemoglobin A1c;
SHR, stress hyperglycemia ratio (SHR = admission glucose level/[(1.59 × HbA1c) − 2.59]; NIHSS, National
Institutes of Health Stroke Scale; TOAST, The Trial of Org 10,172 in Acute Stroke Treatment. * Total white
blood cell count in routine blood; ※ The Bonferroni correction method was applied to multiple comparisons
using a p-value < 0.05/number of comparisons as a threshold for statistical significance (p-value < 0.008), and
p-values < 0.001 for all six comparisons.

3.2. Association between the Combination of Admission Glucose with HbA1c and mRS Score

In the univariable logistic regression analysis, age, gender, baseline NIHSS score,
smoking, alcohol consumption, atrial fibrillation, white blood cell count, TOAST classifica-
tion, and reperfusion therapy method were considered as potential confounders affecting
the 3-month unfavorable functional outcome (p < 0.10, Table 2). After adjustment for
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confounders, no significant linear correlation was found between admission glucose or
HbA1c and 3-month unfavorable functional outcome (OR, 1.06; 95%CI, 0.99–1.14; p = 0.101
and OR, 1.10; 95%CI, 0.93–1.29; p = 0.258). The HGHA group had a higher risk of poor
outcome than the NGNA group (OR, 1.81; 95%CI, 1.01–3.23; p = 0.043). Both admission
glucose and HbA1c were independent predictors for 3-month mortality when they were
regarded as continuous variables (OR, 1.12; 95%CI, 1.05–1.20; p = 0.001 and OR, 1.21; 95%CI,
1.04–1.41; p = 0.014). Compared with the NGNA group, a higher risk of 3-month mortality
was found only in the HGHA group after adjusting for confounding factors (OR, 1.75;
95%CI, 1.01–3.06; p = 0.048, Table 3).

Table 2. Univariable logistic regression analysis of factors associated with 3-month unfavorable outcome.

Variable Unadjusted Odds Ratio (95% Confidence Internal) p-Value

Age 1.05 (1.03, 1.06) <0.001
Male 0.49 (0.35, 0.70) <0.001
Hypertension 1.26 (0.89, 1.79) 0.198
Diabetes 1.27 (0.85, 1.88) 0.243
Atrial fibrillation 2.17 (1.52, 3.10) <0.001
History of stroke 1.60 (0.87, 2.95) 0.131
Current smoking 0.53 (0.35, 0.80) 0.002
Alcohol consumption 0.65 (0.43, 0.99) 0.044
Baseline NIHSS 1.20 (1.15, 1.24) <0.001
Admission glucose 1.10 (1.03, 1.17) 0.003
HbA1c 1.12 (0.98, 1.29) 0.094
Systolic pressure 1.00 (1.00, 1.01) 0.238
Diastolic pressure 1.00 (0.99, 1.01) 0.881
White Blood Cell 1.08 (1.03, 1.15) 0.005
Low density lipoprotein 0.88 (0.72, 1.06) 0.177
TOAST classification
Large-artery atherosclerosis Reference
Cardio-embolism 1.93 (1.28, 2.90) 0.002
Lacunar 0.13 (0.05, 0.40) <0.001
Other 1.16 (0.42, 3.26) 0.774
Undetermined 0.98 (0.57, 1.67) 0.934
Reperfusion therapy method
Thrombolysis only Reference
Thrombectomy only 2.54 (1.70, 3.79) <0.001
Thrombolysis and thrombectomy 2.16 (1.30, 3.60) 0.003
Hypoglycemic medication histories
None Reference
Including Metformin 0.83 (0.46, 1.50) 0.545
Other hypoglycemic medications 1.31 (0.70, 2.46) 0.396

HbA1c, hemoglobin A1c; NIHSS, National Institutes of Health Stroke Scale; TOAST, The Trial of Org 10,172 in
Acute Stroke Treatment.

Table 3. Multivariable logistic regression analysis between different groups (divided by admission
glucose and HbA1c) and outcomes.

Variable Unadjusted Model * Adjusted Model *

3-month unfavorable functional outcome †

Admission glucose level 1.10 (1.03, 1.17), 0.003 1.06 (0.99, 1.14), 0.101
HbA1c 1.12 (0.98, 1.29), 0.094 1.10 (0.93, 1.29), 0.258

Outcomes group
NGNA Reference Reference
NGHA 1.04 (0.51, 2.12), 0.911 1.00 (0.42, 2.34), 0.990
HGNA 1.35 (0.88, 2.09), 0.172 0.89 (0.52, 1.53), 0.676
HGHA 2.21 (1.39, 3.51), <0.001 1.81 (1.01, 3.23), 0.043
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Table 3. Cont.

Variable Unadjusted Model * Adjusted Model *

3-month mortality ‡

Admission glucose level 1.15 (1.08, 1.22), <0.001 1.12 (1.05, 1.20), 0.001
HbA1c 1.21 (1.05, 1.39), 0.007 1.21 (1.04, 1.41), 0.014

Outcomes group
NGNA Reference Reference
NGHA 0.48 (1.14, 1.64), 0.241 0.43 (0.12, 1.53), 0.191
HGNA 1.96 (1.17, 3.30), 0.011 1.46 (0.84, 2.56), 0.183
HGHA 2.28 (1.36, 3.82), 0.002 1.75 (1.01, 3.06), 0.048

* Results for each model are presented as the odds ratio (95% confidence interval), p-value. † Adjusted model:
adjusted for age, gender, atrial fibrillation, current smoking, alcohol consumption, baseline NIHSS score, white
blood cell, TOAST classification, and reperfusion therapy method. ‡ Adjusted model: adjusted for age, gender,
baseline NIHSS score, white blood cell, and TOAST classification. NGNA, normal glucose and normal HbA1c;
NGHA, normal glucose and high HbA1c; HGNA, high glucose and normal HbA1c; HGHA, high glucose
and high HbA1c; NIHSS, National Institutes of Health Stroke Scale; TOAST, The Trial of Org 10,172 in Acute
Stroke Treatment.

Functional outcome stratified by different glucose and HbA1c levels is shown in
Figure 2. There was a shift in the distribution of the mRS in the HGHA group compared
with the reference group. After adjusting for age, gender, baseline NIHSS score, smoking,
atrial fibrillation, white blood cell count, and reperfusion therapy method, the association
between HGHA and mRS score remained significant (OR, 1.61; 95%CI, 1.07–2.42; p = 0.023,
Figure 2). The shift toward worse outcomes in favor of the intervention was consistent for
all categories of the mRS, except for no symptoms (mRS = 0) (Figure 2).
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The relationship between SHR and mRS score was also analyzed. After dividing
the SHR into four equal quartiles, the other three quartiles were statistically associated
with 3-month unfavorable functional outcomes compared with the lowest quartile (OR,
1.95; 95%CI, 1.06–3.57; p = 0.037 and OR, 2.19; 95%CI, 1.19–4.04; p = 0.014 and OR, 2.14;
95%CI, 1.15–3.99; p = 0.022, Table S1). The risk of 3-month unfavorable functional outcome
increased stepwise across quartiles (p for trend = 0.014). In addition, SHR was positively
correlated to 3-month mortality as a continuous variable (OR, 2.21; 95%CI, 1.04–4.69;
p = 0.040, Table S1).

4. Discussion

In this retrospective study involving AIS patients treated with reperfusion therapy, we
found that admission glucose levels or HbA1c levels did not have a significant association
with 3-month functional outcomes but patients in the HGHA group were associated with
an increased risk of unfavorable functional outcomes and all-cause mortality at 3 months.

Previous studies reported that aHG is independently associated with unfavorable
functional outcome at 90 days in patients treated with IVT and this result applied to
both diabetics and non-diabetics [10,26]. The diabetes group included patients with or
without chronic hyperglycemia pre-admission. A high HbA1c level indicates chronic hyper-
glycemia before the ischemic stroke [10]. Compared to admission glucose, whether HbA1c
is independently associated with functional outcome after reperfusion therapy remained
controversial in previous studies. In the ACROSS-China registry, authors demonstrated
that patients with HbA1c > 6.5 did not show a significant correlation with 1-year poor
functional outcome [27]. In some studies, HbA1c was found to be independently associated
with worse clinical outcomes in a linear or threshold relationship [12,13]. The joint effect
of chronic hyperglycemia rather than diabetes and admission glucose on clinical outcome
needs to be further explored. In this study, the HGHA group was found to be associated
with an increased risk of unfavorable functional outcomes in AIS patients with reperfusion
therapy. Our study did not find a linear relationship between admission glucose level and
unfavorable outcomes, which is congruent with a cohort study involving 223 AIS patients
with EVT [15]. The results of this study indicate that both admission glucose and HbA1c
correlated with 3-month mortality in a linear relationship. Therefore, it can be speculated
that, when patients’ admission glucose and HbA1c were both above the threshold, the risk
of death increased as the values rose. Earlier studies reported similar results as well [7,13].

The underlying mechanism of this result may be the joint effect of chronic hyper-
glycemia and acute aHG. High HbA1c levels and high admission glucose levels impact the
outcomes in different ways but contribute to the worse functional outcomes. Chronic hy-
perglycemia causes cerebrovascular injury through mechanisms unrelated to the thrombo-
inflammatory changes in acute aHG. It has been demonstrated that diabetes is related
to cerebral small vessel disease, which may impair the brain’s ability to compensate for
acute ischemic insults [28]. A recent study involving a stroke model in mice with impaired
glucose tolerance demonstrated that chronic hyperglycemia is significantly associated with
larger infarct volume [29] and this may result in a worse outcome at 3 months [30]. In
another study, researchers found that chronic pre-stroke hyperglycemia affected middle
cerebral artery blood flow velocity during recovery, which might impact the functional
outcomes of patients [31]. Hyperglycemia plays an important role in early reperfusion
by increasing blood–brain barrier permeability and extravasation of neutrophils within
the infarcted area, leading to worse clinical outcomes [32,33]. Recent studies reported that
high blood glucose may be related to a lower cerebral glucose level and contributes to
procoagulant platelet formation, which would increase the severity of ischemia [34,35].

In this study, patients in the HGNA group did not have a significantly increased risk
of poor outcome. This result is not consistent with previous studies involving the SHR; they
demonstrated that a high SHR is related to worse outcomes in AIS patients with or without
EVT [14,36–38]. A possible explanation for this result might be that patients in the HGHA
group had elevated levels of both SHR and HbA1c, which would lead to a worse outcome.
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This study also showed that patients with normal glucose and high HbA1c level
were not significantly correlated with unfavorable functional outcome. Patients in this
group did not suffer from stress hyperglycemia although they had chronic hyperglycemia
pre-admission. According to a previous study, the reason that they did not develop stress
hyperglycemia was because the insula of these patients was not damaged [39]. The number
of patients in this group is small and the possibility of bias in the results cannot be excluded.
Additionally, we found that the NGNA group had a higher proportion of patients with
SICH. In this study, the NGNA group had more patients with EVT, which may result in
more patients with SICH.

These findings suggest that physicians should control pre-stroke glucose within the
normal range in diabetic patients to protect them from the adverse joint effect of HGHA.

Compared with previous studies that focused on a single factor, our study explored
which patients would have a worse clinical outcome from another perspective by utilizing
different threshold level groupings of admission glucose and HbA1c. The results from our
research extend those of previous studies by dividing patients into four groups according to
admission glucose and HbA1c, suggesting that the combination of admission glucose and
HbA1c is associated with functional outcomes in patients treated with IVT and/or EVT.

There are some potential limitations to our study. First, this was a retrospective study
from a single institution and patients whose HbA1c levels were not measured in the first
week after admission were excluded, which could have led to selection bias and limit the
generalizability of the study findings. Second, dynamic changes in blood glucose and
HbA1c at different stages of follow-up were not considered in this study. Third, admission
glucose was affected by previous food intake and the time of day and may not reliably
reflect acute hyperglycemia [40]. Fourth, we included patients with atherosclerotic and
cardiogenic embolic types as well as anterior and posterior circulation occlusion. Patients
with cardiogenic embolic types were more likely to have worse outcomes and patients with
posterior circulation occlusion were at less risk of EVT, which may have had an impact on
the prognosis. Finally, more research is needed to better validate the findings in our study.

5. Conclusions

Our study showed that neither admission glucose level nor HbA1c was an indepen-
dent predictor of unfavorable functional outcomes but the combination of high admission
glucose and high HbA1c level was significantly associated with poor clinical outcomes and
all-cause mortality at 90 days in AIS patients with reperfusion therapy. This finding lends
support to the importance of long-term glycemic control.

Supplementary Materials: The following supporting information can be downloaded at:
https://www.mdpi.com/article/10.3390/brainsci12020294/s1: Figure S1: Mean SHR in the four groups.
* p-value < 0.05 after Bonferroni adjustment. SHR, stress hyperglycemic ratio; NGNA, normal glucose
and normal HbA1c; NGHA, normal glucose and high HbA1c; HGNA, high glucose and normal
HbA1c; HGHA, normal glucose and high HbA1c. CI, confidence interval; Table S1: Multivariable
logistic regression analysis between subcategorized SHR groups and outcomes *.
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