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Abstract
Objectives—For Greece, data on inci-
dence of stroke, type of stroke, and
prognosis of stroke is limited. Recently,
results on incidence of stroke were pub-
lished. Here 1 year mortality, functional
outcome after a first ever stroke, and
determinants of the prognosis are de-
scribed.
Methods—A population based registry
was established in the Arcadia area,
located in eastern central Peloponessos in
southern Greece. Between 1 November
1993 and 31 October 1995, 555 patients
with a first ever stroke were identified
using information from death certificates,
hospital records, public health centres and
general practitioners. Extensive infor-
mation on cardiovascular risk factors and
stroke characteristics was obtained. After
1 year a modified Rankin score was deter-
mined in all surviving patients.
Results—After 1 year of follow up, 204
(36.8%) patients died. The probability of
survival 1 year after stroke was higher for
cerebral infarction than for intracerebral
haemorrhage; 67.8% (95% confidence in-
terval (95% CI) 64–72) and 46.4% (35–57),
respectively. Of the survivors, 68.9% had
either no symptoms or symptoms that
would not interfere with their capacity to
look after themselves (Rankin score 0 to
2). Increasing age and low Glasgow coma
scale score were the most powerful predic-
tors of death within 1 year (p<0.01),
whereas increasing age, atrial fibrillation,
and low Glasgow coma scale score were
the most important predictors of func-
tional outcome 1 year after a stroke
(p<0.01).
Conclusions—One year mortality from
stroke in Greece is similar to that of other
industrialised countries. The most impor-
tant factors that aVect the prognosis of a
patient with a first ever stroke are increas-
ing age, stroke severity, and atrial fibrilla-
tion.
(J Neurol Neurosurg Psychiatry 2000;69:595–600)
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Stroke is the third leading cause of death and a
major cause of long term disability in most
developed countries.1 Stroke mortality has
declined during the past decades in the United

States and in most western and northern
European countries.2 3 By contrast, in eastern
Europe stroke mortality has remained stable or
even increased over this period.2 These secular
trends suggest substantial potential for preven-
tion of stroke through beneficial changes in risk
factors and case fatality. Similarly, recent
developments in treatment of acute stroke and
in care after the acute phase have provided
important evidence to further prevent recur-
rent cardiovascular and cerebrovascular disease
in patients with a non-fatal stroke.4

Studies on geographical patterns of stroke
mortality show large diVerences across coun-
tries and across geographical areas within
countries.5–7 These geographical diVerences
seem to persist over the years. Within Europe,
a twofold to threefold diVerence in stroke mor-
tality is found.8 The reasons for these consider-
able diVerences are not yet fully understood.
The wide variation in stroke mortality may be
attributed to diVerences in incidence of stroke
and to diVerences in case fatality of stroke.
Furthermore, the relative contribution of
several risk factors to the prognosis of stroke
may diVer across countries, which implies the
need for country specific targeted approaches
to prevent stroke recurrence.

We previously reported stroke incidence and
short term case fatality from the first prospec-
tive stroke registry in a defined population from
southern Greece with a typical Mediterranean
lifestyle.9 In this report we present the 1 year
stroke prognosis and its determinants.

Patients and methods
A population based registry was established in
the Arcadia area, one of 51 prefectures located
in east-central Peloponessos, in the southern
part of Greece (fig 1). The permanent resident
population in 1991 aged 20 years and over
comprised 41 864 men and 38 910 women, for
a total of 80 774 inhabitants. Details of the
Arcadia Stroke Registry in methodology have
been reported previously.9 In summary, pa-
tients were enrolled in the study in one of the
following ways: (a) medical records for patients
in hospital; (b) notifications from general prac-
titioners (GPs) and private family physicians;
(c) medical records from health centres; and
(d) death certificates. If someone experienced a
possible stroke, the patient would promptly be
examined by the local GP and transported by
ambulance to the nearest health centre or to
the local hospital. Patients admitted to hospital
were examined soon after admission and were
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monitored often until discharge. On a monthly
basis, we visited the health centres to obtain
information from the medical records. General
practitioners and private family practitioners
were also contacted. All the data were collected
prospectively. Medical history was obtained
and presence of risk factors was evaluated by
one of the us (PKT) on the day of admission.
For patients not in hospital we used infor-
mation from notifications of the health centres
and attending physicians. Brain CT was made
as soon as possible but mostly during the first
week after stroke onset. A total of 555 patients
with first ever stroke that occurred from 1
November 1993 to 31 October 1995 among
residents in the study area was registered. Sub-
jects aged 18 years or below, those with a
recurrent stroke, and those with a transient
ischaemic attack were not included in the reg-
istry. All patients were followed up until death
or up to 1 year after their stroke. Outcome data
were available for 554 patients at 1 month and
for 532 patients at 1 year.

STUDY DEFINITION

We used the World Health Organisation
(WHO) definition of stroke as a rapid onset of
clinical signs of a local or global disturbance of
cerebral function, lasting more than 24 hours
or leading to death, with no apparent non-
vascular cause.10 Strokes were classified into
subtypes by aetiopathogenetic mechanisms
using international criteria, as have been
described in detail elsewhere.9 Patients without
CT were classified based on the most likely
clinical choice in which the Guy’s Hospital
stroke diagnostic score (GHSDS) was used11;
possible intracerebral haemorrhage GHSDS
>25 (90% probability).12

Risk factors
A history of hypertension was defined as systo-
lic blood pressure >160 mm Hg, or diastolic
blood pressure >90 mm Hg, or both diagnosed
at least twice before the stroke or documented
treatment of hypertension. Smoking was con-
sidered present when a patient smoked daily
previous to the stroke and was considered
absent when the patient had never smoked or
stopped smoking for at least 1 year preceding
the stroke event. Diabetes mellitus was defined
as use of a blood sugar lowering drug before the
occurrence of the stroke or a documented fast-
ing blood glucose concentration exceeding
120 mg/dl. Hypercholesterolaemia was consid-
ered if one plasma cholesterol value was
240 mg/dl before stroke or at the time of
admission. Severe alcohol consumption was
defined as 60 g/day for men and 40 g/day for
women. A history of a transient ischaemic
attack was defined when a patient had an attack
diagnosed by a neurologist as a temporary,
focal neurological deficit presumably related to
ischaemia and lasting less than 24 hours.
History of coronary heart disease (myocardial
infarction, angina pectoris, congestive heart
failure) was assessed by questionnaire without
medical confirmation if it was diagnosed by a
cardiologist and the patient had been given a
relevant treatment. Atrial fibrillation was diag-
nosed by ECG for patients in hospital; for
those not in hospital at least one ECG with
documentation of atrial fibrillation in the year
before the event was required.

For each stroke case, a Glasgow coma score
was obtained in surviving patients in hospital
by one of the authors (PKT) on the day of
admission. For those not in hospital we used
information from notifications of the health
centres and attending physicians. For each
patient with stroke, a modified Rankin scale
was applied at discharge from the hospital and
at the final follow up 1 year after stroke onset.13

Patients were classified into six categories: (0)
no symptoms at all; (1) no significant disability,
despite symptoms able to carry out all usual
duties and activities; (2) slight disability, unable
to carry out all previous activities but able to
look after their own aVairs without assistance;
(3) moderate disability, requiring some help
but able to walk without assistance; (4) moder-
ate to severe disability, unable to walk without
assistance, unable to attend to their own body
without assistance; (5) severe disability, bedrid-
den, incontinent, requiring constant nursing
care and attention. Handicap for patients not in
hospital was obtained by questionnaire from
attending physicians or by examination of the
patient at home by one of us.

DATA ANALYSIS

Short term case fatality was defined as death
before 28 days after the stroke onset. Long
term case fatality was defined as death within 1
year. Results are presented by age and sex, and
by type of stroke. The modified Rankin scale
was dichotomised according to independence
for looking after their own aVairs (0,1,2) or
dependence for looking after their own aVairs

Figure 1 Geographical location of the study area.
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(3,4,5).12 Proportions are presented by age and
sex, and by type of stroke.

Continuous data were analyzed using un-
paired t tests and categorical data using
Fisher’s exact test. The Kaplan-Meier method
was used to estimate the probability of survival
after 1 year from stroke onset. Comparisons
between subgroups were evaluated by the log
rank test. To evaluate which factors contribute
to 1 year death, a univariable Cox’s propor-
tional hazards model was used. Those factors
that contributed to the outcome in the univari-
able analyses at p values <0.10 were included
in the multivariable model. A similar regression
model was used in which all patients that had
died within 28 days were excluded to explore
potential diVerent contributions of risk factors
to short term and long term follow up.
Associations are presented as hazard ratios
with their corresponding 95% contidence
interval (95% CI).

For functional outcome a logistic regression
model was taken in which dependence (yes-no)
was used as the outcome variable. When the
number of events allowed, analyses were
performed for cerebral infarction and intracer-
ebral haemorrhage separately. As the analyses
for men were similar to those for women, only
results from sex adjusted analyses are pre-
sented.

Results
From 1 November 1993 to 31 October 1995, a
total of 555 first ever strokes was registered
during a follow up of 165 548 person-years.
Over 90% of the patients were admitted to
hospital (n=513), 6.5% came from health cen-
tres (n=36) and 1.1% came from death certifi-
cates (n=6). In table 1 general characteristics
and stroke risk factors of the study population
are presented. There were 309 (55.6%) men
and 246 (44.4%) women. The mean age for
men was 75 (SD 11.9) years and 76 (SD 11.2)
years for women. Smoking and frequency of
severe alcohol consumption diVered signifi-
cantly between men and women (table 1).
Atrial fibrillation was very common among
patients with stroke, and occurred in 30.8% of
men and in 38.3% of women.

Brain CT was present for 454 (81.8%) of the
patients, with a median delay of 7 days from
stroke onset. Five patients had the CT during
the 3rd week. In the remainder of the patients,
type of stroke was assessed using the GHSDS
In 17 (3.1%) patients, a distinction of stroke

type could not be made with the available
information (three men and 14 women). In
men, cerebral infarction was diagnosed in 250
(80.9%) of the patients, intracerebral haemor-
rhage in 50 (16.2%), and subarachnoid haem-
orrhage in six (1.9%). For women, these figures
were 197 (80.1%), 27 (11.0%), and eight
(3.3%), respectively. For patients with cerebral
infarction, the probable stroke subtype was
atherosclerosis in 75 patients, lacunar infarc-
tion in 71, cardioembolic stroke in 127, and
infarction of unknown cause in 174.

Survival analysis was based on 554 patients.
One patient was lost to follow up before 28
days and 23 patients were lost to follow up by a
year. During the first 28 days 147 (26.5%)
patients died and 204 (36.8%) by the end of
the follow up period. One year mortality
increased with age in men and women from
18.5% (five out of 27) for those aged 18–54
years up to 53.9% (69 out of 128) for those
aged 85 years and over (table 2).

The cumulative survival rate from stroke by
major subtypes and sex is given in table 3. The
overall 1 year probability of survival of the
study population after first ever stroke was 0.63
(95% CI 0.59–0.67). No diVerences were seen
between men and women. Patients with a cer-
ebral infarction (0.68 (95% CI 0.64–0.72))
had a better probability of survival than
patients with intracerebral haemorrhage (0.46
(95% CI 0.35–0.57)). The number of cases
with a subarachnoid haemorrhage was too
small to provide reliable confidence intervals.
As shown by the Kaplan-Meier estimates (fig
2) most of the fatal events occurred early after
stroke onset except in patients with a lacunar
infarction. Moreover, patients with a lacunar
stroke had the best prognosis (0.94 (95% CI
0.86–0.98)) compared with those of any other
stroke subtype (log rank test, p<0.001).
Probability of survival in patients with cardi-
oembolic stroke (0.51, (95% CI 0.43–0.60))
was similar to that of patients with intracerebral

Table 1 General characteristics (mean (SD)) of the study population (%)

Risk factor Men (n=309) Women (n=246) p Value

Age (y) 75.1 (11.9) 76.1 (11.3) 0.32
Current smoker 105 (34.0) 5 (2.1) <0.01
Hypertension 242 (78.4) 208 (84.6) 0.06
Hypercholesterolaemia 127 (41.1) 114 (46.4) 0.22
Alcohol consumption 64 (20.8) 4 (1.7) <0.01
Diabetes mellitus 86 (27.9) 79 (32.2) 0.30
Transient ischaemic attacks 59 (19.1) 33 (13.5) 0.08
Atrial fibrillation 95 (30.8) 94 (38.3) 0.07
Myocardial infarction 32 (10.4) 17 (7.0) 0.17
Angina pectoris 36 (11.7) 38 (15.5) 0.20
Congestive heart failure 49 (15.9) 34 (13.9) 0.55
Valvular heart disease 7 (2.3) 8 (3.3) 0.60

p Values for the diVerence between men and women.

Table 2 One year crude mortality from stroke (%) by
type of stroke and sex

Age (y)

All events
Cerebral
infarction

Intracerebral
haemorrhage

D/S % D/S % D/S %

Men:
18–54 3/18 16.7 2/14 14.3 1/3 33.3
55–64 7/36 19.4 3/28 10.7 3/6 50.0
65–74 18/74 24.3 11/56 19.6 6/17 35.3
75–84 40/106 37.7 27/89 30.3 10/14 71.4
>85 38/75 50.7 32/63 50.8 5/10 50.0
Total 106/

309
34.3 75/250 30.0 25/50 50.0

Women:
18–54 2/9 22.2 0/4 0 2/4 50.0
55–64 7/29 24.1 3/19 15.8 3/8 37.5
65–74 18/55 32.7 9/41 30.0 2/5 40.0
75–84 40/99 40.4 32/90 35.6 4/5 80.0
>85 31/53 58.5 22/43 51.2 5/5 100.0
Total 98/245 40.0 66/197 33.5 16/27 59.3

All subjects:
18–54 5/27 18.5 2/18 11.1 3/7 42.9
55–64 14/65 21.5 6/47 12.8 6/14 42.9
65–74 36/129 37.9 20/97 20.6 8/22 36.4
75–84 80/205 39.0 59/179 33.0 14/19 73.7
>85 69/128 53.9 54/106 50.9 10/15 66.7
Total 204/

554
36.8 141/

447
31.5 41/77 53.2

Mortality follow up based on 554 subjects. D=No of deaths;
S=No of strokes.
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haemorrhage (0.46 (95% CI 0.35–0.57)).
Patients with atherosclerotic stroke and infarc-
tion of unknown cause had a probability of
survival of 0.65 (95%CI 0.55–0.76) and 0.70
(95% CI 0.63–0.77) respectively.

Determinants of 1 year mortality are pre-
sented in table 4. In the univariable analysis
some established risk factors were related to
death at 1 year, but only age and Glasgow coma
scale remained significant independent predic-
tors of the outcome in the multivariable model.
Exclusion of the early deaths (within 28 days)
did not materially alter the findings in the uni-
variable and multivariable regression analyses.

Data on functional outcome 1 year after
stroke were available for 328 patients (204
died, 23 patients were lost to follow up, table
5). Of the survivors, nearly 70% of the patients
were functionally independent—that is, were
able to look after their own aVairs after 1 year.
Of the patients who had a cerebral infarction,
43 out of 168 (25.6%) men and 47 out of 120
(36.7%) women were dependent after 1 year.
The percentages for intracerebral haemorrhage
(11 from 33 survivors) and subarachnoid
haemorrhage (one from six survivors) were
based on too few numbers to allow meaningful
analysis.

In the univariate analysis dependence was
related (p<0.10) to increasing age, atrial fibril-
lation, myocardial infarction, and the Glasgow
coma scale score. In a multivariable logistic
regression model, age, atrial fibrillation and
Glasgow coma score (category 3 v 1) remained
associated with dependency after stroke (table
6).

Discussion
The importance and strength of our study rests
on the fact that it is a prospective population
based study of acute first ever strokes with high
rates of patients with CT performed to distin-
guish infarction from haemorrhage and a fairly
complete follow up for 1 year. In hospital based
studies, the categorisation of strokes into the
diVerent subtypes is more accurate, but there
might be a bias due to local practice patterns in
the selection of patients to be admitted to hos-
pital, in particular “mild” strokes in very old
patients may not lead to admission.12 14 On the
other hand, prospective population based
studies give us a more precise epidemiological
picture about the incidence of strokes but the
diVerentiation between the diVerent stroke
subtypes is generally less accurate. Even
though a great majority of our patients were in
hospital, we encountered considerable diYcul-
ties in defining a stroke mechanism and this
might reflect a limitation of our study. In our
study, 81.8% of patients had brain CT
performed and in the remainder the GHSDS
was used. The distribution of stroke subtypes
in our study is similar to those reported from
other industrialised western countries.15

The overall case fatality rate at 28 days ranks
among those reported by other studies and was
similar in men and women.16–18 After 1 year,

Table 3 One year survival probability from stroke by type of stroke and sex

All events Cerebral infarction
Intracerebral
haemorrhage

Survival 95% CI Survival 95% CI Survival 95% CI

Men 0.65 0.60–0.70 0.70 0.64–0.76 0.50 0.36–0.64
Women 0.59 0.53–0.65 0.65 0.58–0.72 0.40 0.21–0.59
All subjects 0.63 0.59–0.67 0.68 0.64–0.72 0.46 0.35–0.57

Kaplan-Meier estimation for 1 year survival probability.

Figure 2 One year survival curves by all stroke subtypes.
LVA=large vessel atherothrombotic infarction;
LAC=lacunar infarction; IUC=infarction unknown cause;
CE=cardioembolic infarction; ICH=intracerebral
haemorrhage; SAH=subarachnoid haemorrhage.
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Table 4 Univariable and multivariable determinants of 1 year mortality

Risk factor

Univariable model Multivariable model

HR 95% CI HR 95% CI

Age (/y) 1.04 1.02–1.05 1.04 1.02–1.05
Women 1.25 0.95–1.65 0.92 0.69–1.24
Smoking 1.03 0.72–1.44
Hypertension 1.11 0.78–1.59
Hypercholesterolaemia 0.90 0.68–1.19
Alcohol consumption 1.01 0.67–1.53
Diabetes mellitus 1.29 0.97–1.73 1.16 0.87–1.58
Transient ischaemic attacks 1.01 0.70–1.46
Atrial fibrillation 1.52 1.15–2.01 1.07 0.79–1.46
Myocardial infarction 1.22 0.78–1.92
Angina pectoris 1.26 0.86–1.83
Congestive heart failure 1.43 1.01–2.01 1.14 0.77–1.68
Valvular heart disease 1.34 0.63–2.84
Glasgow coma scale*

(2 v 1) 2.63 1.83–3.80 2.88 1.99–4.17
(3 v 1) 8.29 5.89–11.67 8.06 5.61–11.58
(4 v 1) 18.93 10.22–35.93 17.56 9.35–32.99

SBP on admission† 1.01 0.97–1.05
DBP on admission† 1.02 0.94–1.10

HR=Hazard ratio; SBP=systolic blood pressure; DBP=diastolic blood pressure.
*Glasgow coma scale entered as 1=(score 14–15); 2=(score 8–13); 3=(score 4–7); 4=(score 3).
Baseline score=1.
†SBP and DBP/10 mm Hg.
Based on data from 328 subjects.

Table 5 One year functional outcome after stroke (%) by
age and sex*

Age (y)

Men Women Total

C/S % C/S % C/S %

18–54 4/15 26.6 2/7 28.6 6/22 27.2
55–64 5/29 17.2 4/21 19.1 9/50 18.0
65–74 12/54 22.2 13/30 43.3 25/84 29.7
75–84 20/62 32.6 22/55 40.0 42/117 35.9
>85 12/34 35.3 8/21 38.1 20/55 36.3
Total 53/194 27.4 49/134 34.8 102/328 31.1

Values are percentage of patients that are unable to look after
their own aVairs (modified Rankin score 3–4–5).
C=Cases with modified Rankin score 3–4–5, S=surviving stroke
subjects.
Based on 328 subjects whose functional status could be
assessed.
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37% of patients with stroke had died stressing
the fact that the mortality after a stroke is high.
No diVerences were found between men and
women, whereas patients with intracerebral
haemorrhage had almost a twofold probability
of dying than patients with infarcts.

Few prospective population based studies
give results for 1 year mortality by age, sex, and
pathological type with adequate numbers of
events and 95% CI estimates. In a study from
the L’Aquila region of central Italy, mortality at
1 year was consistent with our estimates
(36.9%, 95% CI 33.6–40.2) with similar
results for cerebral infarction and intracerebral
haemorrhage (32.4% and 58.2%
respectively).16 Survival data from Rochester,
MN, USA for the years 1985–89 showed no
significant diVerences compared with our find-
ings for women (64% for cerebral infarction
and 34% for haemorrhage), whereas for men
the probability of survival in patients with cer-
ebral infarction was higher than in the present
study (79%).19 The Oxfordshire Community
Stroke Project (OCSP) provided important
and accurate information on stroke incidence
and survival.20 In 1 year the overall mortality
for stroke was 31% (95% CI 27–35), signifi-
cantly below ours, and this was mainly
attributed to the death of patients with cerebral
infarction (23%, 95% CI 19–27). The diVerent
age structure of the study population may
explain in part the diVerences in mortality risk
for cases with cerebral infarction between the
last two studies and our study. A striking rela-
tion exists between age and stroke mortality as
shown in table 2, and our stroke population
was older compared with those of Rochester
and Oxfordshire. The high rates of comorbidity
(hypertension, diabetes, atrial fibrillation) may
contribute to our relatively poor prognosis
compared with other community based stud-
ies. Additionally, in our study a less optimum
case ascertainment of mild cases of out of hos-
pital stroke may have occurred, thus resulting
in a higher 28 day case fatality rate.9 Similarly,

mild cases may be missed due to cross bound-
ary medical care.

Our study shows that patients with lacunar
stroke have a high survival rate at 1 year, results
comparable with a study from Minnesota
(97%) and to the OCSP (90.2%).20 21 By
contrast, patients with a probable cardioem-
bolic infarction have a worse prognosis, results
that might be related to the high prevalence of
atrial fibrillation in our population (34%).

At 1 year, independence for activities of daily
living was 68.9% with no diVerences between
men and women. Again, a striking relation to
age was seen. Few prospective population
based studies have considered functional out-
come 1 year after acute stroke. In the Oxford-
shire study 65% of the survivors of stroke were
functionally independent at 1 year, without
diVerences among stroke subtypes.22 In an-
other study from southeast England, results
were similar (66% independent).23 The fact
that a high proportion of our patients were
independent for activities of daily living might
have been biased by the relatively large death
rate. If these patients had survived, they would
very likely have had a low functional status.

Our findings are in agreement with previous
studies, which found that age and conscious-
ness level are the major contributing factors for
early as well as for 1 year mortality.24–27 Low
consciousness level on admission probably
reflects the severity of brain damage which is
not only the major factor contributing to the
early mortality, but also predisposes to the
functional dependence of the survivors. In-
creasing age is the second factor that independ-
ently aVects 1 year mortality and disability.
Older victims of stroke are susceptible more
often to complications such as infections or
cardiac events.24

Our study shows that atrial fibrillation is an
independent prognostic factor of functional
ability after 1 year from stroke onset. Moreo-
ver, this common arrhythmia seemed to have a
high prevalence among our stroke victims.
Atrial fibrillation, a major factor contributing
to stroke, causes massive brain infarcts, result-
ing in severe neurological deficits with persist-
ent functional dependence and higher
mortality.28–30 Recent reports show trends of an
increasing prevalence of atrial fibrillation and a
reluctance of physicians to prescribe antico-
agulants for primary stroke prevention.31 32

The study of the relation between demo-
graphic factors and disability may further help
the health authorities to distribute eVectively
the available funds required for the care of
stroke victims and to establish a long term plan
involving medical and rehabilitation services
for these patients. Moreover, strategies for a
more eYcient primary prevention of stroke in
patients with atrial fibrillation are necessary,
and future trials with new drugs or combina-
tion antiplatelet-anticoagulant drugs are
needed for the older population.

1 Bonita R. Epidemiology of stroke. Lancet 1992;i:342–4.
2 Thom JT. Stroke mortality trends: an international perspec-

tive. Ann Epidemiol 1993;3:509–18.
3 WHO MONICA project. Stroke trends in the WHO

MONICA project. Stroke 1997;28:500–6.

Table 6 Univariable and multivariable determinants of 1 year functional outcome*

Risk factor
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