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Background and Purpose—The epidemiology of stroke in Belarus is unclear. Therefore
stroke was set up in western Belarus to determine incidence and case-fatality i
Methods—The Grodno Stroke Study is a prospective community-based resear
Grodno, Belarus. Standard definitions and multiple overlapping sources of
of first-ever-in-a-lifetime strokes in all age groups occurring between Jan
Results—During 3 years, 2069 cases of first-ever-in-a-lifetime strokes were r
65.8=11.6 years; rate of hospitalization was 89.7%. The crude annual incidence
for the study period was 222 per 100 000 (95% CI, 212 to 233). In€idence adjusted tothe European standard population
and to the World Health Organization world standard populati r 100 000 (95% CI, 274 to 301) and 220
per 100000 (95% CI, 210 to 231), respectively. The 28-day, cas rate was 26.1%. The prevalence of
(25.6%) were current smokers. A total
ion, 14.7% had diabetes mellitus, and 22.1%

population.

0ng >sidents of the city of
rtainment nsed to identify all cases
ecember 31, 2003.

23.1% of patients had atrial fibrillation, 19.1% had past myoc
had hypercholesterolemia.

Conclusions—High incidence and case-fatality rates dete
least partly be related to the high prevalence of risk

erable burden of stroke in Belarus and might at
the population. (Stroke. 2010;41:2726-2730.)

S troke is one of the leading causes of death a
in Europe and absorbs a considerable p

Subjects and Methods

Study Area and Population
incidence and case-fatality come from Grodno is an urban area in western Belarus. According to the data of
. - . K the Grodno Regional Statistical Department, in the year 2002,
cidence studies.> They increase soci average annual population was 311 134 inhabitants (estimates of
epidemiology and facilitate healthe i i 1999 census data); the proportion of people aged =65 years was
and management of stroke. No, pop 8.0%. The population is a mixture of Belarusian (62%), Polish
(24%), Russian (10%), Ukrainian (2%), Jewish (0.4%), Lithuanian
(0.3%), and Tatar (0.3%) ethnicity. There were no considerable
e . migration and change in the ethnic structure of the population during
9.6 million inhabitants the last 30 years.
ies in Burope, exactly There is the unified state health care in Belarus which is free of
thin the United Nations charge, and all inhabitants have the equal access to medical aid.
6 According to the World Since Year 2000, a system of staged health care for patients with
stroke has been in use in Belarus. According to it, all patients with

stroke epidemiology has been
date. Belarus is a landloc
Union country with a po
and has 1 of the lowest li
being on rank 105 b
human developme

Bank’s country cla it belongs to the upper middle

. stroke must be referred to specialized stroke neurological depart-
a4 Stroke Study (C.}R'OSS) 15 @ ments (in large cities) or stroke wards (in small towns). There is a
ospective study of stroke incidence and stroke neurological department for 60 beds (including an intensive

ined urban population of Belarus. care unit for 6 beds) in Grodno City Clinical Hospital No. 1. All
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patients with suspected stroke revealed by emergency service,
neurologists at outpatient clinics, and general practitioners are
referred to this department where a neurologist is available 24 hours
a day. A small proportion of patients with stroke is treated at home.
They are usually patients with minor stroke who refuse to be
admitted to the hospital or severely disabled patients with just
another recurrent stroke. The small number of patients is treated at
other city hospitals: patients with in-hospital minor strokes, patients
with severe strokes and contraindications for transportation, and
patients with primary intracerebral hemorrhage referred for surgical

"% treatment. If a patient dies due to stroke (or any other disease) before
receiving medical care, an autopsy is obligatory.

Case Ascertainment
All suspected strokes occurred among residents of Grodno between
January 1, 2001, and December 31, 2003, were identified and
assessed for all age groups. Patients who had a stroke at the time of
temporarily being away from Grodno were included, but visitors to
Grodno who had no permanent registration at the place of residence
were excluded. Standard criteria for stroke were used.” All cases
were categorized as first-ever-in-a-lifetime strokes (FELS) or recur-
rent strokes on the basis of the clinical history rather than the
findings on brain imaging. A fatal event was defined as death within
28 days of the onset of an acute stroke.

We used multiple overlapping sources of ascertainment as sug-
gested by Sudlow and Warlow?: (1) daily review of admission and
discharge records of the stroke neurological department; 3 doctors of
this department were involved in the study; (2) weekly personal or
telephone contact with chief general practitioners and neurologists of
12 areas covered by 4 city outpatient clinics; 1 neurologist in each
outpatient clinic was responsible for the study; he or she also
checked for cases of stroke medical records of the patients who were
treated outside the city; (3) weekly telephone enquiries with neurol-
ogists of another 5 city hospitals about new cases of stroke;
weekly checks of emergency service calls; (5) weekly review o
autopsy protocols; and (6) weekly checks of all death certificate
patients who died at home without autopsy, medical records

excluded. The additional post hoc control for
with official registers of subsidized presc
treatment at outpatient clinics.
(hyperten-
sion, current smoking, atrial fibrillation, infarction,
hypercholesterolemia, and diabetes mell

n according to World

Hypertension 1999
stroke. Smoking was
1 cigarette. Diabetes was
newly diagnosed diabetes
g to World Health Organi-
sion to the hospital due to stroke.
ocardial infarction were defined as

Health Organization—Internati
criteria® after admission to
defined as current daily sm
defined as history of diabete

am and history of myocardial infarction
data, respectively. Hypercholesterolemia

data were introduced into an electronic database;

ofithe database was controlled by the principal investigator
(S. D K.) personally. The incidence and mortality because of stroke is
expressed in the number per 100 000 persons by age and sex with
corresponding 95% Cls, which were calculated assuming a Poisson
distribution for the number of events. To make results comparable
with other population-based studies, data are presented in 10-year
age bands and adjusted to the standard European population and to
the World Health Organization world population.!! Analyses were
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processed using STATISTICA (data analysis software syste
Version 6.0 (StatSoft, Inc, Tulsa, Okla).

Results
During 3 years, 2923 suspected stroke cases
One hundred seventy-six cases were excluded
final diagnosis other than stroke: trap§i

vestlbular neuritis (n= 12) crai
encephalitis (n=7), hypertensi
nign paroxysmal vertigo (n=
(n=5), and migraine (n=2). Excl
of a combination of clinical findi
in 77 patients (43.7%) andfo clinical findings
ee more patients were
de of Grodno. Of the

om 65 had premortem brain imaging. In total,
patients underwent either neuroimaging or
it was not possible to analyze reliably stroke
this study.

.8%11.6 years). Men were approximately 6 years younger
han women (62.7%+11.3 versus 68.8+11.0 years, P<<0.001).
ate of hospitalization was 89.7% (1855 patients); 179
patients (8.6%) were treated at home, and 35 patients (1.7%)
ied before medical treatment.

The Table shows the age- and sex-specific incidence of
FELS per 100 000 per year. The crude annual incidence rate
of FELS for the period 2001 through 2003 was 222 per
100 000 (95% CI, 212 to 233); for men 234 (95% CI, 220 to
248) and for women 211 (95% CI, 198 to 224). Incidence
adjusted to the European standard population and to the
World Health Organization world standard population was
287 per 100 000 (95% CI, 274 to 301) and 220 per 100 000
(95% CI, 210 to 231), respectively.

The incidence rates increased significantly with each de-
cade of life up to the age group 75 to 84 years inclusively
(2161 per 100 000; 95% CI, 1969 to 2377; Figure) and were
higher in men than in women. In the age group of =85 years,
the significant decline of incidence to 1494 per 100 000 (95%
CI, 1151 to 1943) was detected.

Five hundred forty-one patients (26.1%) died within 28
days of stroke onset. The 28-day case-fatality rate was 24.4%
for men and 27.8% for women. The crude annual mortality
rate of FELS was 58 per 100 000 (95% CI, 53 to 63); for men
57/100 000 (95% CI, 50 to 64) and for women 59 per 100 000
(95% CI, 53 to 66). Age-specific mortality data are shown in
the Figure.

The prevalence of hypertension among all FELS patients
was 87.5%; 529 (25.6%) were current smokers. A total of
23.1% of the patients had atrial fibrillation, 19.1% had past
myocardial infarction, and 14.7% had diabetes mellitus. The
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Table. Age- and Sex-Specific Annual Incidence of FELS per 100 000 Person-Years in Grodno, Belarus, 2001 to 2003
Men Women Total

Age Group, Years No./No. at Risk Rate 95% Cl No./No. at Risk Rate 95% Cl No./No. at Risk Rat 95%
<25 3/57 669 2 0.4-5 0/58 085 0 3115754
25-34 8/22 945 12 5-23 3/25198 4 1-12 11/48 143
35-44 40/25 180 53 38-72 20/29 075 23 14-35 60/54 255
45-54 192/18 952 338 293-388 109/23 580 154 126-188

y55-64 328/11 239 973 875-1080 188/14 185 442 381-512
65-74 286/6270 1520 1356-1703 382/10 484 1215 1100-1336 1233-1435
75-84 146/2025 2403 2028-2836 305/4931 2062 1839-2309 1969-2377
=85 12/299 1338 692-2341 4711017 1540 1123-2064 1151-1943
All 1015/144 579 234 220-248 1054/166 555 211 198-224 212-233
Total ASR* 356 334-377 236 222 274-301
Total ASRt 266 250-282 180 1 91 210-231

*Age-standardized rates (ASR) adjusted to the European population.

tAge-standardized rates adjusted to the World Health Organization world population.1®

level of total cholesterol was measured in 556 of FELS
patients, and hypercholesterolemia was detected in 123 of

them (22.1%).

Discussion

GROSS is the first population-based register providing epi-
demiological data on stroke incidence and case-fatality in
Belarus. The basic eligibility criteria for community-bas
registers were used: multiple overlapping sources of as
tainment, prospective study design, large well-defined
population, and recent census data.>® Careful case asce

years.'2 Therefore, in GROSS, we ma
near-complete case ascertainment
overlapping sources). The fact
stroke were excluded indical

taken in finding cases in @

val ncitlence and mortalicy /100 090

35 254 3564

3544

453
Age groap

5.7

igure. Annual incidence and mortality of FELS per 100 000 in

Grodno, Belarus, 2001 to 2003.

To évaluate the data quality obtained in our study, we used
5 n s identified by Asplund et al in the World
ion Monitoring Trends and Determinants in

ase (MONICA) stroke study'®: (1) the
ses in the GROSS to stroke deaths in routine

at are not hospitalized should be >10%; in GROSS,
is indicator is 24.8% (134 of 541); (3) with the 26.1%
-day case-fatality, our study would rank tenth among the 21
MONICA populations; therefore, we suggest that not too
ny nonfatal events were missed in our register; (4) the
proportion of nonfatal cases that are not hospitalized in
GROSS is 3.9% (80 of 2069), and our study would rank also
tenth among the 21 MONICA populations; therefore, we
think case ascertainment in our register is not less than
optimal; and (5) the proportion of fatal cases autopsied or
examined by a physician before death ranged from 31% to
100% in the 21 MONICA populations and is 99.3% (537 of
541) in our study; therefore, we suggest that the accuracy of
the assignment of diagnostic category in fatal cases was
required. Thus, GROSS fulfilled all 5 criteria allowing
multinational comparisons.!3

Among the advantages of our study, we can point to the
large defined study population, the big number of registered
stroke cases, high rate of hospitalization, concentration of
patients in hospital (86% of all FELS were treated in Grodno
City Clinical Hospital No. 1), and high rate of autopsies in
patients with stroke who died before medical treatment (89%
[31 of 35]).

Our study has a number of limitations: low rate (43.9%) of
imaging/autopsy, absence of computer databases for search-
ing nonhospitalized cases, and lack of data concerning
etiology for ischemic strokes. For these reasons, misdiagnosis
of stroke in GROSS might have occurred, thereby leading to
the inclusion of patients with stroke-like episodes but no
strokes. On the other hand, it is possible that some cases of
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stroke (especially minor ones) were missed, but the same
limitation affects most population-based registers.

The age-standardized rate (to the World Health Organiza-
tion world standard population) of stroke incidence in Grodno
of 220 per 100 000 (95% CI, 210 to 231) is high as compared
with other published studies. Among 69 population-based
registers from the recent review of Feigin et al,5 arranged
according to descending age-standardized incidence, the

-5, GROSS rate takes 14th. FELS incidence in Grodno is higher
“than in the most countries of the European Union, except of
Finland (Turku),'* Sweden (Soderhamn),'> Portugal (Porto,
rural population),’® and Estonia (Tartu, 1991 to 1993)'7; is
similar to those reported from the Ukraine (Uzhgorod, 238
per 100 000)'8 and Russia (Krasnoyarsk, 233 per 100 000;
Novosibirsk, 1982, 203 per 100 000)!2%; but higher than
those reported from other low- to middle-income countries
from all parts of the world.5 Incidence in men is higher than
in women as in most other series.

Mean age at stroke onset in Grodno (65.8*11.6 years) is
broadly similar to those of the studies from low- to middle-
income countries. Thus, it is equal to the corresponding total
index (65.8 years) of 4 2000 to 2008 registers from low- to
middle-income countries (Georgia, Chile, Brazil, India)?'-24
included in the mentioned review.> At the same time, the mean
age at stroke onset in GROSS is lower than those in population-
based studies from high-income countries in 1990 to 2008. For
example, it is significantly (P<<0.00001) lower than the corre-
sponding total index (70.7£13.8 years) in 6 countries of
European Registers of Stroke (EROS) project.?

Such a younger age of the patients in GROSS may
the peculiar shift of peak incidence rates toward the
75 to 84 years, whereas most studies describe
increase of rates with each decade with a maxim
group =85 years. Theoretically, the lower
which we found in the latter group pared
younger one, might be due to the inade

in condi-
or stroke

to =84 years.
ed in Novosibirsk
and in Uzhgorod.18
entioned groups were
30 per 100 000, accord-

(1984, 1987, 1992 years
In Tbilisi, Georgia, rate

day case-fatality rate in Grodno (26.1%) is high.
Among 58 population-based registers from the review of
Feigin et al5 (11 studies did not report such rate), arranged in
decreasing sequence, the GROSS rate takes is 20th. Although

arly case-fatality in Grodno is lower than in 3 of 4 2000 to
2008 registers from low- to middle-income countries,?!-24 it is
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considerably higher than the goal for 2015 (15%), which w
set in the Helsingborg Declaration 2006.! The hi

mild strokes and excess of hemorrhagic stroke
by higher mortality.

e rate of previous
so similar to Dijon
higher (P<0.05) as
compared wi
registers,?S and

proportion of measurements in GROSS (556
different definitions of this factor in other

ary, the age-standardized stroke rate in an urban
tion of Belarus is higher than in the most developed
d developing countries. The mean age at stroke onset is
mparable to that reported in low- to middle-income coun-
ies and lower than in high-income countries. High incidence
nd case-fatality rates determine the considerable burden of
oke in Belarus and might at least partly be related to the
high prevalence of risk factors among the population. The
high case-fatality rate may partly be caused by underascer-
tainment of mild strokes and excess of hemorrhagic strokes
characterized by higher mortality.
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