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Abstract 

Background:  Hyperglycemic non-diabetic stroke patients have a worse prognosis than both normoglycemic and 
diabetic patients. Aim of this study was to assess whether hyperglycemia is an aggravating factor or just an epiphe-
nomenon of most severe strokes.

Methods:  In this retrospective study, 1219 ischemic or hemorrhagic stroke patients (73.7 ± 13.1 years) were divided 
into 4 groups: 0 = non-hyperglycemic non-diabetic, 1 = hyperglycemic non-diabetic, 2 = non-hyperglycemic diabetic 
and 3 = hyperglycemic diabetic. Hyperglycemia was defined as fasting blood glucose ≥ 126 mg/dl (≥ 7 mmol/l) 
measured the morning after admission, while the diagnosis of diabetes was based on a history of diabetes mellitus 
or on a glycated hemoglobin ≥ 6.5% (≥ 48 mmol/mol), independently of blood glucose levels. All diabetic patients, 
except 3, had Type 2 diabetes. The 4 groups were compared according to clinical history, stroke severity indicators, 
acute phase markers and main short term stroke outcomes (modified Rankin scale ≥ 3, death, cerebral edema, hemor-
rhagic transformation of ischemic lesions, fever, oxygen administration, pneumonia, sepsis, urinary infection and heart 
failure).

Results:  Group 1 patients had more severe strokes, with larger cerebral lesions and higher inflammatory markers, 
compared to the other groups. They also had a high prevalence of atrial fibrillation, prediabetes, previous stroke and 
previous arterial revascularizations. In this group, the highest frequencies of cerebral edema, hemorrhagic transfor-
mation, pneumonia and oxygen administration were obtained. The prevalence of dependency at discharge and 
in-hospital mortality were equally high in Group 1 and Group 3. However, in multivariate analyses including stroke 
severity, cerebral lesion diameter, leukocytes and C-reactive protein, Group 1 was only independently associated with 
hemorrhagic transformation (OR 2.01, 95% CI 0.99–4.07), while Group 3 was independently associated with mortality 
(OR 2.19, 95% CI 1.32–3.64) and disability (OR 1.70, 95% CI 1.01–2.88).

Conclusions:  Hyperglycemic non-diabetic stroke patients had a worse prognosis than non-hyperglycemic or dia-
betic patients, but this group was not independently associated with mortality or disability when size, severity and 
inflammatory component of the stroke were accounted for.
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Background
There is no doubt about the importance of diabetes as 
a stroke risk factor. Instead, what is still controversial 
is the role played by diabetes and hyperglycemia on the 
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outcome of acute stroke. From the 90 s to present days, 
the subject has been treated in numerous publications, 
without reaching definitive conclusions. The most inter-
esting and intriguing result is the almost generalized 
finding of a worse prognosis in hyperglycemic non-dia-
betic patients than in diabetic patients [1–13].

These observations led to the definition of “stress 
hyperglycemia” as a possible important factor worsen-
ing the prognosis of stroke patients [14]. In fact, experi-
mental studies suggest that an excess of glucose may be 
detrimental to brain structures and metabolism [15]. 
In particular, as illustrated in an excellent review by 
Li et  al. [16], hyperglycemia intensifies the inflamma-
tory response, resulting in increased permeability of the 
blood–brain barrier, edema and hemorrhage. In addi-
tion, under conditions of ischemic anaerobiosis, glycemic 
excess intensifies anaerobic glycolysis, and consequently 
lactic acidosis. Finally, neuronal damage can result from 
the accumulation of calcium and reactive oxygen species, 
and from the vasoconstrictor effect caused by a lower 
availability of nitric oxide.

Despite these documented harmful effects of hypergly-
cemia, uncertainty remains as to whether the hyperglyce-
mia associated with severe strokes is a contributing factor 
to such severity, or just an epiphenomenon of severity. 
This distinction is of considerable practical relevance: 
in fact, in the first case it would be important to try to 
control, even aggressively, hyperglycemia even in non-
diabetic patients, while in the second case such control 
would be unnecessary, if not potentially harmful. To shed 
light on this topic, it is important to correct the statisti-
cal analysis for all the main confounding factors: age, sex, 
acute phase markers, stroke severity and cerebral lesion 
size. These factors have not always been considered in 
the various studies and, in particular, the extent of brain 
injury has almost never been considered.

The present study aims to bring a new contribution to 
the understanding of the relationships between diabetes, 
stress hyperglycemia and acute stroke outcomes. The 
analysis was corrected for the main confounding factors 
associated with stroke severity and inflammatory status, 
also considering, in particular, cerebral lesion diameter.

Materials and methods
Patients
This retrospective observational cross-sectional study 
included all patients admitted to our stroke unit, for 
acute ischemic or hemorrhagic stroke, from January 19, 
2011, to December 30, 2015 (N = 1233). Patients whose 
fasting blood glucose was not available (N = 14) were 
excluded from the study. Thus, the sample used for 
the analyses included 1219 patients with a mean age of 
73.7 ± 13.1 years, 624 of whom (51.2%) were men.

In accordance with the American Diabetes Associa-
tion (ADA) and the International Expert Committee on 
HbA1c (IEC HbA1c) [17, 18], patients with a history of 
diabetes mellitus or with glycated hemoglobin ≥ 6.5% 
(≥ 48 mmol/mol) were considered diabetic.

Hyperglycemia was defined as fasting blood glu-
cose ≥ 126  mg/dl (≥ 7  mmol/l) measured the morning 
after admission. In order to study the independent con-
tribution of high glucose levels, which are often present 
in the acute phase of stroke, to the short-term progno-
sis, hyperglycemia, even if detected in more than one 
measurement, was not considered sufficient for the 
diagnosis of diabetes, if not associated with increase 
in glycated hemoglobin or with previous diagnosis of 
diabetes.

In this way, patients were divided into 4 groups: Group 
0 = non-hyperglycemic non-diabetic (N = 884), Group 
1 = hyperglycemic non-diabetic (N = 73), Group 2 = non-
hyperglycemic diabetic (N = 101), and Group 3 = hyper-
glycemic diabetic (N = 161). Almost all diabetic patients 
had Type 2 diabetes: there were only 3 cases of Type 1 
diabetes (2 in Group 2 and 1 in Group 3).

In relation to etiology, ischemic strokes (N = 1055) 
were classified into 5 categories according to the Trial 
of ORG 10172 in Acute Stroke Treatment (TOAST) cri-
teria [19]. In relation to the site and extent of the lesion, 
ischemic strokes were clinically classified as lacunar syn-
dromes (LACS), partial anterior circulation syndromes 
(PACS), total anterior circulation syndromes (TACS) and 
posterior circulation syndromes (POCS), according to 
the Oxfordshire Community Stroke Project (OCSP) cri-
teria [20]. In relation to the location, hemorrhagic strokes 
(N = 164) were classified as “atypical lobar” or “typical 
deep” (the latter including all non-lobar sites). Stroke 
severity on stroke unit admission was described using 
the National Institutes of Health Stroke Scale (NIHSS) 
score [21]. The degree of disability upon discharge from 
the stroke unit was described using the modified Rankin 
scale (mRS) [22], and a score ≥ 3 (loss of autonomy) was 
considered relevant. Short-term mortality from any cause 
was ascertained during stroke unit stay (median duration: 
7  days). Fever was defined as a temperature ≥ 37.5  °C 
(temperature was measured at least 3 times a day). Oxy-
gen was administered when arterial oxygen saturation 
(measured at least once a day) was ≤ 92% [23]. Present or 
previous atrial fibrillation was defined based on clinical 
history and continuous ECG monitoring.

Because this was a retrospective study including many 
patients deceased after the stroke, an informed consent 
could not be obtained. However, at the time of hospi-
talization patients were informed that their data could be 
used for research purposes and the study protocol was 
approved by our Hospital-University Ethics Committee.
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Laboratory and instrumental variables
Blood glucose, leukocyte count and high-sensitivity 
C-reactive protein were measured on fasting venous 
blood sampling performed the morning after admis-
sion. Glycated hemoglobin was measured by high per-
formance liquid chromatography (HPLC) in diabetic 
patients and those with high blood glucose (≥ 126 mg/
dl or 7 mmol/l). All ischemic stroke patients underwent 
ultrasonography of supraortic trunks, and carotid ste-
nosis ≥ 50%, both ipsi- and contralateral, was recorded. 
Patients underwent at least 2 brain CT scans: the first 
on admission to the Emergency Department and the 
second on average on the third day of hospitalization. 
From the images of the second brain CT, the maximum 
diameter in cm of the brain lesion, both ischemic and 
hemorrhagic, was obtained, as well as the possible pres-
ence of cerebral edema, defined as a hypodense area 
with mass effect. Hemorrhagic transformation of the 
ischemic area was defined as any of the 4 levels of the 
European Cooperative Acute Stroke Study (ECASS) 
scale [24], which was detected in any of the brain CT 
scans performed during hospitalization.

Statistical analysis
The continuous variables with Gaussian distribution 
were described with mean and standard deviation and 
compared with analysis of variance (ANOVA) or Stu-
dent’s t test for unpaired data. The continuous variables 
with non-Gaussian distribution were described with 
median and interquartile range and compared with 
Kruskal–Wallis’ and Mann–Whitney’s tests. Percent-
ages were compared with χ2 test.

Survival curves were obtained with Kaplan Meier 
analysis and compared with log rank test.

Multivariate analysis for the dependent variables cer-
ebral edema, hemorrhagic transformation, fever, pneu-
monia, oxygen administration and relevant disability 
(mRS ≥ 3) was performed by logistic regression, which 
produced odds ratios and relative confidence intervals. 
For the dependent variable death, Cox regression was 
performed, which produced hazard ratios. The possible 
presence of collinearity in the models was assessed by 
Variance Inflation Factor (VIF) analysis. The matrix of 
multivariate correlations between blood glucose, acute 
phase markers and stroke severity indicators was car-
ried out by multiple linear regressions, after logarith-
mic transformation of the variables to obtain their 
normalization, and backward elimination of non-sig-
nificant associations was performed, so that all residual 
variables were independently and significantly associ-
ated with the dependent variable.

Two-tail tests were performed throughout, and 
P-values < 0.05 were considered significant. For statis-
tical calculations, SPSS v. 22 software was used (IBM, 
Armonk, New York, USA).

Results
General characteristics of the 4 groups of stroke patients
Table  1 shows the main characteristics of the 4 groups 
of stroke patients (1055 ischemic and 164 hemorrhagic). 
Diabetic patients, both non-hyperglycemic and hypergly-
cemic, had higher glucose levels than the corresponding 
non-diabetic groups. The hyperglycemia of non-diabetic 
patients (Group 1) was generally mild and transient, fall-
ing below the threshold of 126 mg/dl (7 mmol/l) within a 
few days and, in fact, only in 9.6% of cases a short insu-
lin treatment was administered. In sporadic cases (1.9%) 
insulin was administered to Group 0 patients who had 
hyperglycemia in the days following admission. Glycated 
hemoglobin values were highest in Group 3, intermediate 
in Group 2 and lowest in Group 1 (glycated hemoglobin 
was not measured in Group 0). Among group 1 patients, 
46.7% had glycated hemoglobin ≥ 6% (≥ 42  mmol/mol), 
thus being defined as high risk prediabetic according 
to the International Expert Committee on HbA1c [18]. 
Compared to Group 0, in Group 3 there was a higher 
prevalence of men and chronic kidney disease; in addi-
tion, in both groups of diabetic patients there was a 
higher frequency of hypertension, hypertriglyceridemia, 
HDL hypocholesterolemia, carotid stenosis, previous 
myocardial infarction, peripheral artery disease and arte-
rial revascularizations. In relation to all these variables, 
Group 1 did not differ significantly from Groups 2 and 
3, and generally had higher values, although not signifi-
cantly, than Group 0. In addition, in Group 1 there was 
a higher frequency of atrial fibrillation than in Groups 
0 and 3, a higher frequency of previous stroke than in 
Group 3 and a higher frequency of arterial revasculariza-
tions than in Group 0. Finally, Group 1 had a significantly 
lower prevalence of small artery strokes than all other 
groups, while Group 3 had the highest prevalence of such 
strokes and the lowest frequency of thrombolysis.

Stroke severity indicators and acute phase markers
Group 1 included the most severe strokes. In fact, NIHSS 
score in this group was by far the highest, and cerebral 
lesion diameter was by far the largest, compared to the 
other 3 groups. In addition, the frequency of lacunar 
syndromes (LACS) was the lowest and the frequency 
of total anterior circulation syndromes (TACS) was the 
highest (the latter differed significantly only from Group 
0). However, the frequency of hemorrhagic strokes was 
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Table 1  Characteristics of the four groups (N = 1219, 1055 ischemic and 164 hemorrhagic strokes)

Group P value

0 (N = 884) 1 (N = 73) 2 (N = 101) 3 (N = 161)

General characteristics

 Blood glucose (mmol/l) 4.89 [4.39–5.50] 7.44 [7.17–8.00] 5.83 [5.11–6.33]d0 9.44 [8.11–11.67]d1 –

 In-hospital insulin treatment 17 (1.9) 7 (9.6)d0 58 (57.4)d0d1 131 (81.4)d0d1d2 < 0.0001

 HbA1c (%) – 5.9 [5.6–6.2] 6.8 [6.3–7.4] 7.6 [6.9–8.5]d2 –

 Age (years) 73.7 ± 13.7 73.2 ± 12.8 74.2 ± 10.6 73.5 ± 10.7 0.97

 Male sex 427 (48.3) 41 (56.2) 57 (56.4) 99 (61.5)b0 0.009

 Hypertension 730 (82.6) 64 (87.7) 94 (93.1)b0 147 (91.3)b0 0.002

 Hypercholesterolemia 567 (64.1) 40 (54.8) 66 (65.3) 98 (60.9) 0.37

 Hypertriglyceridemia 60 (6.8) 9 (12.3) 14 (13.9)b0 36 (22.4)d0 < 0.0001

 HDL Hypocholesterolemia 113 (12.8) 13 (17.8) 20 (19.8)a0 40 (24.8)d0 0.0005

 Ever smoker 365 (41.3) 31 (42.5) 49 (48.5) 71 (44.1) 0.54

 Alcohol drinker 155 (17.5) 14 (19.2) 14 (13.9) 21 (13.0) 0.41

 Carotid stenosis ≥ 50%* 232 (30.6) 26 (43.3) 45 (48.9)c0a3 48 (33.3) 0.002

 Atrial fibrillation 277 (31.3) 31 (42.5)a0a3 36 (35.6) 45 (28.0) 0.13

 Chronic kidney disease 79 (8.9) 8 (11.0) 14 (13.9) 30 (18.6)c0 0.002

 Previous myocardial infarction 95 (10.7) 12 (16.4) 26 (25.7)d0 36 (22.4)d0 < 0.0001

 Previous stroke 112 (12.7) 14 (19.2)a3 23 (22.8)b0b3 15 (9.3) 0.006

 Peripheral artery disease 39 (4.4) 4 (5.5) 14 (13.9)d0 15 (9.3)b0 0.0004

 Previous arterial revascularizations 65 (7.4) 12 (16.4)b0 19 (18.8)d0 23 (14.3)b0 < 0.0001

 TOAST classification*

  Large artery 125 (16.5) 10 (16.7) 22 (23.9) 25 (17.4) 0.36

  Cardioembolism 228 (30.0) 22 (36.7) 26 (28.3) 40 (27.8) 0.63

  Small artery 136 (17.9)a1 4 (6.7) 15 (16.3) 44 (30.6)c0c1b2 0.0002

  Other determined 22 (2.9) 3 (5.0) 4 (4.3) 2 (1.4) 0.43

  Undetermined 248 (32.7) 21 (35.0) 25 (27.2) 33 (22.9) 0.09

  i.v. Thrombolysis* 135 (17.8) 9 (15.0) 14 (15.2) 14 (9.7)a0 0.11

Stroke severity indicators

 NIHSS score 7 [3–14] 12 [6–18]d0c2a3 6 [3–14] 8 [4–14]a0 < 0.0001

 Cerebral lesion diameter (cm) 2.7 [1.1–4.7] 4.2 [1.8–6.7]d0c2a3 2.3 [0.9–4.6] 2.4 [0.9–4.9] 0.005

 OCSP classification*

  LACS 171 (22.5) 4 (6.7)a0b2b3 24 (26.1) 37 (25.7) 0.02

  PACS 305 (40.2) 27 (45.0) 36 (39.1) 44 (30.6) 0.13

  TACS 163 (21.5) 22 (36.6)b0 22 (23.9) 35 (24.3) 0.06

  POCS 120 (15.8) 7 (11.7) 10 (10.9) 28 (19.4) 0.27

 Hemorrhagic stroke 125 (14.1) 13 (17.8) 9 (8.9) 17 (10.6) 0.21

  “Typical” deep location 81 (64.8) 6 (46.2) 6 (66.7) 13 (76.5) 0.39

  “Atypical” lobar location 44 (35.2) 7 (53.8) 3 (33.3) 4 (23.5) 0.39

Acute phase markers

 Leukocytes (109/l) 8.26 [6.77–10.16] 9.95 [8.11–12.71]d0c2a3 8.43 [6.88–10.31] 9.43 [7.46–11.16]c0 < 0.0001

 C-reactive protein (mg/dl) 0.77 [0.29–2.52] 1.72 [0.65–4.51]c0c2c3 0.63 [0.32–2.22] 0.82 [0.35–2.35] 0.002

 Fever 250 (28.3) 35 (47.9)c0a2a3 32 (31.7) 59 (36.6) 0.002

Outcomes

 Modified Rankin scale ≥ 3 624 (70.6) 62 (84.9)b0b2 69 (68.3) 131 (81.4)b0a2 0.002

 Death 48 (5.4) 10 (13.7)b0 8 (7.9) 25 (15.5)d0 < 0.0001

 Cerebral edema 317 (35.9) 42 (57.5)c0d2c3 29 (28.7) 61 (37.9) 0.0008

 Hemorrhagic transformation* 139 (18.3) 25 (41.7)d0b2c3 18 (19.6) 26 (18.1) 0.0002

 Fever 250 (28.3) 35 (47.9)c0a2a3 32 (31.7) 59 (36.6) 0.002

 Oxygen administration 187 (21.2) 30 (41.1)d0b2 23 (22.8) 53 (32.9)c0 < 0.0001
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not significantly different in the 4 groups. In Group 1, 
the maximum values of acute phase markers were also 
detected: leukocytes, C-reactive protein and fever preva-
lence were significantly higher than in the other 3 groups. 
In Group 3 leukocytes were higher than in Group 0.

Stroke outcomes
Probably due to the greater stroke severity and the more 
intense acute phase, Group 1 had the highest prevalence 
of the main outcomes. At discharge, the prevalence of 
patients with an mRS score ≥ 3 was significantly higher 
than in Groups 0 and 2, and mortality was significantly 
higher than in Group 0. Similar results to these were also 

present in Group 3. However, the survival curves of the 4 
groups (Fig. 1) show that Group 3 had the worst course, 
while the temporal course of Group 1 was similar to that 
of Group 0.

In addition, in Group 1 there was the maximum preva-
lence, significantly higher than in the other 3 groups, of 
cerebral edema, hemorrhagic transformation and fever 
(the latter already considered among acute phase indica-
tors). In Group 1, the need for oxygen supplementation 
was greater than in Groups 0 and 2, and the frequency of 
pneumonia and heart failure was higher than in Group 0.

Multivariate analysis of main outcomes
Table 2 shows the multivariate analysis of the main out-
comes: mRS ≥ 3, death, cerebral edema, hemorrhagic 
transformation, fever, pneumonia and need of oxygen 
administration. These 7 outcomes, in the form 1/0 (yes/
no), were the dependent variables in 7 multivariate anal-
yses. The possible contribution to these outcomes of 
Groups 1, 2 and 3 (each of them in the form yes/no) was 
evaluated also taking into account the main indicators of 
stroke severity (NIHSS score and cerebral lesion diame-
ter), acute phase markers (leukocytes, C-reactive protein 
and fever), cardiovascular events in past medical history 
(myocardial infarction, stroke, peripheral artery disease 
and arterial revascularizations), plus age and sex, for a 
total of 14 independent variables. The analysis of each 
outcome included all 14 independent variables, except 
fever when the outcome was fever. The maximum VIF 
value was 1.85 (concerning NIHSS score when hemor-
rhagic transformation was the dependent variable), well 
below the limit of 10 over which collinearity is probably 
present. Overall, outcomes were mainly associated with 
age, stroke severity and acute phase markers. Group 1 
remained associated with hemorrhagic transformation 
with borderline significance, Group 2 did not remain 

Values are mean ± SD or median [25th–75th percentile] or number (percentage)

a = P < 0.05, b = P ≤ 0.01, c = P ≤ 0.001, d = P ≤ 0.0001 (number after symbol indicates reference group)

Groups: 0 = nondiabetic nonhyperglycemic, 1 = nondiabetic hyperglycemic, 2 = diabetic nonhyperglycemic, 3 = diabetic hyperglycemic

HbA1c Glycated hemoglobin, HDL high density lipoprotein, LACS lacunar syndrome, NIHSS National Institutes of Health Stroke Scale, OCSP Oxfordshire Community 
Stroke Project, PACS partial anterior circulation syndrome, POCS posterior circulation syndrome, TACS total anterior circulation syndrome, TOAST Trial of Org 10172 in 
Acute Stroke Treatment
* Percentages referred to ischemic strokes only

Table 1  (continued)

Group P value

0 (N = 884) 1 (N = 73) 2 (N = 101) 3 (N = 161)

 Pneumonia 41 (4.6) 8 (11.0)a0 6 (5.9) 7 (4.3) 0.12

 Sepsis 26 (2.9) 5 (6.8) 5 (5.0) 7 (4.3) 0.24

 Urinary infection 82 (9.3) 6 (8.2) 8 (7.9) 8 (5.0) 0.35

 Heart failure 48 (5.4) 8 (11.0)a0 7 (6.9) 11 (6.8) 0.26

Fig. 1  Survival curves of the 4 groups. Groups: 0 = nondiabetic 
nonhyperglycemic, 1 = nondiabetic hyperglycemic, 2 = diabetic 
nonhyperglycemic, 3 = diabetic hyperglycemic
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independently associated with any outcomes, and Group 
3 remained independently associated with mortality 
(but the strongest predictor of death was NIHSS score) 
and, with lower significance, with disability and oxygen 
administration.

Thus, decompensated diabetes was associated with 
adverse outcomes independently of stroke severity and 
its inflammatory component, while these adverse out-
comes did not seem to be directly associated with Group 
1, with the only possible exception of hemorrhagic 
transformation.

Relationships among blood glucose, indicators of stroke 
severity and markers of inflammation in non‑diabetic 
patients
To illustrate the interrelationships in non-diabetic 
patients (Groups 0 and 1) among blood glucose, indi-
cators of stroke severity and markers of inflammation, 
Table  3 shows the matrix of multivariate correlations 
among these factors. Blood glucose, as a dependent vari-
able, was associated with leukocytes and cerebral lesion 
diameter, while leukocytes, in the role of dependent vari-
able, were strongly associated with blood glucose. How-
ever, when cerebral lesion diameter and NIHSS score 
were the dependent variables, blood glucose was not 
associated with them.

Table 2  Multivariate analysis of outcome predictors (N = 1182)

Results of multiple logistic regression models (Cox regression was performed when the outcome was Death). The numbers in each cell are odds ratio (hazard ratio 
when the outcome was Death), [95% confidence interval] and P value

Groups: 1 = nondiabetic hyperglycemic, 2 = diabetic nonhyperglycemic, 3 = diabetic hyperglycemic

mRS = modified Rankin scale, NIHSS = National Institutes of Health Stroke Scale
* Analysis referred to ischemic strokes only (N = 1027)

Variables Outcomes

mRS ≥ 3 
(N = 856)

Death (N = 89) Cerebral 
edema 
(N = 434)

Hemorrhagic 
transformation* 
(N = 203)

Fever (N = 361) Pneumonia 
(N = 57)

Oxygen 
administration 
(N = 279)

Age (years) 1.05 [1.03–
1.06] < 0.0001

1.03 [1.01–1.06] 
0.009

0.99 [0.98–1.01] 
0.29

0.99 [0.98–1.01] 
0.47

1.01 [0.99–1.02] 
0.37

1.05 [1.01–1.08] 
0.006

1.04 [1.03–
1.06] < 0.0001

Male sex 1.05 [0.73–1.50] 
0.78

1.65 [1.05–2.58] 
0.03

1.12 [0.79–1.59] 
0.51

1.48 [1.00–2.18] 
0.048

0.94 [0.70–1.26] 
0.68

2.75 [1.45–5.22] 
0.002

1.23 [0.87–1.74 
0.25

NIHSS score 1.40 [1.32–
1.48] < 0.0001

1.09 [1.05–
1.13] < 0.0001

1.03 [1.00–1.06] 
0.055

1.01 [0.98–1.04] 
0.55

1.09 [1.06–
1.11] < 0.0001

1.06 [1.01–1.11] 
0.01

1.10 [1.07–
1.13] < 0.0001

Cerebral lesion 
diameter (cm)

1.12 [1.02–1.23] 
0.02

1.01 [0.95–1.08] 
0.73

2.04 [1.86–
2.25] < 0.0001

1.47 [1.36–
1.58] < 0.0001

1.09 [1.03–1.15] 
0.002

1.04 [0.95–1.15] 
0.37

1.03 [0.97–1.09] 
0.38

Leukocytes 
(109/l)

1.06 [0.99–1.13] 
0.10

1.07 [1.02–1.13] 
0.01

1.05 [0.99–1.11] 
0.09

1.00 [0.94–1.07] 
0.95

1.06 [1.01–1.11] 
0.01

1.07 [0.99–1.15] 
0.09

1.07 [1.02–1.12] 
0.006

C-reactive pro-
tein (mg/dl)

1.03 [0.96–1.11] 
0.40

1.01 [0.98–1.03] 
0.55

0.97 [0.93–1.01] 
0.16

0.95 [0.92–0.99] 
0.009

1.07 [1.03–1.11] 
0.0004

1.01 [0.97–1.06] 
0.51

1.10 [1.06–
1.15] < 0.0001

Fever 1.46 [0.90–2.37] 
0.13

1.36 [0.83–2.22] 
0.23

2.11 [1.46–
3.07] < 0.0001

1.41 [0.94–2.11] 
0.10

– 6.11 [2.99–
12.50] < 0.0001

2.34 [1.66–
3.28] < 0.0001

Prev. myocardial 
infarction

1.37 [0.68–2.77] 
0.38

1.19 [0.60–2.36] 
0.62

0.43 [0.23–0.84] 
0.01

1.07 [0.57–2.01] 
0.83

1.23 [0.76–2.02] 
0.40

2.32 [1.03–5.24] 
0.04

1.36 [0.79–2.36] 
0.27

Previous stroke 1.37 [0.80–2.33] 
0.25

1.01 [0.56–1.81] 
0.98

0.80 [0.48–1.34] 
0.40

0.95 [0.55–1.62] 
0.84

0.98 [0.65–1.46] 
0.91

1.11 [0.50–2.43] 
0.80

0.80 [0.50–1.29] 
0.36

Peripheral artery 
disease

2.80 [1.14–6.89] 
0.03

1.37 [0.61–3.05] 
0.45

0.88 [0.41–1.90] 
0.75

1.16 [0.57–2.36] 
0.69

0.46 [0.24–0.88] 
0.02

0.88 [0.28–2.75] 
0.83

1.22 [0.64–2.35] 
0.54

Prev. arterial 
revasculariza-
tions

0.41 [0.19–0.87] 
0.02

0.55 [0.24–1.27] 
0.16

1.72 [0.84–3.52] 
0.14

1.37 [0.68–2.78] 
0.38

0.86 [0.49–1.52] 
0.60

1.04 [0.41–2.66] 
0.94

0.51 [0.26–0.98] 
0.04

Group 1 1.25 [0.52–3.00] 
0.61

1.45 [0.71–2.95] 
0.30

1.11 [0.53–2.32] 
0.78

2.01 [0.99–4.07] 
0.053

1.55 [0.87–2.74] 
0.13

1.26 [0.48–3.33] 
0.64

1.77 [0.95–3.32] 
0.07

Group 2 0.83 [0.45–1.53] 
0.55

1.29 [0.58–2.87] 
0.54

0.65 [0.34–1.24] 
0.19

1.07 [0.56–2.06] 
0.83

1.48 [0.90–2.45] 
0.12

1.29 [0.46–3.60] 
0.62

1.33 [0.74–2.41] 
0.35

Group 3 1.70 [1.01–2.88] 
0.046

2.19 [1.32–3.64] 
0.003

0.97 [0.57–1.63] 
0.90

0.71 [0.39–1.27] 
0.24

1.36 [0.90–2.05] 
0.14

0.50 [0.20–1.29] 
0.15

1.73 [1.08–2.78] 
0.02
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Discussion
This study has confirmed that the most severe strokes 
mainly occur in the group of hyperglycemic non-diabetic 
patients [14, 25, 26]. This was reflected in a high fre-
quency of all major outcomes, starting from disability and 
death (with frequencies comparable to those of hypergly-
cemic diabetic patients), up to cerebral edema, hemor-
rhagic transformation and need of oxygen administration 
(with higher frequencies than in all other groups). How-
ever, this study has shown that belonging to Group 1 was 
not independently associated with the main outcomes of 
mortality and disability, when indicators of stroke sever-
ity and inflammatory status were taken into account, and 
only the association of Group1 with hemorrhagic trans-
formation was confirmed in multivariate analysis. There 
are also some pre-stroke characteristics, such as the high 
prevalence of high-risk prediabetes, arterial revasculari-
zations and atrial fibrillation, which could explain why 
Group 1 was characterized by strokes of greater severity. 
Thus, hyperglycemia seems to be a consequence of the 
increased severity, rather than its possible cause. In addi-
tion, neither hyperglycemia nor diabetes seem to affect 
the occurrence of hemorrhagic strokes, as hemorrhagic 
strokes were not differently distributed in the 4 study 
groups.

The following discussion seeks to provide answers to 
the main questions concerning the relationships among 
hyperglycemia, diabetes and stroke.

What is the real contribution of hyperglycemia 
to the various outcomes in non‑diabetic patients?
Our multivariate analysis has shown that there was no 
independent association of Group 1 with the main out-
comes (mortality and disability), and also with cerebral 
edema, fever and oxygen administration.

In addition to age, the main factors independently asso-
ciated with all outcomes were NIHSS score and cerebral 

lesion diameter. It seems unlikely that hyperglycemia in 
Group 1 may have preceded the stroke and thus contrib-
uted to these factors. In fact, hyperglycemia in Group 1 
was almost always rapidly reversible, most often with-
out the need for insulin treatment. In addition, in Group 
3 hyperglycemia was significantly higher and presum-
ably preceded the stroke, but NIHSS score and cerebral 
lesion diameter were lower than in Group 1. Finally, in 
the matrix of multivariate correlations performed in non-
diabetic patients, blood glucose was dependent on cere-
bral lesion diameter and leukocytes, while cerebral lesion 
diameter and NIHSS score were not dependent on blood 
glucose.

Another factor associated with many outcomes was 
inflammation (C-reactive protein, leukocytes and fever). 
To a large extent, this inflammation could be related to 
the size of cerebral lesion and stroke severity [27]. Other 
causes could be the infectious complications (especially 
pneumonia) that are often associated with most severe 
strokes. It is known that inflammatory cytokines, by 
binding to insulin receptors, can induce insulin resist-
ance, and thus contribute to “stress hyperglycemia” 
[28–31].

It is also possible a reverse mechanism, namely a 
pro-inflammatory action of hyperglycemia [32–34] 
and, with the intermediation of inflammation, hyper-
glycemia could promote hemorrhagic transformation. 
In fact, inflammation can increase blood–brain bar-
rier permeability and can damage the white matter [16, 
35]. An association between hyperglycemia and hem-
orrhagic transformation had previously been found by 
others [36] and also by us, previously [37] and in the 
present study. However, the factor by far most associ-
ated with hemorrhagic transformation is the size of 
cerebral lesion [37], and this may partly explain why 
we did not find a direct association with hemorrhagic 
transformation in Group 3, despite the fact that glucose 

Table 3  Multivariate correlation matrix of blood glucose, acute phase indicators and stroke severity indicators in nondiabetic patients 
(N = 928)

Final results of multiple linear regressions after backward elimination of nonsignificant correlations. The numbers in each cell are Pearson’s r correlation coefficients 
and P values

CLD cerebral lesion diameter, CRP C-reactive protein, NIHSS National Institutes of Health Stroke Scale

Dependent variables

Log glucose Log leukocytes Log CRP Log NIHSS Log CLD

Log glucose – 0.12 (P = 0.0001) – – –

Log leukocytes 0.15 (P < 0.0001) – 0.23 (P < 0.0001) 0.10 (P = 0.002) 0.10 (P = 0.003)

Log CRP – 0.23 (P < 0.0001) – 0.17 (P < 0.0001) 0.11 (P = 0.0006)

Log NIHSS – 0.10 (P = 0.004) 0.18 (P < 0.0001) – 0.30 (P < 0.0001)

Log CLD 0.09 (P = 0.009) 0.09 (P = 0.006) 0.11 (P = 0.0006) 0.29 (P < 0.0001) –

R2 0.03 0.12 0.14 0.17 0.15
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levels in that group were even higher than in Group 
1. In fact, in Group 3 there was a high prevalence of 
lacunar strokes, in accordance with previous observa-
tions that diabetes, together with hypertension, is a fac-
tor favoring small vessel disease [38]. So, despite the 
marked hyperglycemia, the high prevalence of small 
lacunar infarcts in Group 3 made hemorrhagic trans-
formation unlikely.

What causes hyperglycemia in Group 1?
The most probable cause of hyperglycemia, generally 
transient, characterizing Group 1, was probably the 
marked acute phase, witnessed by the increase in the 
indices of inflammation, in turn an expression of the 
severity and extent of cerebral lesions. There are vari-
ous mechanisms by which hyperglycemia can follow the 
acute phase. It has already been mentioned that inflam-
matory cytokines, by binding to insulin receptors, may 
cause hyperglycemia. The main mechanism seems to be 
reduced tyrosine kinase activity of the insulin receptor 
induced by tumor necrosis factor-alpha [28]. Another 
important mechanism linking the acute phase with 
hyperglycemia is the secretion of adrenal stress hor-
mones. In this regard, if in acute stroke patients van 
Kooten et al. [39] found no correlation between norepi-
nephrine levels and blood glucose, Tracey et al. [3] found 
a correlation between cortisol levels and cerebral lesion 
volume, so that the relationship between blood glucose 
and mortality disappeared by adjusting the analysis for 
cortisol levels. Finally, a further possible cause of hyper-
glycemia is the presence, among non-diabetic patients, 
of high risk prediabetic patients (about 50% in Group 1), 
who may be particularly likely to develop hyperglycemia 
in stressful conditions. In this regard, in a group of 106 
patients with ischemic stroke, Vancheri et al. [25] found 
that more than two-thirds of them had impaired glucose 
tolerance, even 3 months after the acute stroke.

The presence, in Group 1, of high risk prediabetic 
patients, could also explain the higher prevalence, com-
pared to Group 0, of atherosclerotic lesions of large ves-
sels, as documented by the significant higher frequency 
of arterial revascularizations and (although not signifi-
cantly) of carotid stenosis, previous myocardial infarct 
and previous stroke. The prevalence of atrial fibrillation 
was also significantly higher in Group 1 than in Group 
0 (in the TOAST classification, strokes classified as car-
dioembolic were less numerous than the cases of atrial 
fibrillation, because some cases of atrial fibrillation had 
been classified as undetermined, being associated with 
other possible causes of stroke).

Thus, Group 1 included many strokes associated with 
atrial fibrillation and large vessel atherosclerosis, all 

conditions that tend to generate large ischemic cerebral 
lesions, thus determining an important acute stress con-
dition. Transient hyperglycemia, accentuated by the pos-
sible presence of prediabetes, could be the consequence 
and the indicator of this stress condition.

Is it important to normalize stress hyperglycemia in stroke 
patients?
As illustrated in the previous paragraphs, the results of 
this study seem to indicate that hyperglycemia in non-
diabetic stroke patients is primarily a consequence, and 
not a cause, of stroke severity. This would lead to deny 
the usefulness of an aggressive treatment of hypergly-
cemia in the acute phase of stroke. However, it is nec-
essary to remember that this cross-sectional study, like 
all cross-sectional studies, does not have the power 
to establish with certainty the relationships of cause 
and effect. In addition, controlling hyperglycemia 
may reduce the risk of hemorrhagic transformation of 
ischemic lesions. Finally, there is also the possibility 
that hyperglycemia may further worsen the evolution of 
an already severe stroke.

Gentile et  al. [40] in 2006 showed that, among 373 
hyperglycemic patients with ischemic stroke, those who 
achieved a normalization of blood glucose in 48 h had 
a lower mortality than patients with persistent hyper-
glycemia (the latter, however, had much higher base-
line blood glucose levels). The retrospective design of 
the study and the lack of control, in the analysis, for 
the initial glucose levels, do not allow to exclude that 
the persistently hyperglycemic patients were already 
the most severe ones from stroke onset. Similarly, in 
25 ischemic stroke patients who underwent continuous 
glycemic monitoring, Baird et al. [41] found that those 
with persistently elevated glucose levels had a signifi-
cant tendency to cerebral infarct expansion. However, 
this study did not allow to establish what was the cause 
and what the effect between persistent hyperglycemia 
and infarct expansion.

Overall, the intervention studies carried out so far 
are not in favor of an aggressive treatment of stress 
hyperglycemia in patients with acute stroke [42]. For 
example, the GIST-UK study [43], concerning glucose-
potassium-insulin infusion, showed no significant clini-
cal benefit. More recently, the INSULINFARCT trial 
[44] showed that the brain infarcts intensively treated 
with insulin were larger than the infarcts treated with 
the usual dose of subcutaneous insulin. However, 
hyperglycemia was not required for inclusion in this 
study.

With a recommendation class IIA (moderate) and a 
level of evidence C-LD (limited data), current guide-
lines [45] consider reasonable to treat hyperglycemia 
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to keep it in the range of 140–180 mg/dl (so treatment 
would only be recommended for glucose levels higher 
than 180  mg/dl), closely monitoring blood glucose to 
avoid hypoglycemia.

Previous studies on the subject
In the early 90s some small studies denied the impor-
tance of “stress hyperglycemia” as a worsening factor 
in acute stroke [1–3]. In a larger study, Roquer et  al. 
[4] in 2015 came to the conclusion that “the relation-
ship between hyperglycemia and poor outcome reflects 
stress response, rather than a deleterious effect of glu-
cose”. More recently, in 790 patients with ischemic 
stroke Tziomalos et  al. [5] found that stress hypergly-
cemia was associated with mortality and disability only 
when the analysis was not adjusted for NIHSS score.

On the contrary, many other studies have suggested 
a direct unfavorable effect of stress hyperglycemia on 
stroke outcomes. In 1997, in 750 non-diabetic patients 
with acute stroke, Weir et  al. [6] found that “raised 
plasma glucose predicts a poor prognosis after correct-
ing for age, stroke severity and stroke subtype, which 
is therefore unlikely to be solely a stress response and 
should arguably be treated actively”. In recent years, 
numerous studies mainly from Chinese authors have 
stressed the importance of using the blood glucose/gly-
cated hemoglobin ratio as an indicator of stress hyper-
glycemia (SHR) [7–13]. In particular, stroke patients 
were divided into quartiles according to SHR [7–10]: 
after correction for various possible confounding fac-
tors (not including, however, cerebral lesion size), the 
patients in the high quartile had a worse outcome than 
those in the low quartile.

Limitations
The main limitation of this study stems from its retro-
spective nature, although a large sample like ours would 
have hardly been achieved in a prospective study. How-
ever, an ad hoc prospective study, with seriate glycemic 
measurements, would have allowed to precisely define 
the glycemic curves, with maximum values and dura-
tions, while in this study it was only possible to evaluate 
the fasting blood glucose at a specific time (the morn-
ing after admission).

In addition, the lack of glycated hemoglobin meas-
urements in non-hyperglycemic non-diabetic patients 
does not allow us to exclude that some non-hypergly-
cemic diabetic patients may have been incorrectly clas-
sified in Group 0. However, any such errors would have 
been diluted in the large number of Group 0 patients.

Unfortunately, the most relevant group, Group 1, was 
also the smallest group of this study, despite the large 
total number of strokes considered. However, this did 
not prevent highly significant differences, compared 
to the other groups, from being obtained, in line with 
what is known from literature data.

Finally, due to the lack of glycated hemoglobin in 
group 0 we could not use the blood glucose/glycated 
hemoglobin ratio [7–10] as an indicator of stress hyper-
glycemia. However, the division of the sample into the 
four groups defined by the presence/absence of diabe-
tes and the presence/absence of hyperglycemia might 
provide more useful information than the division of 
the sample into four quartiles according to blood glu-
cose/glycated hemoglobin ratio.

Conclusions
This study has confirmed that, among acute stroke 
patients, the hyperglycemic non-diabetic ones have the 
worst prognosis. However, this group was not indepen-
dently associated with disability and mortality if stroke 
severity, cerebral lesion size and acute phase markers 
were simultaneously accounted for. Only decompensated 
diabetic patients had a poor prognosis independently 
of these factors. Overall, hyperglycemia in non-diabetic 
patients appears to be mainly an epiphenomenon of most 
severe strokes, and for this reason its aggressive treat-
ment might not be necessary.

Abbreviations
CLD: Cerebral lesion diameter; CRP: C-reactive protein; HbA1c: Glycated 
hemoglobin; HDL: High density lipoprotein; LACS: Lacunar syndrome; mRS: 
Modified Rankin scale; NIHSS: National Institutes of Health Stroke Scale; OCSP: 
Oxfordshire Community Stroke Project; PACS: Partial anterior circulation syn-
drome; POCS: Posterior circulation syndrome; TACS: Total anterior circulation 
syndrome; TOAST: Trial of Org 10172 in Acute Stroke Treatment.

Acknowledgements
Not applicable.

Author contributions
AM: study design; data analysis and interpretation; drafting manuscript. RF: 
study concept and design; clinical data acquisition and interpretation. GR: 
clinical data acquisition and interpretation. LF: radiological data acquisition 
and interpretation. PF: data analysis and interpretation; revising manuscript. 
MPT: radiological data acquisition and interpretation. GMP: clinical data 
acquisition and interpretation. LS: radiological data acquisition and interpreta-
tion. MZ: study concept and design; revising manuscript. All authors read and 
approved the final manuscript.

Funding
This research did not receive any specific grant from funding agencies in the 
public, commercial, or not-for-profit sectors.

Data availability
The data that support the findings of this study are available from the cor-
responding author upon reasonable request.



Page 10 of 11Muscari et al. Diabetology & Metabolic Syndrome          (2022) 14:126 

Declarations

Ethics approval and consent to participate
The study protocol was approved by our Hospital-University Ethics Committee 
(Area Vasta Emilia Centro-AVEC). Because this was a retrospective study includ-
ing many patients deceased after the stroke, an informed consent could not 
be obtained. However, at the time of hospitalization patients were informed 
that their data could be used for research purposes.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Stroke Unit, Medical Department of Continuity of Care and Disability, IRCCS 
Azienda Ospedaliero-Universitaria di Bologna, Bologna, Italy. 2 Department 
of Medical and Surgical Sciences, University of Bologna, Via Massarenti, 9, 
40138 Bologna, Italy. 3 Diagnostic and Interventional Neuroradiology Unit, 
IRCCS Azienda Ospedaliero-Universitaria di Bologna, Bologna, Italy. 

Received: 15 June 2022   Accepted: 17 August 2022

References
	1.	 Woo J, Lam CW, Kay R, Wong AH, Teoh R, Nicholls MG. The influence of 

hyperglycemia and diabetes mellitus on immediate and 3-month mor-
bidity and mortality after acute stroke. Arch Neurol. 1990;47:1174–7.

	2.	 Cazzato G, Zorzon M, Masè G, Iona LG. Hyperglycemia at ischemic stroke 
onset as prognostic factor. Ital J Neurol Sci. 1991;12:283–8.

	3.	 Tracey F, Crawford VL, Lawson JT, Buchanan KD, Stout RW. Hyperglycae-
mia and mortality from acute stroke. Q J Med. 1993;86:439–46.

	4.	 Roquer J, Giralt-Steinhauer E, Cerdà G, Rodríguez-Campello A, Cuadrado-
Godia E, Jiménez-Conde J, Vivanco-Hidalgo RM, Soriano C, Dégano IR, 
Ois A. Glycated hemoglobin value combined with initial glucose levels 
for evaluating mortality risk in patients with ischemic stroke. Cerebrovasc 
Dis. 2015;40:244–50.

	5.	 Tziomalos K, Dimitriou P, Bouziana SD, Spanou M, Kostaki S, Angelopou-
lou SM, Papadopoulou M, Giampatzis V, Savopoulos C, Hatzitolios AI. 
Stress hyperglycemia and acute ischemic stroke in-hospital outcome. 
Metabolism. 2017;67:99–105.

	6.	 Weir CJ, Murray GD, Dyker AG, Lees KR. Is hyperglycaemia an independ-
ent predictor of poor outcome after acute stroke? Results of a long-term 
follow up study. BMJ. 1997;314:1303–6.

	7.	 Pan Y, Cai X, Jing J, Meng X, Li H, Wang Y, Zhao X, Liu L, Wang D, Johnston 
SC, Wei T, Wang Y, CHANCE Investigators. Stress hyperglycemia and 
prognosis of minor ischemic stroke and transient ischemic attack: the 
CHANCE study (Clopidogrel in High-Risk Patients With Acute Nondisa-
bling Cerebrovascular Events). Stroke. 2017;48:3006–11.

	8.	 Zhu B, Pan Y, Jing J, Meng X, Zhao X, Liu L, Wang Y, Wang Y, Wang Z. 
Stress hyperglycemia and outcome of non-diabetic patients after acute 
ischemic stroke. Front Neurol. 2019;10:1003. https://​doi.​org/​10.​3389/​
fneur.​2019.​01003.

	9.	 Li J, Quan K, Wang Y, Zhao X, Li Z, Pan Y, Li H, Liu L, Wang Y. Effect of 
stress hyperglycemia on neurological deficit and mortality in the 
acute ischemic stroke people with and without diabetes. Front Neurol. 
2020;11:576895. https://​doi.​org/​10.​3389/​fneur.​2020.​576895.

	10.	 Merlino G, Smeralda C, Gigli GL, Lorenzut S, Pez S, Surcinelli A, Marini 
A, Valente M. Stress hyperglycemia is predictive of worse outcome in 
patients with acute ischemic stroke undergoing intravenous thromboly-
sis. J Thromb Thrombolysis. 2021;51:789–97.

	11.	 Yang CJ, Liao WI, Wang JC, Tsai CL, Lee JT, Peng GS, Lee CH, Hsu CW, Tsai 
SH. Usefulness of glycated hemoglobin A1c-based adjusted glycemic 
variables in diabetic patients presenting with acute ischemic stroke. Am J 
Emerg Med. 2017;35:1240–6.

	12.	 Chen X, Liu Z, Miao J, Zheng W, Yang Q, Ye X, Zhuang X, Peng 
F. High stress hyperglycemia ratio predicts poor outcome after 

mechanical thrombectomy for ischemic stroke. J Stroke Cerebrovasc Dis. 
2019;28:1668–73.

	13.	 Ngiam JN, Cheong CWS, Leow AST, Wei YT, Thet JKX, Lee IYS, Sia CH, Tan 
BYQ, Khoo CM, Sharma VK, Yeo LLL. Stress hyperglycaemia is associated 
with poor functional outcomes in patients with acute ischaemic stroke 
after intravenous thrombolysis. QJM. 2020. https://​doi.​org/​10.​1093/​
qjmed/​hcaa2​53.

	14.	 Capes SE, Hunt D, Malmberg K, Pathak P, Gerstein HC. Stress hypergly-
cemia and prognosis of stroke in nondiabetic and diabetic patients: a 
systematic overview. Stroke. 2001;32:2426–32.

	15.	 Harada S, Fujita-Hamabe W, Tokuyama S. Ischemic stroke and glucose 
intolerance: a review of the evidence and exploration of novel therapeu-
tic targets. J Pharmacol Sci. 2012;118:1–13.

	16.	 Li WA, Moore-Langston S, Chakraborty T, Rafols JA, Conti AC, Ding 
Y. Hyperglycemia in stroke and possible treatments. Neurol Res. 
2013;35:479–91.

	17.	 American Diabetes Association. 2. Classification and diagnosis of 
diabetes: standards of medical care in diabetes-2021. Diabetes Care. 
2021;44(Suppl 1):S15–33.

	18.	 International Expert Committee. International Expert Committee report 
on the role of the A1C assay in the diagnosis of diabetes. Diabetes Care. 
2009;32:1327–34.

	19.	 Adams HP Jr, Bendixen BH, Kappelle LJ, Biller J, Love BB, Gordon DL, Marsh 
EE 3rd. Classification of subtype of acute ischemic stroke. Definitions for 
use in a multicenter clinical trial. TOAST. Trial of Org 10172 in Acute Stroke 
Treatment. Stroke. 1993;24:35–41.

	20.	 Bamford J, Sandercock P, Dennis M, Burn J, Warlow C. Classification and 
natural history of clinically identifiable subtypes of cerebral infarction. 
Lancet. 1991;337:1521–6.

	21.	 Lyden P, Lu M, Jackson C, Marler J, Kothari R, Brott T, Zivin J. Underlying 
structure of the National Institutes of Health Stroke Scale: results of a fac-
tor analysis. NINDS tPA Stroke Trial Investigators. Stroke. 1999;30:2347–54.

	22.	 Rankin J. Cerebral vascular accidents in patients over the age of 60. II. 
Prognosis. Scott Med J. 1957;2:200–15.

	23.	 SPREAD—Stroke Prevention and Educational Awareness Diffusion—cer-
ebral stroke: Italian Guidelines—VII Edition—Milan 2012. http://​www.​iso-​
spread.​it/​index.​php?​azione=​volum​e&​azion​ec=3. Accessed 27 July 2022.

	24.	 Fiorelli M, Bastianello S, von Kummer R, del Zoppo GJ, Larrue V, Lesaffre E, 
Ringleb AP, Lorenzano S, Manelfe C, Bozzao L. Hemorrhagic transforma-
tion within 36 hours of a cerebral infarct: relationships with early clinical 
deterioration and 3-month outcome in the European Cooperative Acute 
Stroke Study I (ECASS I) cohort. Stroke. 1999;30:2280–4.

	25.	 Vancheri F, Curcio M, Burgio A, Salvaggio S, Gruttadauria G, Lunetta 
MC, Dovico R, Alletto M. Impaired glucose metabolism in patients 
with acute stroke and no previous diagnosis of diabetes mellitus. QJM. 
2005;98:871–8.

	26.	 Kes VB, Solter VV, Supanc V, Demarin V. Impact of hyperglycemia on 
ischemic stroke mortality in diabetic and non-diabetic patients. Ann 
Saudi Med. 2007;27:352–5.

	27.	 Wang Q, Tang XN, Yenari MA. The inflammatory response in stroke. J 
Neuroimmunol. 2007;184:53–68.

	28.	 Hotamisligil GS, Budavari A, Murray D, Spiegelman BM. Reduced tyrosine 
kinase activity of the insulin receptor in obesity-diabetes. Central role of 
tumor necrosis factor-alpha. J Clin Invest. 1994;94:1543–9.

	29.	 Cheung AT, Ree D, Kolls JK, Fuselier J, Coy DH, Bryer-Ash M. An in vivo 
model for elucidation of the mechanism of tumor necrosis factor-alpha 
(TNF-alpha)-induced insulin resistance: evidence for differential regula-
tion of insulin signaling by TNF-alpha. Endocrinology. 1998;139:4928–35.

	30.	 Lorenzo M, Fernández-Veledo S, Vila-Bedmar R, Garcia-Guerra L, De 
Alvaro C, Nieto-Vazquez I. Insulin resistance induced by tumor necrosis 
factor-alpha in myocytes and brown adipocytes. J Anim Sci. 2008;86(14 
Suppl):E94–104.

	31.	 Lehrke M, Broedl UC, Biller-Friedmann IM, Vogeser M, Henschel V, Nassau 
K, Göke B, Kilger E, Parhofer KG. Serum concentrations of cortisol, inter-
leukin 6, leptin and adiponectin predict stress induced insulin resistance 
in acute inflammatory reactions. Crit Care. 2008;12:R157. https://​doi.​org/​
10.​1186/​cc7152.

	32.	 Arcambal A, Taïlé J, Rondeau P, Viranaïcken W, Meilhac O, Gonthier MP. 
Hyperglycemia modulates redox, inflammatory and vasoactive markers 
through specific signaling pathways in cerebral endothelial cells: insights 
on insulin protective action. Free Radic Biol Med. 2019;130:59–70.

https://doi.org/10.3389/fneur.2019.01003
https://doi.org/10.3389/fneur.2019.01003
https://doi.org/10.3389/fneur.2020.576895
https://doi.org/10.1093/qjmed/hcaa253
https://doi.org/10.1093/qjmed/hcaa253
http://www.iso-spread.it/index.php?azione=volume&azionec=3
http://www.iso-spread.it/index.php?azione=volume&azionec=3
https://doi.org/10.1186/cc7152
https://doi.org/10.1186/cc7152


Page 11 of 11Muscari et al. Diabetology & Metabolic Syndrome          (2022) 14:126 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	33.	 Perkins JM, Joy NG, Tate DB, Davis SN. Acute effects of hyperinsulinemia 
and hyperglycemia on vascular inflammatory biomarkers and endothelial 
function in overweight and obese humans. Am J Physiol Endocrinol 
Metab. 2015;309:E168–76.

	34.	 Chaudhuri A, Umpierrez GE. Oxidative stress and inflammation in 
hyperglycemic crises and resolution with insulin: implications for the 
acute and chronic complications of hyperglycemia. J Diabetes Complicat. 
2012;26:257–8.

	35.	 Rom S, Zuluaga-Ramirez V, Gajghate S, Seliga A, Winfield M, Heldt NA, 
Kolpakov MA, Bashkirova YV, Sabri AK, Persidsky Y. Hyperglycemia-driven 
neuroinflammation compromises BBB leading to memory loss in both 
Diabetes Mellitus (DM) Type 1 and Type 2 Mouse Models. Mol Neurobiol. 
2019;56:1883–96.

	36.	 Yuan C, Chen S, Ruan Y, Liu Y, Cheng H, Zeng Y, Chen Y, Cheng Q, Huang 
G, He W, He J. The stress hyperglycemia ratio is associated with hemor-
rhagic transformation in patients with acute ischemic stroke. Clin Interv 
Aging. 2021;16:431–42.

	37.	 Muscari A, Faccioli L, Lega MV, Lorusso A, Masetti M, Pastore Trossello M, 
Puddu GM, Spinardi L, Zoli M. Predicting hemorrhagic transformation 
and its timing from maximum cerebral lesion diameter in nonlacunar 
ischemic strokes. Brain Behav. 2020;10:e01497. https://​doi.​org/​10.​1002/​
brb3.​1497.

	38.	 Pinto A, Tuttolomondo A, Di Raimondo D, Fernandez P, Licata G. Risk fac-
tors profile and clinical outcome of ischemic stroke patients admitted in 
a Department of Internal Medicine and classified by TOAST classification. 
Int Angiol. 2006;25:261–7.

	39.	 van Kooten F, Hoogerbrugge N, Naarding P, Koudstaal PJ. Hypergly-
cemia in the acute phase of stroke is not caused by stress. Stroke. 
1993;24:1129–32.

	40.	 Gentile NT, Seftchick MW, Huynh T, Kruus LK, Gaughan J. Decreased 
mortality by normalizing blood glucose after acute ischemic stroke. Acad 
Emerg Med. 2006;13:174–80.

	41.	 Baird TA, Parsons MW, Phan T, Butcher KS, Desmond PM, Tress BM, Colman 
PG, Chambers BR, Davis SM. Persistent poststroke hyperglycemia is inde-
pendently associated with infarct expansion and worse clinical outcome. 
Stroke. 2003;34:2208–14.

	42.	 Quinn TJ, Lees KR. Hyperglycaemia in acute stroke–to treat or not to treat. 
Cerebrovasc Dis. 2009;27(Suppl 1):148–55.

	43.	 Gray CS, Hildreth AJ, Sandercock PA, O’Connell JE, Johnston DE, Cartlidge 
NE, Bamford JM, James OF, Alberti KG, GIST Trialists Collaboration. 
Glucose-potassium-insulin infusions in the management of post-stroke 
hyperglycaemia: the UK Glucose Insulin in Stroke Trial (GIST-UK). Lancet 
Neurol. 2007;6:397–406.

	44.	 Rosso C, Corvol JC, Pires C, Crozier S, Attal Y, Jacqueminet S, Deltour S, 
Multlu G, Leger A, Meresse I, Payan C, Dormont D, Samson Y. Intensive 
versus subcutaneous insulin in patients with hyperacute stroke: results 
from the randomized INSULINFARCT trial. Stroke. 2012;43:2343–9.

	45.	 Powers WJ, Rabinstein AA, Ackerson T, Adeoye OM, Bambakidis NC, 
Becker K, Biller J, Brown M, Demaerschalk BM, Hoh B, Jauch EC, Kidwell 
CS, Leslie-Mazwi TM, Ovbiagele B, Scott PA, Sheth KN, Southerland AM, 
Summers DV, Tirschwell DL. Guidelines for the early management of 
patients with acute ischemic stroke: 2019 update to the 2018 guidelines 
for the early management of acute ischemic stroke: a guideline for 
healthcare professionals from the American Heart Association/American 
Stroke Association. Stroke. 2019;50:e344–418.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1002/brb3.1497
https://doi.org/10.1002/brb3.1497

	Prognostic significance of diabetes and stress hyperglycemia in acute stroke patients
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Materials and methods
	Patients
	Laboratory and instrumental variables
	Statistical analysis

	Results
	General characteristics of the 4 groups of stroke patients
	Stroke severity indicators and acute phase markers
	Stroke outcomes
	Multivariate analysis of main outcomes
	Relationships among blood glucose, indicators of stroke severity and markers of inflammation in non-diabetic patients

	Discussion
	What is the real contribution of hyperglycemia to the various outcomes in non-diabetic patients?
	What causes hyperglycemia in Group 1?
	Is it important to normalize stress hyperglycemia in stroke patients?
	Previous studies on the subject
	Limitations

	Conclusions
	Acknowledgements
	References




