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Abstract

Objective: Our aim was to compare the clinical characteristics including risk factors,
comorbidities, short-term outcome and long-term mortality in acute ischemic stroke
patients with or without diabetes mellitus. Methods: This study includes all consecutive
patients with acute ischemic stroke admitted to the Stroke Unit, Department of Neurology,
Haukeland University Hospital between February 2006 and January 2012. The National
Institute of Health Stroke Scale (NIHSS) was used to assess stroke severity on admission.
Short-term outcome was determined by the modified Rankin scale (mRS), NIHSS, and
Barthel index on day 7 after stroke onset. First emergency readmission < 12 months after
discharge was registered. Survival state was obtained by consulting the official population
registry. Results: In total, 1867 patients of which 283 (15%) patients had diabetes mellitus.
Relative frequency of diabetes mellitus according to age showed and inverse U-shape with
highest frequency at 75-80 years for males, whereas the frequency was independent of age
among females. More males than females had diabetes mellitus. Patients with diabetes
mellitus more often had myocardial infarction, angina pectoris, hypertension (all P<.001),
and higher total risk factor burden (P<.001). Patients with diabetes mellitus had worse
short-term outcome (P<0.001) and long-term mortality was increased. Patients with
diabetes mellitus had more frequent first emergency readmission within 90 days (P=0.044).
Conclusions: Stroke patients with diabetes mellitus have significantly more traditional risk
factors. Short-term outcome and long-term mortality were worse. Relative frequencies of
diabetes mellitus and age differed between males and females.
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Introduction

Stroke and diabetes mellitus (DM) are two
of the leading causes of death worldwide.
The prevalence of stroke in adult patients
with DM is high and the risk of death is
about twice that of people of similar age
without DM (Department of Health and
Human Services, 2011). DM increases the
risk of stroke by two to six times and may
be complicated by retinopathy, Kkidney
disease and peripheral neuropathy, and
increases the risk of atherosclerosis and
cardiovascular diseases (CVD)(Department
of Health and Human Services,
2011).Approximately 30% of stroke
patients have DM (Reeves et al., 2010) and
16% of patients with DM have stroke
(Department of Health and Human
Services, 2011).

The combination of stroke and DM is
associated with worse stroke-related
outcome, high disability and stroke
recurrence (Reeves et al,, 2010), (Jia et al,,
2011). Approximately 20% of patients with
DM die from stroke (Phipps et al,, 2012).
Our aim was to compare the clinical
characteristics, including risk factors,
comorbidities, complications, short-term
outcome and long-term mortality in cohort
of acute ischemic stroke patients with and
without DM in Western Norway. We
hypothesized that patients with DM have
more risk factors (other than diabetes
mellitus), worse neurological deficits on
admission and worse short-term outcome
in a Stroke unit with relatively high
frequency of thrombolytic treatment.

Methods

All  consecutive patients with acute
ischemic stroke (the index stroke)
admitted to the Stroke Unit, Department of
Neurology, Haukeland University Hospital
between February 2006 and January 2012
were prospectively registered in a database
(The Bergen NORSTROKE Registry).
Cerebral infarction was defined in
accordance with the Baltimore-Washington
Cooperative Young Stroke Study Criteria
comprising neurological deficits lasting
more than 24 hours because of ischemic
lesions or transient ischemic attacks where
computed tomography (CT) or magnetic

resonance  imaging (MRI)  showed
infarctions related to the clinical findings
(Rohr et al,, 1996). The National Institute of
Health Stroke Scale (NIHSS) was used to
assess stroke severity on admission. Short-
term outcome was defined by the modified
Rankin scale (mRS) score on day 7 or at
discharge, if discharged earlier.
Leucoaraiosis was defined as presence of
hypodense abnormalities surrounding the
ventricles and in the deep white matter on
MRI.

Work-up included ECG, Holter monitoring,
duplex sonography of neck vessels, ecco
cardiography and blood sample taken on
admission. Body Mass Index (BMI) was
calculated.

Isolated acute ischemic lesions on CT or
MRI were defined as lacunar infarctions
(LI) if <1.5cm and located subcortical or in
the brainstem (Wessels et al, 2006). All
other acute ischemic lesions were defined
as none-lacunar infarction (NLI). NLI
comprised subcortical and brainstem
infarction =>1.5cm, cortical infarction,
mixed cortical and subcortical infarction
and cerebellar infarction.

DM was considered present if diagnosed
before the index stroke (patient on glucose-
lowering diet or medication) or during
hospital stay (fasting plasma glucose >7.7
mmol/L). Current smoking was defined as
smoking at least one cigarette per day.
Hypertension was considered present if
was diagnosed by a physician (previous
diagnosis, current treatment, or values
2160/95 mm Hg). Atrial fibrillation was
considered present if there was history of
chronic or paroxysmal atrial fibrillation
confirmed by at least 1 ECG any time prior
to stroke onset, or presence of atrial
fibrillation during hospitalization.

Angina pectoris, myocardial infarction and
peripheral artery disease were considered
present if diagnosed by a physician any
time before stroke onset or during hospital
stay. Aetiology was determined by the Trial
of Org 10172 in Acute Stroke Treatment
classification (TOAST) and classified as
large-artery atherosclerosis, cardio-
embolism, small vessel disease, other, and
unknown (Adams et al, 1993). Clinical
classification was based on the Oxford
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Community Stroke Project classification
(OCSP) scale which includes lacunar
syndrome  (LACS), partial anterior
circulation syndrome (PACS), total anterior
circulation syndrome (TACS) and posterior
circulation syndrome (POCS) (Bamford et
al, 1991). OCSP has good inter-observer
reliability (Lindley et al., 1993). A variable
representing the sum of traditional risk
factors (prior myocardial infarction, angina
pectoris, peripheral artery disease,
hypertension, = smoking and  atrial
fibrillation) =~ was  generated. Tissue
plasminogen activator ( tPA) was
administered to eligible patients according
to the SITS protocol (Wahlgren et al,
2007). In addition, tPA was administered in
the 3-4.5 hour time-window and to patients
>80 years based on a case by case
evaluation. First emergency re-admission
within one year after discharge was
registered from the patient’s medical chart.
Early readmission was defined as
readmission <90 days after discharge.
Survival state was obtained by consulting
the official population registry. The study
was approved by the local Ethics
committee.

Statistics

Chi-square, students t-test, Mann-
Whitney’s tests were used when
appropriate. Logistic regression analyses
with mRS scores 0-2 versus 3-6 as
dependent variable were performed to
analyze factors associated with short-term
outcome. Logistic regression analyses with
DM versus non-DM as dependent variable
were performed to study risk factors
associated with DM. Cox regression
analyses were performed for long-term
survival among patients alive 30 days after
stroke onset. STATA 11.0 (Statacorp 4905
Lakeway Drive, College Station, Texas
77845 USA) was used for analyses.

Results

Of 1867 patients with acute ischemic
stroke, 283 (15%) patients had DM. The
number of patients with undiagnosed DM
prior to admission was 24 (1.3%). Table 1
shows the demography of stroke patients
with and without DM. More males than
females had DM (P=.014) and patients with
DM were older (P=.015) and had more
often prior cerebral infarction (P=.014). In
total, 44 (16%) with diabetes mellitus and
267 (17%) without diabetes mellitus
received thrombolysis (P=.58).

Table 1: Demography of acute ischemic stroke patients with and without diabetes

Diabetes mellitus | No diabetes mellitus

Total 283 (15) 1584 (85)

Male 179 (63) 878 (55) .014
Female 104 (37) 706 (45)

Age 72.6 (12.6) 70.3 (15.2) .015
Prior cerebral infarction 57 (20) 228 (15) .014
Prior cerebral hemorrhage 7 (2.5) 18 (1.1) .07
Prior TIA 29 (10) 121 (8) 14
Prior myocardial infarction 64 (23) 202 (13) <.001
Prior angina pectoris 73 (26) 175 (11) <.001
Prior peripheral atherosclerosis 30 (11) 104 (7) .014
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Diabetes mellitus | No diabetes mellitus P
Prior hypertension 199 (71) 757 (48) <.001
Atrial fibrillation 92 (33) 435 (27) .08
Migraine 29 (14) 236 (21) .036
Prior depression 49 (24) 246 (21) 41
Never smoker 101 (38) 626 (42) .001
Stopped smoking 112 (42) 463 (31)
Smoking 52 (20) 404 (27)
Home nursing 40 (14) 173 (11) 31
Married 158 (57) 887 (57) .93
Employed 42 (15) 441 (29) <.001

mellitusNumbers are presented as n (%) unless specified; TIA = transient ischemic attack

Table 2: Clinical features of acute ischemic stroke patients with and without diabetes

mellitus

Diabetes mellitus | No diabetes mellitus | P
NIHSS on admission, median (IQR) 4 (2-10) 4 (1-8) .06
Modified Rankin score median (IQR) 2(1-4) 2(1-4) <.001
Systolic blood pressure on admission 168 (30) 164 (36) 14
Modified Rankin score, mean 2.6 (1.7) 2.2 (1.6) <.001
30 days mortality 25 (8.8) 117 (7.4) 40
OCSP .59
LACS 57 (20) 369 (23)
TACS 54 (19) 268 (17)
PACS 117 (41) 630 (40)
POCS 54 (19) 313 (20)
TOAST
Athersclerosis 43 (15) 181 (11) .07
Cardiac embolism 92 (33) 510 (32) 92
Small vessel disease 35(12) 203 (13) .84
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Diabetes mellitus | No diabetes mellitus P

Other 2(.7) 48 (3)

Unknown 110 (39) 639 (40) .64

Numbers are presented as n (%) unless
specified; NIHSS = National Institutes of
Health Stroke Scale; OCSP = Oxford
Community Stroke Project classification;
LACS =lacunar syndrome; PACS = partial

anterior circulation syndrome; TACS = total
anterior circulation syndrome; POCS =
posterior circulation syndrome; TOAST =
Trial of Org 10172 in Acute Stroke
Treatment

Table 3: In-hospital complications in acute ischemic stroke patients with and without

diabetes mellitus

Diabetes mellitus No diabetes mellitus P
Urinary retention 103 (36) 433 (27) .002
Urinary incontinence 50 (21) 211 (16) .09
Myocardial infarction 7 (2.5) 24 (1.5) 25
Recurrent cerebral infarction 1(.4) 7 (4) .83
Stroke in progression (NIHSS>=4) 38 (19) 201 (18) .60
Pneumonia 37 (13) 142 (9) .03
Urinary tract infection 46 (16) 211 (13) .19
Epileptic seizures 15 (5) 42 (2.7) 017

Numbers are presented as n (%) unless specified; NIHSS = National Institutes of Health Stroke

Scale

Table 4: Imaging and blood analyses in acute ischemic stroke patients with and without

diabetes mellitus

Diabetes mellitus No diabetes mellitus P
Embolic infarction on MRI 163 (76) 922 (75) 71
Lacunar infarction on MRI 51 (24) 308 (25)
Leucoaraiosis on MRI 101 (45) 548 (43) .66
Blood analyses on admission
Glucose 9.6 (4.1) 6.3 (1.5) <.001
CRP 12.5(29) 11.3 (28) .54
Creatinine 89 (44) 83 (30) .002
D-dimer 1.5(2.8) 1.5 (2.7) 93
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Diabetes mellitus No diabetes mellitus P
Fibrinogen 4.0 (1.1) 3.8(1.7) .09
Cholesterol 49 (1.4) 5.5(1.3) <.001
Thrombolysis 44 (16) 267 (17) .58

Numbers are presented as n (%) unless specified; MRI = magnetic resonance imaging

Patients with DM had more traditional risk
factors including hypertension, myocardial
infarction and angina pectoris than
patients without DM (1.8 versus 1.3,
P<.001). DM was the only known risk factor
for acute ischemic stroke in 4.7% of the
patients with DM. Smoking and cholesterol
level were significant lower in DM patients
(P=<.001) whereas creatinine was higher
(P=.002). Statin prior to stroke onset was
used by 46% with DM and 22% without
DM (P<.001). The most common
cardiovascular risk factor for both groups
was hypertension. Patients with DM had
significantly higher rates of myocardial
infarction, angina pectoris, and
hypertension (all P<.001), peripheral
atherosclerosis (P=.014) and migraine (P=
.036). There was a weak correlation
between BMI and DM (r=.14, P<.001).

The frequency of wurinary retention
(P=.002), pneumonia (P=.03), epileptic
seizures (P=.017) in hospital were higher
in the DM group.

There was a trend to more atherosclerosis
according to TOAST criteria among
patients with DM (P=.07). No differences
were found in the distributions of OCSP
subtypes.

Logistic regression with mRS score 0-2
versus 3-6 at day 7 as dependent variable
showed that wunfavorable functional
outcome (mRS 3-6) was associated with
DM after adjusting for confounders (Table
5). Including glucose level on admission as
independent variable showed that glucose
was associated with unfavorable outcome
(OR=1.10, P=.001) whereas DM was no
longer associated with outcome (P=.65).
Logistic regression with or without DM as
dependent variables showed that DM was
associated with being male, not smoking,
prior myocardial infarction, hypertension
and more severe stroke (Table 6). There
was no association between length of
hospital stay and DM (P=.59).

Table 5: Logistic regression based on knowledge on admission with mRS score 3-6

versus 0-2 as dependent variable

Odds ratio | Confidence interval P
Sex .82 .64-1.06 A2
Age 1.04 1.03-1.05 <.001
NIHSS score on admission 1.30 1.26-1.34 <.001
Diabetes mellitus 1.56 1.12-2.2 .008

mRS = modified Rankin score; NIHSS = National Institutes of Health Stroke Scale
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Table 6: Logistic regression with diabetes mellitus versus not diabetes mellitus as

dependent variable
0dds ratio Confidence interval P
Male 1.7 1.2-2.2 .001
Age 1.0 .99-1.01 .58
Myocardial infarction 1.7 1.2-2.4 .002
Hypertension 2.5 1.9-3.4 <.001
Modified Rankin score 1.2 1.06-1.3 .001
Smoking 7 .5-.95 .02

Among 30 days survivors, DM was
associated with long term mortality
(hazard ratio 1.5, P=.007) after adjusting
for sex, age and NIHSS score on admission.
In total, 47% of DM patients and 36%
without DM patients experienced at least
one emergency readmission <1 year after
discharge (P=0.010). Early readmission
(<90 days) was more frequent among
patients with DM (24% versus 18%,

P=0.044) whereas there was no difference
as to readmission 90-365 days after
discharge (P=0.12). At 3 months after
stroke onset 38 (13.4%) of the patients
with DM had died compared to 155 (9.8%)
non-DM patients (P=.06).

Figures 1 and 2 show the relative
frequencies of DM in males and females
according to age.
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Figure 1. Frequency of female with diabetes mellitus related to age
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Figure 2. Frequency of male with diabetes mellitus related to age

Discussion of the relation between smoking and

Our study comprises a comprehensive
comparison between ischemic stroke
patients with and without diabetes
mellitus. One important finding was that
although diabetes mellitus was more
frequent among old patients, assessing the
sexes separately disclosed important
differences. Among males the relative
frequencies of diabetes mellitus increased
with increasing age up to about 75-80
years and then declined. By contrast,
among females the relative frequency of
diabetes mellitus was constant irrespective
of age interval. Other studies have
disclosed conflicting results, finding that
patients with diabetes mellitus are older
(Megherbi et al, 2003) (Jorgensen et al,
1994), younger (Kissela et al., 2005) or no
differences according to age
(Karapanayiotides et al., 2004) (Zhang et
al,, 2012a).

Our study shows that patients with
diabetes mellitus have more traditional
risk factors than patients without diabetes
mellitus. Thus, prior hypertension,
myocardial infarction, angina pectoris and
cerebral infarction analysed separately
were significantly more frequent in the
diabetes mellitus group. These results are
compatible to findings in other studies
(Reeves et al,, 2010) (Harriott et al., 2013).

Smoking was significantly less frequent
among patient with diabetes mellitus, even
when adjusting for age. It is likely that
patients with diabetes mellitus are less
prone to smoking because they are aware

diabetic complications. One study found no
differences in  smoking frequencies
between stroke patients with and without
diabetes mellitus (Megherbi et al, 2003),
but another study found frequencies in
agreement with our study (Giorda et al,
2007). We have recently shown that
recurrent vascular events and long term
mortality are highly associated with the
number of traditional risk factors in
patients with cerebral infarction (Gjerde
and Naess, 2013),(Putaala et al., 2010). Our
study shows that the risk factor burden
(other than diabetes mellitus) is especially
high among patients with DM and cerebral
infarction. This underlines the need for
aggressive secondary preventive treatment
among patients with diabetes mellitus.
Physical activity, low fat, low carbohydrate
diet, weight loss, moderation of alcohol,
careful monitoring of diabetes,
hypertension and others risk factors will
reduce the severity and recurrence of
stroke and improve quality of life
(American Diabetes, 2012),(Hewitt et al,,
2012).

There was no significant difference as to
stroke severity on admission between
patients with and without diabetes
mellitus. However, short-term outcome as
measured by the mRS was significantly
worse among patients with diabetes
mellitus even after adjusting for
confounding factors including stroke
severity on admission. A possible
explanation is that ischemic brain tissue is
more vulnerable in patients with diabetes
mellitus. Including glucose on admission in
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the multivariate analysis showed that short
term-outcome was  associated  with
hyperglycemia whereas now diabetes
mellitus was no longer associated with
outcome. This is in line with other studies
that found hyperglycemia is associated
with poor outcome (Bruno et al., 1999).
Hyperglycemia on admission is an
important determinant of infarct volume
expansion, even in patients with good
collateral circulation (Kimura et al,
2011),(Shimoyama et al, 2013).
Hyperglycemia induces progressive
cerebrovascular changes during ischemia
and affects hemodynamic recovery after
reperfusion (Kawai et al, 1997). Others
have reported that females with diabetes
mellitus have poor prognosis (Arboix et al.,
2006)

We found no differences in the
distributions of ischemic stroke subtype
based on the OCSP classification. This is
also consistent with another study (Kiers et
al, 1992). However, others have reported
an association between diabetes and
posterior circulation infarctions
(Karapanayiotides et al, 2004) and/or
lacunar infarctions (Megherbi et al,
2003),(Lees and Walters, 2005). Others
have found that lacunar infarctions have
better functional prognosis than embolic
infarction among patients with diabetes
mellitus (Arboix et al., 2001). It remains an
open question whether diabetes mellitus
causes small vessel disease or not.

We found that patients with diabetes
mellitus had more complications than
patients without diabetes mellitus during
the hospital stay. Urinary retention,
pneumonia and epileptic seizures were
significantly more frequent among our
patients with diabetes mellitus. Urinary
retention was found as high as 44% in
another study (Kong and Young, 2000). The
authors suggested diabetic cystopathy as
cause, and they believed retention to be a
transient phenomenon that should be
followed by postvoid residual screening in
all patients immediately after stroke (Kong
and Young, 2000). Another study reported
high frequency of pneumonia in older
patients with stroke and diabetes (30%).
Older age, higher NIHSS on admission and

dysphagia may predict the occurrence of
pneumonia on stroke onset (Zhang et al,
2012b). Hyperglycemia may be a
significant factor that induces epileptic
seizures in some patients (Arboix A, 1996),
(Azra Alajbegovic, 2002). We found that
patients with ischemic stroke and diabetes
mellitus had higher frequencies of first
emergency readmission, which is
supported by another study (Sun and Toh,
2009). Main diagnoses for patients
readmitted within 3 months were cardio-
vascular disorders, stroke related causes
and infections.

Diabetes mellitus was not associated with
mortality within the first 30 days after
stroke onset among our patients. By
contrast, another study found increased
early mortality in patients with stroke and
diabetes mellitus (Kiers et al., 1992). We
found that among 30 days survivors long
term mortality was associated with
diabetes mellitus after adjusting for
confounders. Another large study found
that diabetic patients did not have
significantly higher mortality rate at 60
days and 1 year after stroke onset, but long
term mortality was higher among stroke
patients with diabetes mellitus (Kamalesh
etal, 2008).

One of the strengths of this study is the
inclusion of patients living in a well-defined
geographical region. Admission threshold
is low for patients with possible acute
stroke. This indicates that few cases
escaped our attention. Another of the
strengths of this study is access to the
mortality data from the official population
registry. All deaths in Norway are reported.
A limitation of the study is that the cause of
death was unknown. Another limitation is
that we do not know the functional
outcome 3 months after stroke onset.

Conclusion

Patients with diabetes mellitus and
cerebral infarction have poorer short-term
functional outcome, more complications,
more early readmissions and higher long-
term mortality than patients with cerebral
infarction and without diabetes mellitus.
Relative frequencies of diabetes mellitus
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and age differed between males and
females.
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