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Abstract
No study investigated the possible detrimental effect of stress hyperglycemia on patients affected acute ischemic stroke 
(AIS) undergoing intravenous thrombolysis (IVT). A new index, the glucose-to-glycated hemoglobin ratio (GAR), has 
been developed for assessing stress hyperglycemia. We retrospectively analyzed data from a prospectively collected data-
base of consecutive patients admitted to the Udine University Hospital with AIS that were treated with IVT from January 
2015 to December 2019. Four hundred and fourteen consecutive patients with AIS undergoing IVT entered the study. The 
patients were then stratified into four groups by quartiles of GAR (Q1–Q4). The higher GAR index was, the more severe 
stress hyperglycemia was considered. Prevalence of 3 months poor outcome (37.7% for Q1, 34% for Q2, 46.9% for Q3, and 
66.7% for Q4, p for trend = 0.001), 3 months mortality (10.5% for Q1, 7.5% for Q2, 11.2% for Q3, and 27.1% for Q4, p for 
trend = 0.001), and symptomatic intracranial hemorrhage (0.9% for Q1, 0.9% for Q2, 5.1% for Q3, and 17.7% for Q4, p for 
trend = 0.001) was significant different among the four groups. AIS patients with severe stress hyperglycemia had a signifi-
cantly increased risk of 3 months poor outcome (OR 2.43, 95% CI 1.14–5.22, p = 0.02), 3 months mortality (OR 2.38, 95% 
CI 1.01–5.60, p = 0.04), and symptomatic intracranial hemorrhage (OR 16.76, 95% CI 2.09–134.58, p = 0.008) after IVT. 
In conclusion, we demonstrated that stress hyperglycemia, as measured by the GAR index, is associated to worse outcome 
in AIS patients undergoing IVT.
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Highlights

• No study investigated the possible detrimental effect of 
stress hyperglycemia on patients affected acute ischemic 
stroke undergoing intravenous thrombolysis.

• The glucose-to-glycated hemoglobin ratio was used for 
assessing stress hyperglycemia in our patients.

• Patients with severe stress hyperglycemia had a sig-
nificantly increased risk of 3 months poor outcome, 3 
months mortality, and symptomatic intracranial hemor-
rhage.

Introduction

Before reperfusion therapy was available, elevated 
serum glucose has been associated with poor outcome in 
patients affected by acute ischemic stroke (AIS) [1]. More 
recently, AIS patients undergoing intravenous thromboly-
sis (IVT) with hyperglycemia at admission had a worse 
outcome and a more frequent occurrence of symptomatic 
intracranial hemorrhage (SICH) than those with lower 
glucose levels [2]. However, a proper interpretation of 
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these results is complicated because underlying diabetes 
may act as potential confounder.

Diabetes mellitus is a carbohydrate metabolism dis-
order characterized by chronic hyperglycemia. Diabetes 
represents a well-established risk factor for stroke and 
it leads to cerebrovascular disease by several different 
mechanisms: vascular endothelial dysfunction, increased 
early-age arterial stiffness, systemic inflammation, and 
thickening of the capillary basal membrane [3].

Hyperglycemia may, also, occur de novo in a high 
proportion of patients suffering an acute stress, such as 
stroke [4]. Stress hyperglycemia has been associated with 
a high risk of mortality both in human and animal stud-
ies [5]. Recently, a new index, the glucose-to-glycated 
hemoglobin (HbA1c) ratio (GAR), has been developed 
for assessing stress hyperglycemia [6]. While HbA1c 
reflects the baseline average glucose status over the past 
3 months, the GAR index quantifies the extent of acute 
elevation in plasma glucose, i.e. stress hyperglycemia, 
compared to background plasma glucose levels.

To date, only one study used the GAR index in AIS 
patients and it showed that stress hyperglycemia predicted 
stroke recurrence and mortality in non-diabetic patients. 
However, only 3% of these AIS patients were treated with 
IVT [7].

The aim of the present study was to investigate the pos-
sible detrimental effect of stress hyperglycemia, as meas-
ured by the GAR index, in AIS patients undergoing IVT.

Methods

Study participants

We retrospectively analyzed data from a prospectively 
collected database of consecutive patients admitted 
to the Udine University Hospital with AIS that were 
treated with IVT from January 2015 to December 2019. 
In accordance with the indication and contraindications 
of international guidelines, we treated patients showing 
symptoms onset within 4.5 h with alteplase at dosage of 
0.9 mg/kg over 1 h [8, 9]. Based on the recent results of 
the EXTEND trial, three patients with wake-up stroke 
and salvageable brain tissue at the computed tomography 
perfusion were treated beyond 4.5 h [10]. We excluded 
AIS patients undergoing endovascular thrombectomy in 
addition to IVT.

All patients or his/her representatives gave informed, 
signed consent to use of their data for research purposes. 
The study was approved by the local ethics committee 
(Ref. No. CEUR-2020-Os-173).

Data collection

The following variables were collected: age, sex, vascular risk 
factors, laboratory findings, admission systolic blood pressure, 
and pharmacological treatment.

Previous transient ischemic attack/stroke was considered if 
patient had history of ischemic (transient attack or stroke) or 
hemorrhagic cerebrovascular disease. Presence of cardiovas-
cular disease was based on history of previous ischemic heart 
disease and/or revascularization treatment using percutaneous 
coronary intervention/coronary artery bypass grafting. Atrial 
fibrillation was considered if patient had past medical history 
of this arrhythmia that had been confirmed in medical records. 
High blood pressure was defined as history of hypertension 
and/or use of antihypertensive medication. History of diabetes 
mellitus that had been confirmed in medical records and/or use 
of insulin/oral hypoglycemic agents were considered for defin-
ing diabetes. Presence of hypercholesterolemia was based on 
the use of lipid-lowering medications. Information on active 
tobacco use was used for defining patient as a current smoker.

Clinical assessment

The Trial of ORG 10172 in acute stroke treatment (TOAST) 
classification was used to determine AIS subtypes based on 
their etiology. In particular, cerebrovascular events were distin-
guished as due to large artery atherosclerosis, cardioembolism, 
small-vessel occlusion, other determined etiology, and unde-
termined etiology [11]. Stroke severity was determined with 
the National Institute of Health Stroke Scale (NIHSS) score 
at admission and at discharge. We defined patients with major 
neurological improvement those who had an improvement 
of ≥ 8 points on the NIHSS from baseline or a NIHSS score of 
0 or 1 at discharge. Functional outcome was assessed by means 
of the modified Rankin Scale (mRS) at admission, based on 
pre-stroke disability, and three months after stroke. The mRS 
score after discharge was recorded at the patients’ routine 
clinical visit or through telephone interview with patients or 
their immediate caregivers. The mRS score was dichotomized 
into: favorable outcome (0–2) and poor outcome (3–6). The 
presence of intracranial hemorrhage (ICH) was defined as any 
parenchymal hematoma (PH) based on the European Coop-
erative Acute Stroke Study (ECASS) morphologic definitions 
(ECASS PH-1 or PH-2) [12], whereas presence of SICH was 
based on the ECASS-III protocol [13]. Finally, we collected 
information on time from symptom onset to IVT.

Assessment of stress hyperglycemia

The fasting venous blood samples within 24 h after hos-
pitalization were drawn during the morning hours (range 
: 06.00–08:00) after an overnight fast (at least 12 h) to 
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measure fasting plasma glucose and HbA1c. Stress hyper-
glycemia was estimated by the GAR index that was calcu-
lated using the following formula: fasting plasma glucose 
(mg/dl)/HbA1c (%). The patients were then stratified into 
four groups by quartiles of GAR (Q1–Q4) for further com-
parisons. The higher GAR index was, the more severe stress 
hyperglycemia was considered.

Outcome measures

The following endpoints were analyzed: 3 months poor out-
come, no major neurological improvement at discharge, in-
hospital mortality, 3 months mortality, presence of ICH, and 
presence of SICH. All the outcome measures were collected 
as part of our routine clinical practice in patients affected by 
cerebrovascular events.

Statistical analysis

Data are displayed in tables as median and interquartile 
range (IQR), if not otherwise specified.

Differences across the four GAR quartiles were assessed 
by means of the Chi square test for categorial variables. One-
way analysis of variance for normally distributed continu-
ous variables, and the Kruskal–Wallis test for non-normally 
distributed continuous variables and for ordinal variables 
were used. Post-hoc analysis was performed by means of 
the Bonferroni test. The Kolmogorov–Smirnov test with 
Lilliefors significant correction was used to assess normal 
distribution of data.

The impact of stress hyperglycemia, as represented by 
GAR quartiles, on outcome measures was evaluated by 
multiple logistic regression analysis with the lowest GAR 
quartile as reference. The potential confounding variables 
included in the model were: age, history of diabetes, base-
line NIHSS score, pre-stroke mRS, and time from symp-
tom onset to IVT. Systolic blood pressure > 180 mmHg was 
added to other confounders in the analysis that evaluated the 
association between stress hyperglycemia and hemorrhagic 
transformation (i.e. ICH, SICH).

All probability values are two-tailed. A p value < 0.05 
was considered statistically significant. Statistical analysis 
was carried out using the SPSS Statistics, Version 22.0 (Chi-
cago, IL, USA).

Results

Baseline characteristics

Four hundred and fourteen consecutive patients with AIS 
undergoing IVT entered the study (Fig. 1).

The general characteristics of the enrolled subjects, distin-
guished by GAR quartiles, are presented in Table 1. History 
of diabetes was more common among patients in the high-
est quartile of GAR, thus these subjects were treated more 
frequently with insulin than those in the other GAR quartile 
groups. Differently, the higher GAR index was, the smaller 
number of current smokers was. Patients in the fourth GAR 
quartile had higher fasting glucose levels and HbA1c values 
than those in the other three groups. At admission, systolic 
blood pressure values were significantly different among 
the four groups and subjects affected by more severe stress 
hyperglycemia showed the highest blood pressure. Neuro-
logical impairment, as measured by the NIHSS score both 
at admission and at discharge, was more severe in patients in 
the fourth GAR quartile than in the other groups. Moreover, 
prevalence of pre-stroke functional independence, defined as 
an mRS score ≤ 2, was more common among AIS patients 
with less severe stress hyperglycemia.

Association of stress hyperglycemia with clinical 
outcomes in univariate analysis

Rates of 3 months poor outcome, 3 months mortality, and 
SICH according to GAR quartiles are reported in Figs. 2, 
3 and 4. Prevalence of no major neurological improvement 
(30.4% for Q1, 30.8% for Q2, 49.5% for Q3, and 49.4% 
for Q4, p for trend = 0.001), in-hospital mortality (1.8% 
for Q1, 1.9% for Q2, 5.1% for Q3, and 13.5% for Q4, p for 
trend = 0.001), and ICH (4.4% for Q1, 4.7% for Q2, 11.2% 
for Q3, and 22.9% for Q4, p for trend = 0.001) was statisti-
cally different among the four groups.  

Association of stress hyperglycemia with clinical 
outcomes in multivariate analysis

As reported in Table 2, all the outcomes were significantly 
associated with severe stress hyperglycemia, even after 
controlling for confounders. Independent predictors, other 
than the highest GAR quartile, were the following: (1) age 
(OR 1.03, 95% CI 1.01–1.05, p = 0.001), NIHSS score at 
admission (OR 1.18, 95% CI 1.13–1.24, p = 0.001), and 
pre-stroke mRS (OR 3.63, 95% CI 2.34–5.64, p = 0.001) 
for three-month poor outcome; (2) age (OR 1.02, 95% CI 
1.01–1.04, p = 0.006), NIHSS score at admission (OR 1.06, 
95% CI 1.02–1.10, p = 0.002), and pre-stroke mRS (OR 
1.29, 95% CI 1.05–1.59, p = 0.02) for no major neurologi-
cal improvement; (3) NIHSS score at admission (OR 1.11, 
95% CI 1.04–1.18, p = 0.002) for in-hospital mortality; (4) 
age (OR 1.04, 95% CI 1.01–1.07, p = 0.007), NIHSS score 
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at admission (OR 1.61, 95% CI 1.11–1.22, p = 0.001), and 
pre-stroke mRS (OR 1.29, 95% CI 1.02–1.65, p = 0.04) for 
three-month mortality; and NIHSS score at admission for 
both (5) ICH (OR 1.11, 95% CI 1.06–1.17, p = 0.005), and 
(6) SICH (OR 1.07, 95% CI 1.01–1.14, p = 0.04).

Discussion

For the first time, we demonstrated that stress hyperglyce-
mia, as measured by the GAR index, is predictive of worse 
outcome in AIS patients undergoing IVT treatment.

Admission glucose level has been associated with lower 
rate of good outcome and increased risk of SICH after IVT 
for AIS [2]. These detrimental effects might be due to the 

Patients with AIS undergoing IVT ± 
endovascular thrombectomy 

(n = 686) 

Patients undergoing endovascular 
thrombectomy in addition to IVT 

(n = 114) 

Patients with AIS undergoing IVT  
(n = 572) 

Patients without data of fasting 
glucose or HbA1c 

(n = 26) 

Patients with AIS undergoing IVT  
(n = 546) 

Lost to follow-up 
(n = 132) 

Patients included 
(n = 414) 

Fig. 1  Study design. AIS acute ischemic stroke; IVT intravenous thrombolysis; HbA1c glycated hemoglobin
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presence of underlying diabetes, but the role of stress hyper-
glycemia cannot be excluded.

Diabetes represents a recognized risk factor for cer-
ebrovascular disease. Indeed, chronic hyperglycemia has 
been associated with ischemic stroke [3] and hemorrhagic 

transformation after IVT [14]. Differently, consequences 
of stress hyperglycemia are not well established. In 1878 
Claude Bernard described the first case of hyperglycemia 
related to acute critical illness, i.e. stress hyperglycemia, in 
a patient with elevated glucose levels during hemorrhagic 

Table 1  General characteristics of the subjects according to the GAR quartiles

GAR  glucose-to-glycated hemoglobin ratio, HbA1c glycated hemoglobin, Hb hemoglobin, NIHSS National Institute of Health Stroke Scale, mRS 
modified Rankin Scale, IVT intravenous thrombolysis

Q1
(n = 114)

Q2
(n = 106)

Q3
(n = 98)

Q4
(n = 96)

p

Demographic data
 Age, years 75.5 (60.75–81) 72 (65–81) 75 (68.75–81) 76 (68–83) 0.4
 Males, n (%) 54 (47.4) 58 (54.7) 56 (57.1) 53 (55.2) 0.5

Vascular risk factors
 Previous transient ischemic attack/stroke, n (%) 14 (12.3) 8 (7.5) 9 (9.2) 12 (12.5) 0.6
 Cardiovascular disease, n (%) 18 (15.8) 13 (12.3) 8 (8.2) 17 (17.7) 0.2
 Atrial fibrillation, n (%) 22 (19.3) 14 (13.2) 9 (9.2) 21 (21.9) 0.06
 Hypertension, n (%) 66 (57.9) 68 (64.2) 68 (69.4) 70 (72.9) 0.1
 Diabetes mellitus, n (%) 10 (8.8) 11 (10.4) 19 (19.4) 32 (33.3) 0.001
 Hypercholesterolemia, n (%) 33 (28.9) 32 (30.2) 22 (22.4) 26 (27.1) 0.6
 Current smoking, n (%) 22 (19.3) 19 (17.9) 10 (10.2) 7 (7.3) 0.03

Laboratory findings
 Fasting plasma glucose (mg/dl) 82.5 (78–86.25) 96 (90–102) 108 (101–118.25) 148.5 (129.75–171.75) 0.001
 HbA1c values (%) 5.9 (5.7–6.2) 5.9 (5.6–6.2) 5.9 (5.5–6.5) 6.2 (5.7–7.1) 0.008
 GAR index 14 (13.3–14.4) 16.2 (15.6–16.6) 18.1 (17.5–18.9) 22.7 (21.5–25.9)
 Hb (g/dl) 13.4 (12.2–14.2) 13.5 (12.63–14.3) 13.4 (11.98–14.3) 13.2 (11.8–14.8) 0.7
 Creatinine (mg/dl) 0.85 (0.73–1.04) 0.88 (0.75–1.06) 0.93 (0.77–1.05) 0.91 (0.75–1.09) 0.4
 Total cholesterol (mg/dl) 173 (138.5–200) 169 (142–205.2) 186 (148–210.2) 166.5 (144.7–189.5) 0.3
 HDL cholesterol (mg/dl) 51 (38.7–61) 52 (42–61) 53 (41.7–63.2) 52 (42.7–63) 0.6
 LDL cholesterol (mg/dl) 99 (69–120.5) 94 (70.7–121) 110 (80.7–130) 90.5 (68.5–122.2) 0.3
 Triglycerides (mg/dl) 95 (74.5–131) 101.5 (75–135) 94.5 (66–126.2) 86.5 (67–117.2) 0.08

Blood pressure
 Systolic blood pressure (mmHg) 155 (136–166.5) 155 (140–170) 163 (141–180) 168.5 (150–185) 0.001

Antithrombotic treatment at admission
 Antiplatelets, n (%) 42 (36.8) 33 (31.1) 36 (36.7) 33 (34.4) 0.8
 Anticoagulants, n (%) 9 (7.9) 3 (2.8) 4 (4.1) 3 (3.1) 0.2

Antidiabetic drugs at admission
 Oral hypoglycemics, n (%) 2 (1.8) 1 (0.9) 0 (0) 3 (3.1) 0.3
 Insulin, n (%) 5 (4.4) 5 (4.7) 14 (14.3) 25 (26) 0.001

Stroke subtypes based on TOAST classification 0.3
 Large arterial atherosclerosis, n (%) 11 (11.4) 10 (9.4) 15 (15.3) 18 (18.8) –
 Cardioembolism, n (%) 43 (37.7) 34 (32.1) 34 (34.7) 42 (43.8) –
 Small vessel occlusion, n (%) 12 (10.5) 14 (13.2) 15 (15.3) 8 (8.3) –
 Other determined etiology, n (%) 2 (1.8) 3 (2.8) 3 (3.1) 3 (3.1) –
 Undetermined etiology, n (%) 44 (38.6) 45 (42.5) 31 (31.6) 25 (26) –

Baseline clinical characteristics
 NIHSS score at admission 6 (4–10) 6 (3–9) 7 (4–13.2) 8.5 (5–18) 0.002
 NIHSS score at discharge 1 (0–3) 1 (0–3) 2 (0–9) 3 (0–12.2) 0.001
 Pre-stroke mRS 0–2, n (%) 106 (93) 98 (92.5) 90 (91.8) 76 (79.2) 0.003
 Time from symptoms onset to IVT, min 160 (120–215) 165 (130–197) 160 (128.7–200) 165 (134.2–215) 0.8
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Fig. 2  Rates of 3 months poor 
outcome according to the GAR 
quartiles
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Fig. 3  Rates of 3 months 
mortality according to the GAR 
quartiles
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Fig. 4  Rates of SICH accord-
ing to the GAR quartiles. 
SICH symptomatic intracranial 
hemorrhage

SICH: symptomatic intracranial hemorrhage.
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shock [15]. Stress hyperglycemia is mediated by the hypo-
thalamic–pituitary–adrenal axis, the sympatho-adrenal 
system, and the proinflammatory cytokines, i.e. TNF-α, 
IL-1, and IL-6. These mediators are able to induce a stress 
response characterized by excessive gluconeogenesis, gly-
cogenolysis, and insulin resistance [16]. The degree of 
activation of the stress response and the severity of hyper-
glycemia are related to the intensity of the stressor [16]. 
Experimental studies on rodents demonstrated that intense 
stress, imposed by four limb prone restraint, caused high 
and early peaks of plasma corticosterone levels. In con-
trast, stressors of lesser severity, i.e. 5 min exposure to a 
novel open field, produced lower peak hypothalamic–pitui-
tary–adrenal activation. Similarly, high intensity and long 
duration challenges, e.g. inflammatory response after AIS, 
cause in humans prolonged stress responses, whereas 
shorter responses are observed following exposure to psy-
chological stressor [17]. In accordance with this notion, 
our patients in the highest GAR quartile were affected by 
more severe ischemic stroke, as measured by the NIHSS 
score at admission and discharge.

Stress hyperglycemia represents an evolutionary pre-
served response that allow the host to survive during period 
of severe stress [18]. In humans, results coming from sci-
entific literature are conflicting. In a recent review, Marik 
and Bellomo claimed that acute stress hyperglycemia may 
be protective and may result in greater plasticity and cel-
lular resistance to ischemic and hypoxic insults [16]. How-
ever, numerous clinical studies performed in both ICU 

and non-ICU patients reported that stress hyperglycemia 
increases the odds of poor clinical outcomes [19–22].

A limited number of studies investigated the conse-
quences of stress hyperglycemia in stroke patients. An his-
torical overview by Capes et al. analyzed the relationship 
between stress hyperglycemia and prognosis in diabetic and 
non-diabetic stroke patients [23]. The authors identified 32 
studies and observed that acute hyperglycemia predicted 
increased risk of in-hospital mortality after ischemic stroke 
in non-diabetic patients and increased risk of poor functional 
recovery in non-diabetic stroke survivors [23]. However, as 
reported by the authors, the included studies were affected 
by several limitations: (1) the definition of stress hypergly-
cemia varied largely among the studies; (2) most studies did 
not specified whether whole blood or plasma glucose was 
measured; (3) a random glucose level drawn on admission 
was used to define stress hyperglycemia in numerous studies 
[23]. In addition, since the definition of stress hyperglyce-
mia is intrinsically problematic in diabetic patients because 
the unstressed baseline level of glucose is not known, the 
large part of investigations on stress hyperglycemia was per-
formed enrolling non-diabetic stroke patients [23]. No study 
has primarily been focused on AIS patients undergoing IVT. 
Our investigation, that included diabetic and non-diabetic 
AIS patients, demonstrated that patients with a history of 
diabetes were affected by more severe forms of stress hyper-
glycemia. In fact, the number of diabetic patients in the low-
est GAR quartile was small (8.8%), whereas almost one third 
(33.3%) of subjects in the Q4 GAR group had diabetes. A 

Table 2  Logistic regression 
model: adjusted ORs (95% CIs) 
of the GAR quartiles in relation 
to the respective outcomes

ICH intracranial hemorrhage, SICH symptomatic intracranial hemorrhage
a Adjusted for age, history of diabetes, baseline NIHSS score, pre-stroke mRS, and time from symptom 
onset to IVT
b Adjusted for age, history of diabetes, baseline NIHSS score, pre-stroke mRS, time from symptom onset to 
IVT, and systolic blood pressure > 180 mmHg

Q1 Q2 Q3 Q4

Three-month poor  outcomea 1 0.90
(0.44–1.86)

1.38
(0.67–2.86)

2.43
(1.14–5.22)
p = 0.02

No major neurological improve-
ment at  dischargea

1 1.13
(0.61–2.10)

1.89
(0.98–3.62)

2.27
(1.21–4.26)
p = 0.01

In-hospital  mortalitya 1 1.17
(0.16–8.64)

2.74
(0.50–14.97)

6.49
(1.36–31.05)
p = 0.02

Three-month  mortalitya 1 0.69
(0.24–1.95)

0.83
(0.31–2.21)

2.38
(1.01–5.60)
p = 0.04

Presence of  ICHb 1 1.11
(0.30–4.15)

2.09
(0.65–6.73)

3.90
(1.29–11.78)
p = 0.02

Presence of  SICHb 1 1.08
(0.07–17.78)

5.29
(0.59–47.28)

16.76
(2.09–134.58)
p = 0.008
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relationship between severe stress hyperglycemia and dia-
betes was, also, reported by MacIntyre et al. in a study of 
hospitalized patients with pneumonia [24].

Recently, Su et al. introduced the GAR index for quantify-
ing stress hyperglycemia. In their retrospective study, enroll-
ing patients with plasma glucose concentrations > 500 mg/
dl, the authors observed that GAR independently predicted 
90-day mortality, ICU admission and use of mechanical 
ventilation. In addition, this index was a better predictor of 
patient outcomes than plasma glucose alone [6]. To date, 
only Zhu et al. adopted the GAR index in cerebrovascu-
lar patients. The authors explored the relationship between 
stress hyperglycemia and clinical outcome of non-diabetic 
Chinese patients affected by AIS. Patients affected by stress 
hyperglycemia had an elevated risk of stroke recurrence and 
all-cause death. Since only 3.3% of patients were treated 
with alteplase, this study did not give any information 
regarding the consequences of stress hyperglycemia after 
IVT [7]. Our study demonstrated that stress hyperglyce-
mia significantly impaired clinical outcome in AIS patients 
undergoing IVT. Sixty-seven percent of subjects with severe 
acute post-stroke hyperglycemia was functionally depend-
ent at 3 months follow-up and almost 50% of patients in 
the Q4 GAR group did not shown any significant improve-
ment at discharge despite IVT treatment. After adjusting 
for potential covariates, stress hyperglycemia remained 
an independent predictor of poor outcome and no major 
neurological improvement. In addition, risk of in-hospital 
and three-month mortality was significantly greater among 
subjects with severe stress hyperglycemia undergoing IVT. 
Although the mechanisms of the association between stress 
hyperglycemia and poor clinical outcome in stroke patients 
are not yet fully understood, several hypotheses have been 
proposed. Hyperglycemia might directly cause toxic damage 
to ischemic brain via accumulation of lactate and intracel-
lular acidosis [25]. In fact, intracellular acidosis enhances 
lipid peroxidation and free radical formation accelerating 
ischemic injury [26]. Furthermore, stress-induced inflamma-
tory response is able to increase circulating free fatty acids 
in patients with acute illness. Free fatty acids may impair 
endothelium-dependent vasodilation [27] and promote intra-
cellular calcium overload [28].

Admission hyperglycemia has been linked to an increased 
risk of hemorrhagic complications after alteplase treatment 
[29]. Our study further confirms these data, showing that 
acute post-stroke hyperglycemia, as measured by the GAR 
index, was independently associated with the occurrence of 
ICH and SICH. Stress hyperglycemia might cause hemor-
rhagic infarct conversion via reperfusion injury [30, 31] and 
blood–brain barrier disruption [32].

Management of hyperglycemia varies across centers 
and clinicians. Indeed, to date, conclusive evidences sup-
porting strict post-stroke normoglycemia are lacking. A 

recent systematic literature review recognized 13 RCTs 
investigating aggressive treatment of admission hypergly-
cemia in AIS patients. None of these trials demonstrated 
any significant benefit of tight glycemic control on func-
tional outcome or in survival [33]. Recently, AIS patients 
were randomized to receive continuous intravenous insu-
lin (intensive treatment group) or subcutaneous insulin on 
a sliding scale (standard treatment group) in the SHINE 
trial. Although blood glucose level was significantly lower 
in the intensive treatment group, rates of favorable out-
come were similar between the two groups. In addition, 
severe hypoglycemic events occurred in the intensive treat-
ment group [34].

Our study has limitations. About one fourth of patients 
were excluded because of missing fasting glucose or HbA1c 
(n = 26), or because lost to follow-up (n = 132). Patients 
in the four GAR quartiles showed significant differences 
regarding important baseline clinical characteristics, e.g. 
NIHSS score at admission. Although we know that these 
baseline differences might have partially affected our results, 
we would also underline that minimizing heterogeneity 
was arduous. In fact, since stress hyperglycemia is strictly 
related to the severity of the illness, it is clear that patients 
in the highest GAR quartile were affected by the most severe 
strokes with the highest NIHSS scores at admission. In addi-
tion, NIHSS score at admission and pre-stroke mRS were 
included among confounders in our multivariate analysis. 
This is a retrospective, observational study, thus the cause-
effect relationship between stress hyperglycemia and out-
come should be considered speculative. The retrospective 
nature of the study and the quartile-based analysis might 
have affected an adequate control for confounding variables 
able to impact outcomes. Even after controlling for known 
confounders, residual confounding from unobserved factors 
might have affected our results. Finally, since some of the 
3-month mRS scores were indirectly recorded through tel-
ephone interview with patients or their caregivers, it might 
be possible that post-discharge functional status was not 
captured as well as in-hospital one.

In conclusion, we demonstrated that stress hyperglyce-
mia, as measured by the GAR index, is associated to worse 
outcome in AIS patients undergoing IVT. In addition, we 
observed that severity of hyperglycemia, i.e. the highest 
GAR quartile, was directly related to stressor intensity, i.e. 
more severe ischemic stroke as measured by the NIHSS 
score.
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