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Abstract
Background: Hyperglycemia is a risk factor for infarct expansion and poor outcome for both diabetic and nondiabetic patients. We aimed to study the prognostic value of stress hyperglycemia on the outcome of acute
ischemic stroke patients as regards National Institutes of Health Stroke Scale (NIHSS) as a primary outcome.
Results: Patients with high random blood sugar (RBS) on admission showed significantly higher values of both
median NIHSS score and median duration of hospital stay. There were significant associations between stress
hyperglycemia and the risk of 30-day mortality (p < 0.001), the need for mechanical ventilation (p < 0.001) and
vasopressors (p < 0.001), and the occurrence of hemorrhagic transformation (p = 0.001). The 24-h RBS levels at a cut
off > 145 mg/dl showed a significantly good discrimination power for 30-day mortality (area under the curve =
0.809).
Conclusions: Stress hyperglycemia had a prognostic value and was associated with less-favorable outcomes of
acute stroke patients. Therefore, early glycemic control is recommended for those patients.
Keywords: Acute ischemic stroke, Hyperglycemia, Mortality, NIHSS

Background
Diabetes mellitus is a known risk factor for stroke.
Diabetic patients are more likely to die or to have substantial neurologic disability after acute stroke compared
to non-diabetic subjects (Candelise et al. 1985; Jorgensen
et al. 1994). However, hyperglycemia per se is associated
with increased morbidity and mortality in stroke patients
(Umpierrez et al. 2002). Hyperglycemia has been documented in a considerably large number of patients admitted to hospitals (Heuschmann et al. 2004).
Additionally, 20 to 40% of patients admitted with ischemic stroke had been found hyperglycemic, usually
without a previous diabetes mellitus (Kiers et al. 1992).
Research studies suggest that the relative risk of death in

hyperglycemic non-diabetic stroke patients is increased
by 3.3% and is associated with poor outcome (Bruno
et al. 1999; Capes et al. 2001). Stress hyperglycemia has
been shown to influence prognosis and outcome of
stroke (Talukder et al. 2018). Conclusions about how
hyperglycemia affects outcomes are not consistent. This
is because of the heterogeneous nature of previous studies as regards definition of hyperglycemia and timing of
measurement, besides the retrospective design in most
of them (Muir et al. 2011). Therefore, the objective of
this study was to prospectively assess the prognostic
value of stress hyperglycemia on the outcome of acute
ischemic stroke patients as regards National Institutes of
Health Stroke Scale (NIHSS) as a primary outcome.
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Methods
Study design, setting, and date

This prospective observational cohort study was conducted at a Specialized Hospital from June 2018 to
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September 2019 on 80 patients with acute ischemic
stroke (without other major comorbidities) within 24 h
of onset of symptoms. The study was ethically conducted in accordance with Declaration of Helsinki, and
we obtained ethical approval of our local ethics committee. An informed written consent was obtained from
each patient or his first kin. The study was registered at
ClinicalTrial.gov (registry number: NCT04408768).
Eligibility criteria

The study recruited patients of either gender, aged 40 to
70 years old, and with acute ischemic stroke within 24 h
of onset of symptoms.
We excluded patients with any of the following: other
potential differential diagnoses (such as subdural
hematoma, transient ischemic attack, subarachnoid
hemorrhage, hemorrhagic stroke); major comorbidities
(e.g., end-stage liver and renal disease, malignant hypertension); hyperglycemia on admission that was controlled (random blood sugar (RBS) < 150 mg/dl) within
24 h with insulin therapy, diabetic ketoacidosis; or RBS
less than 70 mg/dl on admission.
Data collection

All patients were subjected to full history taking and scoring according to the National Institutes of Health Stroke
Scale (NIHSS). It is a 15-item neurologic examination
stroke scale that provides an assessment of the stroke severity, both on admission and on discharge. It is a wellvalidated tool to evaluate the neurologic deficit in acute
stroke patients. The NIHSS includes the following domains: level of consciousness, eye movements, integrity of
visual fields, facial movements, arm and leg muscle
strength, sensation, coordination, language, speech, and
neglect. The total score ranges from 0 to 42. It is
categorized into the following: no stroke symptoms (0),
mild (1–4), moderate (5–15), moderate to severe (16–20),
and severe (21–42) stroke (Kwah and Diong 2014).
In addition, patients received the standard protocol for
management of stroke patients, which included
computed tomography brain imaging with or without
magnetic resonance imaging, carotid duplex, HbA1C,
ECG, and serial measurements of random blood glucose
levels during hospital stay either hourly if patients were
on insulin infusion or every 4 h in patients with normal
RBS. Patients were assessed and followed up for
hemodynamics, respiratory parameters, hemorrhagic
transformation, the length of hospital stay, 30-day mortality, the need for mechanical ventilation, and the need
for vasopressors to maintain the mean arterial blood
pressure between 70 and 100 mmHg.
On intensive care unit (ICU) admission, RBS was recorded and categorized as either normal (70–150 mg/dl)
or high (more than 150 mg/dl). Patients were categorized
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into 2 groups: group A (with normal RBS on ICU admission and controlled blood sugar within 24 h) and group
B (with high RBS on ICU admission and uncontrolled
blood sugar during first 24 h). Both groups received the
standard protocol for management of stroke patients.
Outcomes and sample size calculation

Based on Al-Weshahy et al. (Al-Weshahy et al. 2018)
and using PASS program, setting alpha error at 5%, and
power of 80%, the total sample size was estimated to be
80 cases.
The NIHSS was used as a primary outcome; 40 cases
were recruited in each group. Secondary outcomes were
hemorrhagic transformation, hospital stay duration,
mechanical ventilation, need for vasopressors, and 30day mortality.
Statistical analysis

Statistical analysis and presentation of data was conducted using SPSS (Statistical Package for the Social
Sciences) version 22 computer program. Categorical variables were summarized as frequencies and percentages,
and association between variables was tested using Χ2
tests (Pearson’s chi-square for independence or Fisher’s
exact tests as appropriate). Numerical variables were
checked for normality by Shapiro Wilk test. Normally
distributed data were presented as mean ± standard
deviation and were compared by independent T test.
Skewed data with non-normal distribution were
expressed as median and interquartile range (25th–75th
percentile), and differences between the two groups were
tested using Mann-Whitney U test. In addition, receiver
operating characteristic curves were constructed to
assess discriminating power (area under the curve),
sensitivity, specificity, and accuracy of 24-h RBS levels in
predicting 30-day mortality. Prognostic performance of
24-h RBS levels in predicting mortality was adjusted for
age and severity (variables with p value < 0.1 in the univariate analysis and had an impact on mortality) by
using a multivariable logistic regression analysis. A p
value of < 0.05 was considered statistically significant.

Results
This study included eighty acute ischemic stroke patients who presented within 24 h of onset of symptoms.
The patients were recruited so as 40 patients had normal
(70–150 mg/dl) RBS on ICU admission and controlled
blood sugar within 24 h (group A), while the other 40
patients had high RBS on ICU admission and uncontrolled blood sugar during first 24 h (group B).
Baseline characters of the studied groups were illustrated in Table 1. There was homogenous gender distribution in both groups, whereas the mean age of patients
in group B was significantly higher than group B (66.8 ±
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Table 1 Baseline characters of the studied groups
P value

Groups

Gender

Age (years)
BMI kg/m2

NIHSS on admission

RBS on admission (mg/dl)

RBS after 24 h (mg/dl)

A (normal RBS)
N = 40

B (high RBS)
N = 40
22

Female

N

19
47.5%

55%

Male

N

21

18

52.5%

45%

Mean

56.3

66.8

SD

6.5

3.3

Mean

23.8

23.5

SD

1.5

1.6

Median

2.5

34.0

IQR

2.0–9.0

26.0–39.5

Mean rank

26.40

54.60

Mean

123.0

237.6

SD

7.9

33.6

Mean

127.6

250.6

SD

8.8

53.0

0.654

< 0.001*

0.420

< 0.001*

< 0.001*

< 0.001*

RBS random blood sugar, BMI body mass index, NIHSS National Institutes of Health Stroke Scale, SD standard deviation, IQR interquartile range
*Significant at p < 0.05

3.3 and 56.3 ± 6.5, respectively; p < 0.001). The median
NIHSS score on ICU admission was significantly higher
in group B (34.0) compared to group A (2.5).
Additionally, the mean RBS levels at admission and
after 24 h were significantly higher in group B in comparison with group A (p < 0.001).
Table 2 shows absence of significant differences between the studied groups as regards comorbidities

including diabetes mellitus, hypertension, ischemic heart
disease, atrial fibrillation, smoking, old cardiovascular
stroke, or transient ischemic attacks.
Table 3 shows the primary and secondary outcomes of
the studied groups. Patients with high RBS showed
significantly higher values of both median NIHSS score
on discharge and median duration of hospital stay
compared to those with normal RBS (2.0 vs 1.0 and 15.0

Table 2 Comorbidities in the studied groups
P
value

Groups
A (normal RBS)
N = 40
Diabetes mellitus

Hypertension

Ischemic heart disease

Atrial fibrillation

Smoking

Old CVS or TIA

HA1c

B (high RBS)
N = 40

N

%

N

%

No

16

40.0%

15

37.5%

Yes

24

60.0%

25

62.5%

No

12

30.0%

12

30.0%

Yes

28

70.0%

28

70.0%

No

36

90.0%

37

92.5%

Yes

4

10.0%

3

7.5%

No

38

95.0%

36

90.0%

Yes

2

5.0%

4

10.0%

No

32

80.0%

31

77.5%

Yes

8

20.0%

9

22.5%

No

37

92.5%

36

90.0%

Yes

3

7.5%

4

10.0%

Mean ± SD

6.81 ± 0.53

RBS random blood sugar, TIA transient ischemic attack, SD standard deviation

6.80 ± 0.56

0.818

1.00

0.50

0.338

0.785

0.50

0.886
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Table 3 Comparison of the studied groups as regards primary and secondary outcomes
P value

Groups

NIHSS on discharge

Hospital stay (days)

A (normal RBS)
N = 40

B (high RBS)
N = 40

Median

1.0

2.0

IQR

1.0–1.0

1.0–2.0

Mean rank

17.39

27.33

Median

10.0

15.0

IQR

7.0–13.0

11.5–21.0

Mean rank
Mortality

No

Yes

Mechanical ventilation

No

Yes

Vasopressor need

No

Yes

Hemorrhagic transformation

No

Yes

N

31.08

49.92

29

10

%

72.5%

25%

N

11

30

%

27.5%

75%

N

28

7

%

70.0%

17.5%

N

12

33

%

30.0%

82.5%

N

27

6

%

67.5%

15.0%

N

13

34

%

32.5%

85.0%

N

37

28

%

92.5%

70.0%

N

3

12

%

7.5%

30.0%

0.039*

< 0.001*

< 0.001*

< 0.001*

< 0.001*

0.001*

RBS random blood sugar, IQR interquartile range, NIHSS National Institutes of Health Stroke Scale
*Significant at p < 0.05

vs 10.0, respectively). There were significant associations
between hyperglycemia and the risk of 30-day mortality
(p < 0.001), the need for mechanical ventilation (p <
0.001) and vasopressors (p < 0.001), and the occurrence
of hemorrhagic transformation (p = 0.001). Significantly
higher percentage (75%) of patients in group B were
expired, needed mechanical ventilation (82.5%) and
vasopressors (85.0%), and showed hemorrhagic transformation of the infarct (30.0%).
Receiver operating characteristics curve and univariate
regression analysis revealed that 24-h RBS levels at a cut
off > 145 mg/dl showed a significant good discrimination
power for 30-day mortality (AUC = 0.809), correctly
classified mortality by accuracy of 80.0%, and it carried a
risk (odds ratio) for mortality of 1.023 as demonstrated
in Table 4 and Fig. 1.

After adjustment for age and severity (NIHSS) by
multivariable logistic regression analysis, the 24-h RBS
levels’ risk (adjusted odds ratio) for 30-day mortality
was 1.20. Moreover, the whole model showed excellent power of discrimination (AUC = 1) and accuracy
of 100% (Table 5).

Discussion
This study explored that stress hyperglycemia encountered within the first 24 h of ischemic stroke onset
reflected stroke severity and was associated with adverse
clinical outcomes in the form of increased risk of 30-day
mortality, prolonged duration of hospital stay, and
increased need for mechanical ventilation as well as
vasopressors. Additionally, patients with hyperglycemia

Table 4 Prognostic performance of 24 h random blood sugar levels for mortality prediction
24-h RBS

Cutoff

Sensitivity %

Specificity %

AUC

95% CI

Accuracy %

Odds ratio

95% CI

P value

> 145

79.07

83.78

0.809

0.705 to 0.888

80.0

1.0223

1.0120 to 1.0328

< 0.001*

RBS random blood sugar, AUC area under curve, CI confidence interval
*Significant at p < 0.05
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Fig. 1 Receiver operation characteristics curve analysis for mortality
prediction by 24-h random blood sugar levels

exhibited more liability to hemorrhagic transformation
of the infarct.
Hyperglycemia detected in the acute stroke phase—regardless the presence of diabetes mellitus—reflects a
physiological stress and is a manifestation of relative insulin deficiency, which is related to increased lipolysis
(Piironen et al. 2012a). In addition, hyperglycemia in
stroke patients may result from an interaction between
several hormones including glucagon, cortisol, cytokines,
and growth hormone, which play a crucial role in blood
glucose regulation (Yang et al. 2013).
Several mechanisms have been identified by which
hyperglycemia could increase brain damage in ischemic
stroke and thereby result in unfavorable outcomes.
These include endothelial dysfunction, impaired
fibrinolysis (MacDougall and Muir 2011), and increased
tendency of red blood cells to form microaggregates
(Lemkes et al. 2010). Moreover, hyperglycemia might
result in a number of cellular derangements including
loss of the blood-brain barrier integrity, increase of excitatory neurotransmitters production, enhancement of
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anaerobic glycolysis, and induction of oxidative stress.
Persistent or poorly controlled hyperglycemia has been
shown to reduce cerebral blood flow, increase intracranial pressure, and cause cerebral edema and neuronal
death (Bar-Or et al. 2019).
An earlier large study recruited 811 consecutive patients
with acute ischemic stroke. The study aimed at predicting
unfavorable outcomes and 72-h and 7-day fatality. The researchers concluded that admission hyperglycemia was
strongly associated with 72-h fatality (Nardi et al. 2012).
Furthermore, hyperglycemia within the first 48 h was independently associated with higher mortality and poor
functional outcome, with an absolute increase of 12.9%
(Muir et al. 2011). Further strong evidence for the association of high glucose levels and deleterious effects during
the acute phase of stroke has been concluded where blood
glucose level was an independent predictor of larger infarct size, poor clinical outcome, and higher risk of mortality (Piironen et al. 2012b). Recently, random blood
sugar obtained on admission had been found to be an independent predictor of in-hospital mortality in stroke patients (Atam et al. 2020).
Concerning the length of hospital stay, a prospective
cohort study on ischemic stroke patients reported the
impact of hyperglycemia on the duration of hospital stay
where hyperglycemia was an independent predictor of
prolonged hospitalization (Gofir et al. 2017). This agrees
with the current study where patients with high RBS
showed significantly higher duration of hospital stay
compared to those with normal RBS. Recently, Hossain
et al. (Hossain et al. 2020) reported that stroke patients
with better glycemic control had significantly lower
length of stay compared to those with higher admission
blood sugars.
Increased risk of hemorrhagic transformation of the
infarct was another adverse effect of hyperglycemia in
this study. In agreement with this finding, Bruno et al.
(Bruno et al. 2010) showed that hyperglycemia played a
role in causing brain edema, increasing the risk of
hemorrhagic transformation and brain herniation within
the first 48 h of acute stroke.
In the present study, 24-h RBS levels carried a significant risk for 30-day mortality. Furthermore, at a cut off
> 145 mg/dl, it showed a significant good power for discriminating patients at increased risk with an accuracy

Table 5 Multivariate logistic regression analysis for mortality prediction based on 24-h random blood sugar levels after adjusting for
age and severity
24-h RBS

AUC

95% CI

Accuracy %

Adjusted odds ratio

P value

1.0

0.955 to 1.000

100.0

1.20

< 0.001*

Age

22.42

NIHSS

126.24

RBS random blood sugar, AUC area under curve, CI confidence interval, NIHSS National Institutes of Health Stroke Scale
*Significant at p < 0.05
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of 80.0%. In comparison, Farrokhnia et al. (Farrokhnia
et al. 2005) found that 30-day mortality could be predicted in stroke, non-diabetic patients at blood glucose
levels above 113 mg/dl. Another study reported that admission hyperglycemia ≥ 143 mg/dl was a strong predictor for 72-h fatality, especially in patients with no
prior history of diabetes mellitus (Nardi et al. 2012). It is
important to note that management of hyperglycemia is
critical and cautious correction of glucose level is essential to avoid hypoglycemia, all of which can be damaging
to the brain and affect the patient outcomes (Gaillard
and Miller 2018). The selected 24 h RBS levels for prognostic purposes in this study agrees with Baird and colleagues (Baird et al. 2003) who reported that this time
point is better than admission RBS levels in predicting
outcome of ischemic stroke patients. Additionally, it has
been stated that most cases of hyperglycemia appear
throughout the first 24 h after stroke and only a low
percentage of patients with sustained hyperglycemia
show high RBS on admission (Yong and Kaste 2008).
However, a continuous glucose monitoring in acute
stroke revealed that blood glucose more than 8 mmol/L
of during the initial 72 h were associated with death
(Soriano-Tárraga et al. 2018).
The current study revealed a significant difference in
the mean age of the studied groups. An earlier cohort
study of predictors of mortality showed that age was associated with increased in-hospital mortality among
acute ischemic stroke patients (Oliveira et al. 2019).
Likewise, severity as assessed by NIHSS has been previously shown as an independent predictor of mortality
(Wada et al. 2018). Therefore, multivariable logistic regression analysis was performed to show prognostic performance of 24-h RBS in predicting 30-day mortality
after adjusting for age and severity. This revealed a
model that could predict mortality with 100% accuracy,
and the risk of 24-h RBS level was 1.20. A comparable
study which included ischemic stroke patients and
assessed blood glucose at the second day after admission
concluded that stress hyperglycemia was not directly related to outcome of acute ischemic stroke where predictors of mortality included atrial fibrillation, diastolic
blood pressure, age, and NIHSS at admission (Tziomalos
et al. 2017).

Conclusion
Findings of the present study demonstrate significant
deleterious effects of stress hyperglycemia on outcomes
of patients with acute ischemic stroke. High random
blood sugar levels obtained 24 h after the onset of stroke
were associated with increased risk of 30-day mortality,
prolonged duration of hospital stay, increased need for
mechanical ventilation and vasopressors, and more
liability to hemorrhagic transformation of the infarct. This
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emphasizes the importance of adequate glycemic control
during acute phase of ischemic stroke.
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