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Abstract

Objective To determine if differences in outcome exist
between diabetic and non-diabetic patients who present to
the Emergency Department (ED) with acute ischemic stoke
(AIS) and elevated blood glucose.

Methods The study population consisted of 447 consec-
utive patients who presented to the ED with AIS within
24 h of symptom onset and had blood glucose measured on
presentation. Hyperglycemia was defined as >130 mg/dl.
Outcomes studied included infarct volume, stroke severity
(NIH Stroke Scale), functional impairment (modified
Rankin Score), and 90-day mortality. Patients with hyper-
glycemia were then stratified into those with and without a
prior history of diabetes mellitus (DM) for the purposes of
analysis.
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Results Patients with hyperglycemia exhibited signifi-
cantly greater stroke severity (P = 0.002) and greater
functional impairment (P = 0.004) than those with nor-
moglycemia. Patients with hyperglycemia were 2.3 times
more likely to be dead at 90 days compared to those with
normal glucose (P < 0.001). Stroke severity (P < 0.001)
and functional impairment (P < 0.001) were both signifi-
cantly worse in patients with hyperglycemia and no prior
history of DM, when compared to patients with hypergly-
cemia and previously diagnosed DM. Among the patients
without a prior history of DM, patients with hyperglyce-
mia were 3.4 times more likely to die within 90 days
(P < 0.001) when compared with patients with normogly-
cemia. In contrast, the hazard ratio was 1.6 among the
patients with DM (P = 0.66).

Conclusion Hyperglycemia on presentation is associated
with significantly poorer outcomes following AIS. Patients
with hyperglycemia and no prior history of DM have a
particularly poor prognosis, worse than that for patients
with known diabetes and hyperglycemia.
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Introduction

Increasing interest has focused on the role of hyperglyce-
mia in the evolution of acute ischemic stoke (AIS). The
role of chronic hyperglycemia in the etiology of stroke is
well established. Diabetes mellitus (DM) is an independent
risk factor for ischemic stroke, increasing stroke risk by
two to threefold. It also confers poor prognosis following
stroke, associated with increased mortality and poor func-
tional recovery [1, 2].
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In this study we sought to determine if having elevated
serum glucose at the time of initial stroke presentation
results in worse outcomes. We further sought to evaluate
the impact of hyperglycemia at presentation in those with
and without a prior diagnosis of DM.

Methods

This study was conducted in the Emergency Department
(ED) of an academic medical center with an annual ED
census of approximately 77,000. The initial study popula-
tion consisted of 681 consecutive patients who presented to
the ED with acute ischemic stroke between December 2001
and March 2004. Among these 681 patients, 19 denied
research authorization and were therefore excluded from
further study in accordance with Minnesota Statute
144.335, leaving a total of 662 patients. Of the 662
patients, 480 presented within the first 24 h of onset. Of
these 480, 447 had a blood glucose measurement done in
the ED, and this comprises the final study cohort.

The medical records for all patients were reviewed and
details of clinical history, laboratory results, demographic
information, risk factor profile, neurological examination,
brain-imaging studies, and other diagnostic studies were
abstracted. Independent variables included hyperglycemia
at admission and a prior diagnosis of DM. Hyperglycemia
was defined as a random (non-fasting) serum glucose of
130 mg/dl or greater, consistent with the cutoff used in
prior studies [3, 4]. Dependent variables included infarct
volume, stroke severity, functional impairment, and death
at 90-days.

Infarct volume was measured using the General Electric
Medical Systems Advantage Windows workstation and the
associated version 4.2 software to measure the areas of
interest on the diffusion weighted MRI scans. Images were
acquired on a 1.5 Tesla GE Signa scanner. Total volume of
the infarct was measured by an algorithmic approach
incorporating and adding effective mapped out areas on all
MR slices depicting the infarct.

Stroke severity was determined using the National
Institutes of Health Stroke Scale (NIHSS) which was cal-
culated by a certified physician, based on the previously
validated methods [5, 6]. The scoring was derived from
documentation of the neurological examination performed
by the neurologist at the time of ED presentation. A log-
arithmic transformation was applied to the values to obtain
a more normal distribution based on visual inspection of
histograms and normal probability plots.

Ischemic stroke subtype was assigned based on the
review of clinical history, neurological examination, and
diagnostic studies in accordance with criteria outlined in
the TOAST study [7].

Functional outcome was measured by the modified
Rankin Scale (mRS) [8] and a poor Rankin was defined as
3 or greater. Associations between hyperglycemia and poor
functional status at hospital discharge (mRS) were evalu-
ated by fitting logistic regression models. The strength of
the associations was summarized by calculating odds ratios
(OR) and corresponding 95% confidence intervals (CI).

Death at 90 days was ascertained using the date of the
last service or dismissal available from registration dat-
abases. In addition, dates and causes of death were
established from the State of Minnesota Electronic Death
Certificate Data. Autopsy reports were also reviewed where
available. For the outcome of death at 90 days only, the
cohort was limited to those who resided in the local county
or the surrounding nine-county area at the time of the ED
visit in order to assure recent and consistent follow-up
(n = 381). Since not all patients had at least 90 days of
follow-up, survival was estimated using the Kaplan—-Meier
method [9] to take into account the varying length of fol-
low-up. For patients who died within 90 days, the duration
of follow-up was calculated from the date of the ED
admittance to the date of death. The duration of follow-up
for all remaining patients was censored at the date of last
follow-up if within 90 days, or at 91 days. Cox propor-
tional hazards models were fit to evaluate associations with
survival. These associations were summarized by calcu-
lating hazard ratios (HR) and corresponding 95% Cls.

Results

Demographics of the study cohort is summarized in
Table 1. A total of 153 patients (34.2%) had blood glucose
>130 mg/dl on presentation. This hyperglycemic group
was noted to have significantly greater stroke severity
(P = 0.002); other parameters such as stroke subtype and
volume of infarct were not significantly different from the
normoglycemic group (Table 2). Interestingly, this asso-
ciation of hyperglycemia with stroke severity is only noted
in those without a prior diagnosis of DM (P < 0.001),
while in the diabetic subgroup, there is no statistically
significant association (P = 0.086). Furthermore, there is a
significantly higher frequency of cardioembolic strokes in
non-diabetics with hyperglycemia (P = 0.005) (Table 3).

There were 381 patients in the survival analysis. Sev-
enty-nine deaths occurred in the first 90 days. Overall,
patients with hyperglycemia at presentation were signifi-
cantly more likely to be dead at 90 days (HR = 2.3, 95%
CI 1.5-3.6, P < 0.001). Even after adjusting for the major
confounders of age and stroke severity, AIS patients with
hyperglycemia at presentation were 1.8 times more likely
to die within 90 days (95% CI 1.1-2.9, P = 0.012).
Looking at the subgroup without the history of DM,
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Table 1 Baseline demographic information

Summary of the 480 patients

Sex
M 262 (54.6%)
Age (years)
Mean (SD) 73.2 (13.6)
Range 25.0-101.0
TOAST
1. Large vessel 92 (19.2%)
2. Cardiembolic 159 (33.1%)
3. Small vessel 68 (14.2%)
4. Other 18 (3.8%)
5. Multiple causes 36 (7.5%)
6. No. causes identified 55 (11.5%)
7. Insuffucient info 52 (10.8%)
NIHSS (N = 469)
Mean (SD) 8.6 (8.5)
Median 5.0

patients with hyperglycemia were 3.4 times more likely to
die within 90 days (95% CI 2.1-5.8, P < 0.001) when
compared with patients with normoglycemia (Fig. 1). This
association persisted after adjusting for age and NIHSS
(HR =2.0, 95% CI 1.1-3.3, P =0.004). In contrast,
there was no statistically significant association between
hyperglycemia and death among the patients with DM
(HR = 1.6, 95% CI 0.5-5.0, P = 0.66).

When the outcome of functional impairment (mRS) was
assessed overall, it appeared that those with normoglyce-
mia did worse (poor mRS = 53.7% [normoglycemic] vs.
39.5% [hyperglycemic], P = 0.004). As this is counterin-
tuitive, we searched for effect modification. Indeed, there is
an interaction effect between DM and elevated glucose, in
that the relationship between elevated glucose and Rankin
is different depending on whether or not the patients have
DM. In particular, among the patients without a history of
DM, patients with elevated glucose were more likely to
have a poor mRS (OR 3.6; 95% CI 2.0-6.5, P < 0.001),
whereas among the patients with a history of DM there was
no clear impact of hyperglycemia on poor functional out-
come (mRS) (OR = 0.7; 95% CI 0.3-1.5, P = 0.32).

Discussion

In this study we found that hyperglycemia at the time of
presentation to the ED with AIS conferred a worse prog-
nosis in unselected patients. This has been shown in
numerous previous studies [10] but debate continues as to
if it is a contributing factor to the more severe stroke or
merely a stress response to a larger infarct. In this study the

Table 2 Comparison of patients with versus without an elevated
glucose

Not elevated Elevated P-value
(N =294) (N = 153)
Sex 0.57*
F 137 (46.6%) 67 (43.8%)
M 157 (53.4%) 86 (56.2%)
Age (years)
Mean (SD) 72.9 (14.4) 74.9 (11.3) 0.15°
Glucose (mg/dl)
Mean (SD) 106.1 (14.2) 186.6 (69.0)
TOAST 0.099*
1. Large vessel 66 (22.4%) 19 (12.4%)
2. Cardiembolic 88 (29.9%) 58 (37.9%)
3. Small vessel 41 (13.9%) 20 (13.1%)
4. Other 13 (4.4%) 3 (2%)
5. Multiple causes 22 (7.5%) 13 (8.5%)
6. No. causes 34 (11.6%) 18 (11.8%)
identified
7. Insuffucient info 30 (10.2%) 22 (14.4%)
NIHSS 0.002¢
N 288 149
Mean (SD) 7.7 (7.5) 10.9 (10.2)
Median 5.0 6.0
Infarct volume (mm?) 0.96°
N 138 58
Mean (SD) 22,935 (46,373) 24,233 (44,565)
Median 5,949 4,768

4 Pearson Chi-square test
® f-test

¢ Wilcoxon Rank sum test

group with hyperglycemia had significantly more severe
strokes (higher NIHSS), and the association with increased
risk of death persisted after adjustment for age and sever-
ity. The volume of infarct did not differ, and was neither a
confounder nor an effect modifier. The regression model
results were similar whether volume was included or not.
This would suggest that the hyperglycemia does in fact
contribute in some way to the worsening of the initial
infarct, irrespective of volume, and severity.

The overwhelming majority of basic science research
supports the theory that elevated blood glucose at the time
of infarction worsens the ultimate outcome [11-13].
Numerous animal studies have examined this and have
postulated mechanisms as to how hyperglycemia may be
toxic to the brain tissue and in particular the vulnerable
ischemic penumbra. Theories include the accumulation of
lactic acid due to anaerobic metabolism, enhanced gluta-
mate release, and increased cerebral edema among others
[14—-16]. More recently work has been done to demonstrate
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Table 3 Comparison of diabetic and non-diabetic patients with versus without an elevated glucose

NML glucose No Elevated glucose No NML glucose Elevated glucose P-value
DM (N = 254) DM (N = 78) DM (N = 40) DM (N = 75)
Sex
F 121 (47.6%) 35 (44.9%) 16 (40%) 32 (42.7%)
M 133 (52.4%) 43 (55.1%) 24 (60%) 43 (57.3%)
Age (years)
Mean (SD) 72.4 (14.9) 76.2 (12.0) 75.7 (10.5) 73.5 (10)
Glucose (mg/dl)
Mean (SD) 106.6 (12.8) 165.2 (43.1) 103.3 (20.9) 208.8 (82.8)
TOAST 0.005 No DM
0.89 DM*
1. Large vessel 57 (22.4%) 7 (9%) 9 (22.5%) 12 (16%)
2. Cardiembolic 74 (29.1%) 34 (43.6%) 14 (35%) 24 (32%)
3. Small vessel 33 (13%) 5 (6.4%) 8 (20%) 15 (20%)
4. Other 13 (5.1%) 1 (1.3%) 0 (0%) 2 (2.7%)
5. Multiple causes 20 (7.9%) 7 (9%) 2 (5%) 6 (8%)
6. No. causes identified 30 (11.8%) 8 (10.3%) 4 (10%) 10 (13.3%)
7. Insuffucient info 27 (10.6%) 16 (20.5%) 3 (7.5%) 6 (8%)
NIHSS <0.001 No DM
0.086 DM®
N 248 74 40 75
Mean (SD) 7.4 (7.32) 14.4 (11.12) 9.4 (8.48) 7.5 (7.78)
Median 4.5 10.5 6.0 4.0
Infarct volume (mm®) 0.14 No DM
0.61 DM®
N 119 23 19 35
Mean (SD) 21,827.4 (43,234.8) 37,288.1 (57,955.2) 29,875.5 (63,671.4)  15,653.8 (31,066.5)
Median 5,923.0 13,552.5 6,090.0 3,280.0
Glycosylated Hb. (HbAlc) (%) 0.007 No DM
0.015 DM

N
Median
IQR

47
55
5.3-6.0

20
6.0
5.7-6.8

30
7.5
6.2-8.9

60
8.2
7.3-9.1

* Chi-square test
® Wilcoxon Rank sum test

the effect of hyperglycemia on the ischemic penumbra in
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Fig. 1 Kaplan—Meier curves depicting survival among diabetics and
non-diabetics with and without hyperglycemia at ED presentation for

AIS

humans. Parsons et al. [17] using MRI and magnetic res-
onance spectroscopy, established that hyperglycemia in
patients with acute perfusion—diffusion mismatch was
correlated with reduced salvage of mismatched tissue,
greater final infarct size, and worse functional outcome.
In our study we further subdivided our patients and
found that it is only the patients with hyperglycemia and no
prior known history of DM that have a worse prognosis.
Capes et al. [18] had similar findings in a meta-analysis of

32 cohort studies. In non-diabetic patients the relative risk

of in-hospital or 30-day mortality in those with admission
glucose of over 126 mg/dl was increased threefold com-

pared to non-diabetic patients with normal serum glucose.
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Interestingly, among diabetic patients admission hyper-
glycemia was not associated with a significantly higher
short-term mortality. One explanation is that the patients
with hyperglycemia at presentation may have impaired
glucose metabolism or undiagnosed DM. However in order
to decipher whether undiagnosed diabetes was at play,
when we reviewed the glycosylated hemoglobin (HbAlc)
levels in our cohort, we found that patients with hyper-
glycemia and no known history of DM had a median
HbAlc of 6.0% which is under the abnormal cutoff of
7.0%, suggesting that the hyperglycemia at stroke presen-
tation was likely not due to underlying, albeit undiagnosed
diabetes.

Another explanation for Capes et al. findings and ours
could be that pre-conditioning by chronic exposure to
elevated blood sugar levels may offset adverse metabolic
effects, which may influence prognosis in non-diabetics.
Since diabetic patients have a higher baseline glucose level
we may need to use higher cutoff levels to detect stress
hyperglycemia in this population when compared with the
non-diabetic population. Finally, it is possible that certain
medications that diabetics are frequently prescribed such as
statins, antihypertensive, and antiplatelet agents may in
some way confer a protective effect.

In our study it is clear that elevated glucose levels at the
time of ED presentation lead to a higher short-term mor-
tality. We found this effect most marked in our non-
diabetic population. It is clear from recent literature that
hyperglycemia during acute stroke is not consistently
controlled. In one study of 253 patients with acute cerebral
infarction and admission hyperglycemia, 76% remained
hyperglycemic throughout their hospital stay and 40%
received no hypoglycemic drugs [19]. Whether treating
hyperglycemia in the acute phase of stroke beginning in the
ED improves outcome remains to be seen. Clinical trials
are currently underway evaluating the effect of achieving
euglycemia in the acute phase of ischemic stroke. Mean-
while, guidelines regarding the management of acute
ischemic stroke published by the American Stroke Asso-
ciation [20] and the European Stroke Initiative [21]
recommend gradual lowering of high blood glucose levels
with insulin infusion.

The limitations of the present study are those attribut-
able to historical cohort designs, in a single center located
in an area with low ethnic diversity with predominantly
Caucasian population.

Summary
In summary, we undertook a study of ED patients presenting

with acute ischemic stroke and find that hyperglycemia
on presentation is associated with significantly poorer

outcomes following acute ischemic stroke. Patients with
hyperglycemia but no prior history of DM have a particu-
larly poor prognosis, worse than that for patients with known
diabetes and hyperglycemia. Whether early intervention
with measures to aggressively control blood glucose levels
in these patients may favorably influence their clinical
course awaits clarification from randomized clinical trials.
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