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Background: The role of admission blood glucose level on the prognosis of patients with intracerebral
haemorrhage has not been elucidated.
Objective: To examine this association on the basis of an epidemiologically representative patient
material.
Methods: 249 500 people living in the catchment area of the Central Hospital of Central Finland. The
diagnosis of ICH was established if verified by cranial computed tomography (CT) or autopsy.
Results: Of the 416 patients who fulfilled the diagnostic criteria, 30 died before admission and 386 were
admitted to the Central Hospital. All 329 patients (290 nondiabetics and 39 diabetics) with both admission
blood glucose and cranial CT data were included in the study. The mean blood glucose level was
10.6 mmol/l for nondiabetics who died on the day of onset, 8.6 mmol/l for those dying during days 1 to
28, and 6.8 mmol/l for the 28 day survivors. The corresponding figures for diabetics were 13.9 mmol/l,
12.5 mmol/l, and 9.3 mmol/l. In both nondiabetics and diabetics, patients who died had significantly
higher mean glucose than the 28 day survivors (p,0.0001 versus p = 0.029). However, blood glucose of
the surviving diabetics was as high as that of the deceased nondiabetics (9.3 mmol/l versus 9.1 mmol/l).
In nondiabetics, admission blood glucose was associated with parameters signifying severe stroke;
disturbed consciousness, large haematoma volume and shift of cerebral midline structures, and high
admission mean arterial pressure. In logistic regression analysis, high admission blood glucose in
nondiabetics was a significant predictor of death during the first 28 days of onset (odds ratio 1.22, 95% CI
1.07 to 1.40).
Conclusions: High admission blood glucose predicts increased 28 day case fatality rate in both
nondiabetic and diabetic patients with ICH. Because high admission blood glucose was associated with
markers of severe stroke, we are inclined to support the stress theory; high admission blood glucose is the
result of a serious ICH.

H
yperglycaemia is often associated with acute stroke.
According to a recent overview, admission hypergly-
caemia in ischaemic stroke increases the risk of death

within 30 days in nondiabetic but not in diabetic patients.
After haemorrhagic stroke, regardless of diabetic status, no
such association was observed.1 Because this conclusion was
based on only few studies with a modest number of patients
it could easily be a false negative, and the relationship
between admission blood glucose level and the prognosis of
primary intracerebral haemorrhage (ICH) is far from solved.
The aim of this study was to shed light on this question by
analysing the short term case fatality of nondiabetics and
diabetics in an epidemiologically representative patient
cohort.

PATIENTS AND METHODS
We retrospectively collected data on all adult patients in the
population of 249 500 (1988 numbers) living in the
catchment area of the Central Hospital of Central Finland
who, during the period September 1985 to December 1991,
suffered from ICH. The patients were traced from the
discharge lists of the two hospitals and 18 health centres in
the area, from death certificates, and from medical and
medicolegal autopsy reports. A prerequisite for accepting ICH
as the cause of stroke was confirmation by cranial CT or
autopsy. Secondary ICH due to trauma or arterial aneurysm
rupture was not included. To exclude aneurysm rupture,
carotid angiogram was performed on most patients with
frontotemporal ICH in the vicinity of interhemispheric fissure
or Sylvian sulcus. During the years concerned, 416 patients

fulfilled these criteria. Thirty patients died before admission,
and of the 386 who were admitted to the Emergency
Department of the Central Hospital, 65 died soon after
admission on the day of stroke onset.
Admission blood glucose was measured in 347 patients,

345 had cranial CT, and the 329 patients with both
examinations were included in this study. Of them, 209
(64%) were admitted within 6 h, and 293 (89%) (24 h of
stroke onset. Blood samples for glucose measurement were
drawn in 83% of the patients within the first day, and in 91%
within two days of stroke onset, in 66% immediately after
admission and in 27% the next morning. CT was performed
in 92% of patients within 3 days of stroke onset. All CT films
were available for analysis which included measurement of
haematoma volume (ml) and lateral shift (mm) of cerebral
midline structures, evaluation of intraventricular or sub-
arachnoidal spread, and hydrocephalus. Haematoma volume
was measured by a planimetric computer program.2 Blood
pressure (BP) was measured on admission; in 94% within
48 h of stroke onset. Mean arterial pressure (MAP) was
calculated adding one third of the pulse pressure (systolic BP
minus diastolic BP) to the diastolic pressure.
The level of consciousness was graded as (a) alert; (b)

somnolent or disoriented; and (c) unconscious, whether or
not localising pain. The severity of hemiparesis was graded as
(a) no paresis; (b) mild to moderate paresis (decreased power

Abbreviations: BP, blood pressure; CT, computed tomography; ECG,
electrocardiographic; ICH, intracerebral haemorrhage; MAP, mean
arterial pressure
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but able to lift the limb against gravity); and (c) severe
paresis (unable to lift the limb against gravity, total
paralysis).
The following electrocardiographic (ECG) items were

coded; left ventricular hypertrophy, pathological Q wave,
atrial fibrillation, left bundle branch block, tachycardia.100/
min, bradycardia ,60/min, ST segment elevation.2.5 mm,
ST segment depression .1.0 mm, extrasystolia, and negative
T wave.
The history of earlier diseases and anticoagulant use

obtained from the patients and/or relatives was confirmed
by reviewing the previous medical records. Diabetes was
recorded in patients on insulin, oral hypoglycaemic drugs, or
on dietary restriction, and hypertension if antihypertensive
medication was prescribed. Previous cerebrovascular disease
included cerebral infarcts, subarachnoidal and intracerebral
haemorrhage, and nonspecified stroke.

Statistical methods
The results were analysed using Student’s t test, x2 test,
Spearman’s correlation, and forward stepwise (Wald) logistic
regression. All calculations were performed using SPSS
(version 10) software.
In logistic regression analysis the 28 day survival (dead

(28 days=1, alive .28 days=0) was the dependent vari-
able, and independent variables were those that, considered
individually, were significantly associated with the 28 day
survival (table 1); anticoagulant treatment, admission MAP,
vomiting, consciousness, hemiparesis, shift of cerebral

midline structures, blood glucose, and ECG items tachycar-
dia, extrasystoles, and negative T wave.
Consciousness was dichotomised as conscious (levels a+b),

and unconscious (c), and hemiparesis as no to moderate
paresis (a+b), and severe paresis (c). All CT variables were
highly significantly intercorrelated, thus, because of easy
accessibility, the lateral shift of cerebral midline structures
was chosen to represent the CT findings. MAP, blood glucose
and shift of midline structures were included as continuous,
the others as discrete variables.
Mean substitution was applied for the missing data. The

large number of deeply unconscious patients, in whom the
evaluation most often is impossible, explains the relatively
high proportion (12%) of missing data on hemiparesis.
Admission later than 48 hours of ICH onset explains the
6% of missing BP values. Two tailed p values were used, and
p,0.05 was considered statistically significant.

RESULTS
During the first 28 days after onset 127/329 (38.6%) patients
died: 121 from ICH, 3 from pulmonary embolism, and 3 from
myocardial infarction. The routine treatment did not include
active lowering of high blood glucose levels. Surgical
evacuation of the haematoma was performed on 23 patients.
The baseline characteristics of the patients, by 28 day

survival, are shown in table 1. Anticoagulant treatment, high
admission MAP, vomiting after stroke onset, disturbed
consciousness, severe hemiparesis, large haematoma
volume, and lateral shift of cerebral midline structures,

Table 1 Baseline characteristics of the 329 patients, by 28 day survival

Variable
Dead (28 days
(n = 127)

Alive .28 days
(n = 202) p value

Men 63/127 95/202 0.65
Age 68.1 (1.1) 66.5 (0.8) 0.21
Previous diseases

Hypertension 54/127 77/201 0.45
Coronary heart disease 23/127 39/201 0.77
Diabetes 18/127 21/202 0.30

Previous cerebrovascular disease 29/127 49/202 0.77
Anticoagulant treatment 22/126 20/201 0.048
Admission MAP (mmHg) 140.4 (2.1)* 128.0 (1.4)� ,0.0001
Vomiting after stroke onset 44/124 41/197 0.004
Consciousness

Alert 13 103
Somnolent/disoriented 42 85 ,0.0001
Unconscious/stereotypic or no
response to pain

72 13

Hemiparesis
No paresis 17 68
Mild to moderate hemiparesis 18 61 ,0.0001
Severe hemiparesis/hemiparalysis 55 70

Haematoma location
Supratentorial 110 175
Infratentorial 16 24 0.84
Intraventricular 1 3

CT findings
Haematoma volume, mean 58.9 (3.7) 24.9 (1.8) ,0.0001
Lateral shift (mm) of midline

structures
7.7 (0.5) 2.3 (0.2) ,0.0001

Intraventricular blood 98/127 80/202 ,0.0001
Subarachnoidal blood 47/127 12/202 ,0.0001
Hydrocephalus 65/127 21/202 ,0.0001

Blood glucose (mmol/l)
Nondiabetic 9.1 (0.3) 6.8 (0.2) ,0.0001
Diabetic 12.8 (1.3) 9.3 (0.9) 0.029

Electrocardiographic findings
Tachycardia, pulse frequency
.100/min

30/119 27/197 0.010

Extrasystoles 14/117 10/197 0.026
Negative T wave 30/117 28/197 0.012

Continuous variables are given as mean (standard error of mean). MAP, mean arterial presssure. *n = 124;
�n = 191.
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intraventricular and subarachnoid spread, hydrocephalus,
high admission blood glucose, and certain ECG abormalities
were significantly associated with death during the first
28 days. Diabetes was one of the items that did not differ
between survivors and nonsurvivors. The case fatality rates of
the nondiabetics (109/290) and diabetics (18/39) did not
differ significantly (95% CI 225% to +8%).
The mean glucose levels of both nondiabetics and diabetics

who died during the first 28 days of stroke onset were
significantly higher than of the survivors (p,0.0001 and
p=0.029, respectively; table 2). In both nondiabetics and
diabetics, patients dying during the first day of ICH onset had
the highest blood glucose values, followed by those dying
during days 1228. An important finding was that the mean
blood glucose levels of deceased nondiabetics (9.1 mmol/l)
did not differ from that of diabetic survivors (9.3 mmol/l). In
this connection it is worth mentioning that the mean blood
glucose level of 11 nondiabetic patients admitted but not
included because of early death and missing CT was
10.5 mmol/l.
In nondiabetics, admission blood glucose correlated

significantly with admission MAP (rs=0.163, p,0.005),
haematoma volume (rs=0.201, p=0.001), and shift of
cerebral midline structures (rs=0.183, p=0.002). The mean
glucose level was significantly higher among the unconscious
patients (p,0.0001), and in the presence of intraventricular
or subarachnoid blood and hydrocephalus (p,0.0001 to
p=0.012).
Logistic regression analysis of the 290 nondiabetic patients

revealed several independent predictors of death within
28 days of onset (table 3). Unconsciousness and lateral shift
of cerebral midline structures were the most important,
followed by admission blood glucose, anticoagulant treat-
ment and MAP. An analysis that included only the 236
patients with complete data gave otherwise a similar result,
except for anticoagulant treatment, which lost its statistical
significance.
In another analysis, in which the missing data on

hemiparesis of the 35 unconscious patients was substituted
with severe hemiparesis instead of mean severity, the results
were virtually identical with those presented in table 3.

DISCUSSION
The mean admission blood glucose level of both nondiabetics
and diabetics dying during the first 28 days after stroke onset
was statistically significantly higher than among the 28 day
survivors. The admission blood glucose level of the diabetic
28 day survivors was of the same magnitude as of the
nondiabetics who died within 28 days of ICH onset.
In nondiabetics, there was a significant association

between admission blood glucose and MAP, haematoma
volume, lateral shift of cerebral midline structures, intraven-
tricular and subarachnoid spread, hydrocephalus, and dis-
turbed consciousness, which are all markers of ICH severity.
In logistic regression analysis, high admission blood glucose
was one of the significant independent predictors of death
within 28 days of onset.
The strengths of this study are the representativeness of

the patient material, the strict diagnostic criteria of ICH, and
the fairly large number of patients. The patients were traced
from the catchment area of one Finnish central hospital with
a stable population and a well functioning healthcare system.
In short, the study fulfils seven of the eight criteria (the
exception being prospective data collection) that are con-
sidered as a minimum for good quality studies.3

However, there are some problems in the data coding and
collecting. Firstly, there was the problem of how to deal with
patients dying before or soon after admission, without having
had cranial CT and blood glucose measurement, the inclusion
criteria for the present study. The 11 nondiabetic patients
who died before CT examination and were not included in
the study serve as an example. Their mean blood glucose
concentration was 10.5 mmol/l, and if they were included,
the predictive importance of high admission blood glucose
would have been stressed. Another problem group was the
deeply unconscious patients, who could not be properly
evaluated concerning the severity of hemiparesis. However,
substituting the missing values with either the mean severity
or severe hemiparesis did not affect the results. Because
HbA1c was not included in the routine diagnostic examina-
tion in the emergency department, there may have been some
undiagnosed diabetics within the nondiabetic group. Based
on our previous study on ischaemic stroke, this proportion

Table 2 Mean admission blood glucose levels (mmol/l) among nondiabetics and
diabetics, by length of survival

Outcome

Nondiabetics (n = 290) Diabetics (n = 39)

Patients B glucose Patients B glucose

Dead(28 days of ICH onset 109 9.1 (0.3)* 18 12.8 (1.3)`
Dead(1 day 28 10.6 (0.7) 4 13.9 (4.0)
Dead 1–28 days 81 8.6 (0.4) 14 12.5 (1.3)

Alive.28 days 181 6.8 (0.2)� 21 9.3 (0.9)1

Results are given as mean (SEM). Student’s t test: * versus �: p,0.0001, ` versus 1: p = 0.029.

Table 3 Significant independent predictors of death within 28 days of stroke onset of
290 nondiabetic patients

B
Wald
statistic Significance OR (95% CI)

Unconsciousness (0/1) 2.550 33.0 0.000 12.80 (5.37 to 30.55)
Midline shift (mm) 0.270 29.7 0.000 1.31 (1.19 to 1.44)
Admission blood glucose (mmol/l) 0.200 8.13 0.004 1.22 (1.07 to 1.40)
Anticoagulant treatment (0/1) 1.379 7.34 0.007 3.97 (1.46 to 10.77)
Admission MAP (mmHg) 0.024 7.27 0.007 1.03 (1.01 to 1.04)
Constant 28.321 34.0 0.000

OR, odds ratio; CI, confidence interval; MAP, mean arterial pressure.

Admission blood glucose and short term survival in primary intracerebral haemorrhage 351

www.jnnp.com

http://jnnp.bmj.com


may be as high as 10%.4 Because we included only the result
of the first blood glucose measurement after admission, no
conclusions can be drawn about the course of blood glucose
level after admission.
The prevalence (11.9%) of diabetics in this study corre-

sponds well with the pooled prevalence (11.2%) of previous
studies, which included 1805 ICH patients,5–11 but is lower
than the 17% obtained in another recent study.12 In diabetics,
the risk of ICH compared with nondiabetics has been
calculated as 1.30 (95% CI 1.02 to 1.67).13 Estimates of the
impact of diabetes on ICH outcome have varied from
increased risk of early/hospital death,10 11 death or depen-
dency at 1 year after stroke,7 to no association with the
30 day mortality.8 In noncomatose patients, diabetes has
appeared as an independent predictor of 30 day and 3 month
mortality.12

If hyperglycaemia per se has an adverse effect on stroke
outcome, a universally poorer early outcome would be
expected for diabetics. This was not the case in our study,
and the surviving diabetics actually had slightly higher blood
glucose than the deceased nondiabetics. However, firm
conclusions are difficult to make because of the small
number of diabetics.
Compared with ischaemic stroke there are relatively few

studies on the association between admission blood glucose
level and prognosis of ICH. Melamed was the first to
emphasise the association of reactive hyperglycaemia
(.6.7 mmol/l) with poor outcome in nondiabetic patients.14

Hyperglycaemia was considered reactive because it was
transient and stabilised within 3.7 to 7.8 days in nondiabetics
and diabetics, respectively. The prognostic value of admission
blood glucose level in ICH has since been analysed in several
studies with relatively few patients.8 15–18 In univariate
analysis, high admission blood glucose level, nondiabetics
and diabetics combined, has predicted a poor early survival
rate. In multivariate analysis, admission blood glucose
>8 mmol/l has appeared as a significant independent
predictor of death within 2 days of stroke onset.16 In a recent
large study of 764 patients, diabetics who died(30 days of
onset had significantly higher blood glucose levels than the
survivors, and among the noncomatose nondiabetic patients,
hyperglycaemia (>7.2 mmol/l) was a significant independent
predictor of death within 30 days of onset.12 In a large
systematic review of prognostic models in acute stroke,
nonhaemorrhagic and haemorrhagic combined, high blood
glucose appeared as an independent predictor of death within
30 days of stroke onset in only every fourth study.3

The association of high admission blood glucose with poor
early survival was evident also in this study. In univariate
analysis, both nondiabetic and diabetic patients dying within
28 days of onset had significantly higher blood glucose values
than the survivors. Among nondiabetics, high blood glucose
was a significant independent predictor of death within
28 days of onset.
Hyperglycaemia in acute stroke has in some studies been

considered as a manifestation of premorbid diabetic glucose
metabolism,19–21 a stress reaction or associated with other
mechanisms.22 23 The amount of evidence supporting in
particular the stress hypothesis of poststroke hyperglycaemia
is increasing. Firstly, hyperglycaemia is transient, increasing
during the first 12 hours,24 and decreasing and stabilising
within 1 to a few weeks.14 25–27 Secondly, the glycolysated
haemoglobin (HbA1c) concentration reflecting the premorbid
glucose levels does not correlate with poststroke glucose
values, stroke severity, cerebral infarct volume or out-
come.4 26–29 Thirdly, poststroke blood glucose in nondiabetics
is strongly associated with early survival,1 4 6 14 27–29 and
fourthly, an association between the stress hormones cortisol
and/or catecholamines and stroke severity, volume of

cerebral lesion, blood glucose, and/or outcome has been
observed.27 29 30 We must, however, remember that these
studies are based on patient cohorts including those with
ischaemic strokes alone, or a patient mix with a minority of
haemorrhagic strokes.
In both the present and the Italian study of Passero et al,12

high admission blood glucose was associated with variables
signifying the severity of stroke, such as initial MAP,
haematoma volume, shift of cerebral midline structures,
intraventricular extension, and disturbed consciousness.
These all point to hyperglycaemia being a stress reaction to
a serious disease. Therefore, we question the possible benefits
of active lowering of high blood glucose values after ICH. To
obtain a definitive answer, a randomised controlled trial is
needed.

CONCLUSIONS
In this study, the mean admission blood glucose concentra-
tions of both nondiabetics and diabetics dying during the first
28 days after stroke onset were significantly higher than of
the survivors. In addition, the mean blood glucose level of the
diabetics surviving over 28 days was as high as among the
nondiabetics who died within 28 days of stroke onset. We
conclude therefore that the level of blood glucose per se does
not affect the outcome, and that high admission blood
glucose in primary intracerebral haemorrhage is most
probably a stress response.
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