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Stroke in South Alabama: Incidence and Diagnostic
Features — A Population Based Study

CyntHIA R. Gross, PH.D.,* Carros S. Kasg, M.D.,T J.P. Monr, M.D.,T

SaraH C. CunningHaM, R.N.,T aNnD WiLMER E. Baker, Ep.D.§

SUMMARY This study has attempted to identify all persons from an area of southern Alabama who had a
stroke in 1980 and were hospitalized. Data were gathered on disease onset, clinical course, laboratory
results, history of risk factors, and outcome. The age-adjusted incidence rates for initial stroke were 109 per
100,000 for whites and 208 per 100,000 for blacks. Age-specific rates were higher in blacks than whites, and
highest for black females.

The distribution of cases by type of stroke was: atherothrombeotic (6 %), embolic (26 %), lacunar (13%),
infarction of unspecified origin (40%), parenchymatous hemorrhage (8%), subarachnoid hemorrhage
(6%), and unidentified type (1%). Blacks had higher incidence rates for hemorrhages, and black females
had the highest incidence rate for lacunar stroke. The overall stroke incidence rates in this series were not
significantly higher than those from prior population studies, suggesting that southern Alabama is not part
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of the so-called ‘‘Stroke Belt’’ area of the southeastern United States.

ALTHOUGH STROKE INCIDENCE and mortality
rates are reportedly higher in the southeastern regions
of the United States, and higher among blacks than
whites,'* factors which influence these patterns of dif-
ferential susceptibility to stroke are not well under-
stood. In addition, little is known about differences
between blacks and whites with respect to incidence
and outcome by subtype of stroke, although clinical
evidence suggests such differences may exist.” The
present study was designed to evaluate these factors.

Methods

As a part of the pilot Stroke Data Bank,° clinical data
were obtained on all persons aged 20 or older from
three bi-racial communities in southern Alabama who
had a stroke in 1980 and were hospitalized. Over 50%
of the patients were personally examined by a study
neurologist (CSK or JPM).

South Alabama Study Population

The study population (table 1) was drawn from the
103,358 persons (1980 Census) residing in three areas
of south Alabama: the Three-Mile community of Mo-
bile County, an urban area of 16 adjacent census tracts
from the Mobile Standard Metropolitan Statistical
Area (SMSA) with 53,362 residents, most of whom
are black; the Daphne-Fairhope Bayshore communi-
ties of Baldwin County, a five tract area of the Mobile
SMSA containing 27,345 persons, including many re-
tired whites; and nearby Monroe County, a sparsely
populated and rural area of 22,651 persons.

Case Ascertainment

Potential cases were identified through prospective
screening of hospital admission and discharge diag-
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noses and by direct referrals. Local Professional Stan-
dards Review Organization (PSRO) data indicated that
over 95% of the hospitalizations of residents from the
study population would be to twelve south Alabama
hospitals. About forty percent of the eligible patients
were admitted to the University of South Alabama
Medical Center. Here, stroke patients are preferential-
ly admitted to the Neurology service, under the direc-
tion of the study neurologists. Admission lists were
also reviewed daily for stroke patients admitted to oth-
er services. A study neurologist personally examined
and followed the course of each case of stroke through
hospitalization and up to one year post-discharge.
Weekly review of all hospital discharge diagnoses
were conducted to ensure that no eligible patients were
missed.

At the eleven other hospitals, preliminary informa-
tion on all persons admitted with stroke or stroke-
related symptomatology whose home address zip code
overlapped the study areas was provided by persons in
Admissions or Medical Records Departments who
were contacted weekly or bi-weekly by study investi-
gators. Patients satisfying study criteria were then
cuiled from this group. Study neurologists examined
all patients still hospitalized when notice of their ad-
mission was received in time. Discharge diagnoses
were received monthly to assure coverage. Notifica-
tion of stroke admissions was also solicited through
study publicity, and this served to verify the complete-
ness of the hospital surveiilance. Finally, the coroner’s
office for south Alabama provided information on
deaths attributed to cerebrovascular disease, and while
no additional patients were identified by this source, it
also served to verify the completeness of case ascer-
tainment.

Diagnosis

The World Health Organization’ definition of stroke
was used. Stroke was further classified into subtypes
based on a schema developed for the NINCDS Pilot
Stroke Data Bank.® This schema attaches a degree of
certainty to each diagnosis based on available clinical
and laboratory findings, primarily CT scan and angio-
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TABLE 1 Age, Sex and Race Distribution of the South Alabama Studv Population, 1980 US Census

Age
75 and Population Total

Race Sex 20-54 55-64 65-74 Over aged 20+ population
White 16,741 3,967 2,940 1,835 25,483 39,954

male 8,110 1,822 1,294 722 11,948 19,065

female 8,631 2,145 1,646 1,113 13,535 20,529
Black 21,906 4,826 2,938 1,499 31,169 63,225

male 9,474 2,298 1,266 622 13,660 29,949

female 12,432 2,528 1,672 877 17,509 33,276
Total* 38,647 8,793 5,878 3,334 56,652 102,819

*539 persons, non-white and non-black, were excluded from the study population.

gram. Four types of infarction (atherothrombotic, la-
cunar, embolic, and of unspecified origin) and two
types of hemorrhage (parenchymatous and subarach-
noid) are recognized.

Risk Factors

As part of a detailed medical history interview, data
on the following risk factors for stroke were collected:
hypertension, diabetes, and coronary heart disease.
History of hypertension was determined from the pa-
tient or family’s report of diagnosis or treatment, or
from previously recorded pressures of greater than 160
systolic or 95 diastolic. History of diabetes mellitus
was determined by previous treatment or from records
of a distinctly abnormal fasting blood sugar level and/
or glucose tolerance test. History of coronary heart
disease was considered positive if any of the following
conditions were found: angina pectoris, coronary in-
sufficiency, myocardial infarction, congestive heart
failure or cardiac arrhythmia. History of these condi-
tions was determined according to definitions provided
by the Pilot Stroke Data Bank.®

Results

Between January 1, 1980 and December 31, 1980,
160 residents of the study area had a stroke and were
hospitalized. Eighty-seven percent (139 cases) had
their first stroke in 1980. Fifty-six percent (89 cases)
were female and sixty-seven percent (107 cases) were
black.

Annual Incidence

Based on the 139 first strokes, the crude incidence
rate was 135 per 100,000 persons, 144 per 100,000 for
blacks and 121 per 100,000 for whites. The incidence
rates rose steeply with age. Among whites, the age
specific incidence rates for males were always higher
than those of females (table 2). Age-adjusted incidence
rates were 159 per 100,000 persons, both races, 109
and 208 per 100,000, for whites and blacks, respec-
tively (indirect method of adjustment, standard rates
obtained from the National Survey of Stroke?®). Black
females had the highest age-adjusted incidence rate.

The 160 cases were classified as infarctions [athero-
thrombotic (6%), embolic (26%), lacunar (13%), and
of unspecified origin (40%)], hemorrhages [parenchy-

matous (8%) and subarachnoid (6%)], and a small
group of unidentified type (1%) (table 3).

Diagnostic Support

CT scans were part of the diagnostic examinations
for 80% of the cases. CT scans were performed on all
cases with hemorrhagic stroke, on 89% of the athero-
thrombotic infarction cases, and on 75% of the patients
with infarctions of unspecified origin. Initial CT scans
were normal in half of this latter group and in 63% of
lacunar cases. Arteriographic studies were performed
in 37% of the 160 cases, almost always after the CT
scan had failed to clarify the stroke type. Other labora-
tory studies were either normal or non-contributory.
Overall, 38% (61 cases) received one or more EEG
studies, the frequency varying by diagnostic subtype
from a low of 15% for infarctions of unspecified origin
to a high of 60% for the lacunar infarct cases. Oculo-
plethysmography, static brain scans, dynamic brain
scans, lumbar puncture and Doppler studies were per-
formed infrequently, in 11%, 10%, 8%, 8%, and 7%
of the patients, respectively.

The diagnosis of atherothrombosis was based en-
tirely upon a positive angiogram, all 9 cases showing
occlusion of a major artery. The 42 cases of embolism
included cases with both cardiac and extracranial arte-
rial source, and they were diagnosed by a variety of
criteria (table 4). In a substantial number of cases diag-
nosed as embolism (12/42) the basis for the diagnosis
was ‘‘Clinical Grounds.’’ This implied the sudden on-
set of a focal deficit in the distribution of a branch of a
cerebral artery, associated with laboratory data that
were either non-diagnostic (7 cases) or not available (5
cases). This group of cases should be labelled as
‘‘probably’’ or ‘‘possibly’’ embolic in nature, since
positive documentation of such etiology was not ob-
tained. Included in this category were 4 cases with
cardiac embolic source, as well as 3 others with an
angiographically patent intracranial branch in whose
distribution the clinical deficit occurred. The latter
situation is considered compatible with embolism, as
the unstable embolic material frequently undergoes
early fragmentation and distal migration (with re-
opening of previously occluded branch), a phenom-
enon not known to occur in arterial occlusions of ath-
ero-thrombotic nature.® The diagnosis of lacunes was
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TABLE 2 Number of Cases and Incidence* Rates for Stroke, South Alabama Study Population, 1980
White
Male Female Total
number of strokes number of strokes number of strokes
Incidence Incidence Incidence
Age All First rates All First rates All First rates
20~-54 5 4 49 4 3 35 9 7 42
55-64 5 5 274 6 5 233 11 10 252
65~74 8 7 541 6 6 365 14 I3 442
75+ 11 10 1,385 8 8 719 19 18 981
All ages 29 26 24 22 53 48
Crude rate 136 107 121
Age-adjusted ratet 139 88 109
Biack
Male Female Total
number of strokes number of strokes number of strokes
Incidence Incidence Incidence
Age All First rates All First rates All First rates
20-54 7 3 32 9 8 64 16 H 50
55-64 14 13 566 19 18 712 33 31 642
65-74 16 14 1,106 19% 16 957 35 30 1,021
75+ 5% 3 482 18 16 1,824 23 19 1,268
All ages 42 33 65 58 107 91
Crude rate 110 174 144
Age-adjusted ratet 172 236 208

*Rate of mmtial strokes per 100,000 persons.

+Age-adjusted rates based on the NINCDS National Survey of Stroke,® indirect method.
$One case had unknown prior stroke history in each of these categories.

based on the highly characteristic clinical picture,
and in only 4 cases by positive CT scan. The category
of infarction of unspecified origin contained 64 pa-
tients, 13 of whom had no laboratory studies. Among
the remaining 51 cases, 28 had abnormalities noted on

the CT scan or angiogram; however, the mechanism
for the ischemia could not be determined from the
radiologic abnormalities or the clinical details of the
stroke onset, general and neurological examination,
and associated medical illness. The same problem

TABLE 3 Overall Incidence Rates* for Stroke by Diagnostic Category, Race and Sex South Alabama Study Population, 1980

Diagnosis
Athero- Unspecified Parenchy-
thrombotic origin Embolic Lacunar matous Subarachnoid
Totalt infarction infarction infarction infarction hemorthage  hemorrhage
All cases 160(100)t 9(6) 64(40) 42(26) 20(13) 13(8) 9(6)
crude rate 282.4 15.9 113.0 74.1 35.3 229 15.9
White
male number 29(100) 0 9(31) 12(41) 51N 27 0
rate 242.7 0 75.3 100.4 41.8 16.7 0
female number 24(100) 0 10(42) 6(25) 2(8) 1(4) 3(13)
rate 177.3 0 73.9 43 14.8 7.4 22.2
Black
male number 42(100) 5(12) 13(31) 15(36) 410) 5(12) 0
rate 307.5 36.6 95.2 109.8 29.3 36.6 0
female number 65(100) 46) 32(49) 9%(14) 9(14) 5(8) &9)
rate 371.2 22.8 182.8 51.4 51.4 28.6 343

*All strokes per 100,000 persons aged 20 and over.

tIncludes 139 initial stroke cases, 19 recurrent stroke cases, 2 cases with unknown CVD history. Three cases which had other stroke
diagnoses are in the total but not listed by diagnosis.
$Numbers in parentheses are the proportions of cases in each diagnostic category.
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TABLE 4 Criteria for Diagnosis of Embolism

Method Number of Cases
Autopsy 2
Angiography 15
alone ()]
abnormal CT Scan (10)
Abnormal CT scan* 13
alonet (10)
normal angiogrami €))
Clinical grounds$ 12
normal CT scan )
normal angiogram 3
no laboratory results (5)
42 cases

*Area of infarction (low attenuation) in distribution of subdivi-
sion (branch) of intracranial artery.

Tincludes 8 cases with atrial fibrillation, and 2 cases of sudden
focal stroke in a young adult.

tAngiographically patent branch supplying area of CT-demon-
strated infarct.

§Includes 4 cases with cardiac source.

arose in attempts to determine the mechanism of ische-
mia responsible for the 23 patients with negative an-
giograms or CT scans. Twenty-one of these 23 patients
had only a single CT scan study, all performed within 3
days of onset.

Age, Sex, and Race

The average age of patients differed greatly among
stroke subtypes and between race/sex groups. Consid-
ering the six major stroke subtypes, subarachnoid
hemorrhage patients were youngest (average age 55
years) while patients with infarctions of unspecified
origin were oldest (average 70 years). Black males and
females were on the average, the same age or younger
than their white counterparts for each subtype, except
for parenchymatous hematoma, which occurred in
only one white female (table 5).

The category subarachnoid hemorrhage was com-
posed entirely of females. For other subtypes of stroke,
sex differences were less extreme. Incidence of embol-
ic infarctions in males was twice that observed for
females, regardless of race. Blacks had higher inci-
dences than whites for all stroke subtypes (table 3).

Risk Factors for Stroke

A history of hypertension was more frequent in
blacks (74% compared with 41% of whites) as was
diabetes mellitus (27% versus 18%). In every stroke
subtype more blacks had history of hypertension than
whites. Despite the close association observed be-
tween history of hypertension and diabetes (27 out of
98 hypertensives in this study were also diabetic), only
one patient out of 21 with a diagnosis of hemorrhage
was diabetic, despite 15 of the 21 being hypertensive.

Among the subtypes of infarction, regardless of
race, lacunar infarct cases had the largest frequency of
hypertension, while those with embolism had the least.

Information concerning a history of coronary heart
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disease (angina pectoris, coronary insufficiency, myo-
cardial infarction, congestive heart failure or cardiac
arrthythmias) was available on 129 of the patients.
Those with embolic infarction had the highest rate of
previous heart disease (51%) whiie those with sub-
arachnoid hemorrhage had the lowest (11%).

Follow-up

Data was available for most patients in this study up
to June 1983, over two years beyond the end of the
study period. Most deaths occurred within three
months from onset of stroke. The majority of these
deaths (89%) occurred in the hospital, the underlying
cause attributed to stroke in 77%. Subarachnoid hem-
orrhage was fatal for six of nine cases within two
weeks of onset. Five of 13 parenchymatous hemor-
rhage cases died, four in the first week. The case
fatality rates among infarction patients were lower,
ranging from 10% among lacunar infarction cases to a
high of 33% among the cases with atherothrombotic
infarction. Level of consciousness on first neurologi-
cal examination was related to survival: 80% in coma
died, compared with death in only 11% of those re-
sponsive, based on 90 patients tested.

Case fatality rates were determined for the first 30
days, 90 days, and one year. In the first 30 days, 35
patients died (22%). By 90 days, three more had died,
yielding a three month fatality rate of 24%. Nine addi-
tional patients died by the end of the first year after
their stroke, for a one year fatality rate of 29%.

Discussion
Incidence Rates

The data in the present study argue against the exis-
tence of a *‘Stroke Belt’’ in south Alabama, as the age
specific incidence rates for whites are comparable to
those from the National Stroke Survey?® and recent Eu-
ropean reports.''-'2 They are lower than those for
Rochester, Minnesota, "’ except in the age group 45-54
years. They are lower than those of Evans County' for
both races. South Alabama rates are comparable to the
Mid-Missouri* rates for whites, while for blacks, south
Alabama rates are higher in the under 55 and 55 to 64
age intervals. South Alabama rates also approximate
age specific rates for blacks in the Harlem study' al-
though the latter were higher in the under 45 age
group. Information on racial differences in the United
States is now over a decade old." * ' Changes in meth-
ods of diagnosis since that time may be responsible for
some of the differences noted, as might the decline in
stroke incidence,' which has probably occurred na-
tionally. We believe it is unlikely that our figures of
stroke incidence are artifactually low due to in-
complete case ascertainment. As detailed in the
‘““Methods’’ section, case ascertainment was conduct-
ed through a rigorous process of patient identification
followed by all participating hospitals, and it is im-
probable that hospitalized cases were missed. Howev-
er, no capturing mechanism existed for cases of stroke
that may have not been admitted to a hospital or who
were never seen by a physician, and this may have
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Diagnosis
Athero- Unspecified Parenchy-
thrombotic origin Embolic Lacunar matous Subarachnoid

Total infarction infarction infarction infarction hemorrhage  hemorrhage Other
All cases 67(160)* 62(9) 70({64) 68(42) 64(20) 60(13) 55(9) 65(3)
White 69(53) 0 71(19) 70(18) 65 () 66 (3) 57(3) 65(3)
male 68(29) 0 65 (9) 70(12) 65 (5) 73 (2) 0 70(1)
female 70(24) 0 77(10) 72 (6) 64 (2) 53 () 57(3) 62(2)

Black 66(107) 62(9) 70(45) 67(24) 63(13) 59(10) 54(6) 0

male 64(42) 65(5) 65(13) 65(15) 64 (4) 58 (5) 0 0

female 67(65) 59(4) 72(32) 71 (9) 63 (9) 60 (5) 54(6) 0

*Number of cases is in parentheses.

accounted for missing cases of new stroke during the
study period. The occasional instance of a stroke of
such mild or transient character that allows for total
care at home without the participation or knowledge of
a health professional could have escaped detection by
the methods used in this study. An estimation of the
size of such sample of patients cannot be provided by
the present study, and the conclusions achieved should
thus apply to hospitalized cases of stroke.

Sex differences'® are evident in subarachnoid hem-
orrhage where females predominate, but not in cere-
bral hemorrhage. Cerebral infarctions occur more in
men (1.45:1), based on European, Japanese and north-
ern U.S. studies. Studies of blacks in the U.S. have
generally reported no differences between the sexes in
incidence for all types of strokes combined,’ * ' but
have either had too few cases or insufficient diagnostic
information to report on differences by stroke subtype.
Compared with black females, black males in the pres-
ent study suffered over twice the rate of embolism, and
experienced slightly more frequent parenchymatous
hematoma and atherothrombotic infarction.

While the sex ratios for stroke among whites in
southern regions of the U.S. has been reported to be as
much as 3.55:1 for men,' the south Alabama study
observed a sizeable although lower sex ratio of 1.58:1
(based on age-adjusted rates).

Risk Factors

The prevalence of hypertension in the U.S. is esti-
mated to be about 30% for blacks and 20% for whites
(age 18-74)," figures which were exceeded for ail
stroke types with the possible exception of embolic
infarction.

The association between diabetes mellitus and cere-
bral infarction has been noted in the Framingham
study,’® but this relationship could not be ascertained
satisfactorally in the present study due to small num-
bers.

Mortality Rates

Our 3-month mortality rate of 24% is lower than the
30% to 36% reported in prior studies from Western
countries®> ' and the 53% (males) to 68.2% (fe-
males) rates found in Shibata, Japan.” The extremely

high mortality figures from the latter report are in part
explained by the higher frequency of the poor prognos-
tic group of hemorrhagic strokes (intracerebral and
subarachnoid). A ratio of 2:1 for non-hemorrhagic:
hemorrhagic stroke subtypes was found in the Japa-
nese study, while those ratios are in the 6:1 to 5.5:1
range in most studies reported from Western coun-
tries.® 'l 12.14.18.19.22 The differences in mortality rate
between our study and others reported from Europe'®
and the United States® '* are substantial and they are
not explained by differences in the relative frequency
of hemorrhagic and non-hemorrhagic subtypes. A low
in-hospital mortality rate comparable to ours (19%)
has been recently reported by Yatsu et al*' from analy-
sis of 3,500 stroke cases from 3 communities in the
United States. Itis conceivable that the lower mortality
figures found in their study and ours represent a new
trend towards better vital prognosis for patients hospi-
talized with stroke, perhaps as a result of modern ag-
gressive medical and surgical management of stroke
patients.

Diagnosis Subtypes

The frequency of the two large categories of ische-
mic and hemorrhagic strokes is essentially identical to
that reported in previous studies.® ® 22 However,
within the broad category of ischemic strokes, the four
subtypes recognized in this study include not only
thrombosis and embolus, but also lacunar infarction
and infarction of unspecified origin. The existence of a
large category of infarctions of unspecified origin is
not simply a lack of diagnostic inquiry, as 83% of
patients in the study underwent CT scan or angiogram
or both. Instead, the group reflects the difficulties en-
countered in attempting to distinguish four subtypes of
stroke among a group of cases formerly labelled either
thrombotic or embolic stroke. In most earlier stud-
ies,"* a diagnosis of thrombosis or embolism was
made largely on clinical criteria. In recent years, the
category of infarction of unspecified origin has been
created to account for those cases whose mechanism
for ischemic damage is uncertain. The obvious reason
for classification to this stroke subtype applies to the
26% of our cases without laboratory studies. In another
31%, the timing of the studies was not favorable to
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demonstrate the lesions, either because the CT scan
was performed on the day of onset of the stroke, or the
angiogram was performed beyond the first few days,
during which time most embolic occlusions cannot be
documented angiographically.?? However, in the re-
maining 43%, although the studies were done in a
timely fashion, they either failed to yield a diagnostic
abnormality or the available clinical and laboratory
data did not permit a reliable diagnosis of the stroke
subtype. This last group confounds current efforts to
make an accurate diagnosis of stroke subtypes and
remains a major problem in clinical and epidemiologic
research.

In this study, only those cases whose angiograms
demonstrated large artery stenosis or occlusion were
diagnosed as atherothrombosis, a requirement that
yielded a low 6% of cases for this diagnosis. Other
cases of ischemia were labelled as ‘infarction of un-
specified origin’ on account of any of the following:
angiograms showing no large artery stenosis or occlu-
sion; angiographic abnormalities present in vascular
territories not relevant to the clinical presentation;
studies inconclusive or not performed at all. These
findings suggest the category of thrombosis may have
been over-used in the past as a convenient category for
almost all cases of ischemia having no obvious cardiac
source. In an effort to reconcile our data with the high
frequency of atherothrombosis diagnosed in the
past,' * 13 2 we reclassified our patients. First, the 21
cases of lacunar infarction were added, since earlier
classifications of stroke lumped such cases under a
category of thrombosis. Then the 64 cases of infarction
of unspecified origin were arbitrarily reclassified using
purely clinical criteria, which yielded another 38 cases
for thrombosis, based simply on advanced age or the
presence of diabetes mellitus. These two changes
raised the total attributed to thrombosis due to athero-
sclerosis to 67. This recalculated frequency of 42%
approaches the high rates for thrombosis which have
been reported elsewhere. However, it must be empha-
sized that in only 8 of these 67 cases was the mech-
anism of large artery atherothrombotic disease doc-
umented. This finding has potential therapeutic
implications as it suggests large artery atherothrombus
occurs at a far lower frequency than that inferred in
earlier classifications.

There are no previous reports of the incidence of
lacunar infarction. The frequency of lacunar infarction
is difficult to compare as well, since it has been recog-
nized heretofore only in one publication which report-
ed hospital-based stroke registry data.? In that study,
largely on clinical criteria, 13% were labelled as la-
cunes, a figure comparable to the present study. The
value of CT scanning in demonstrating the lesions has
been recently documented.?- 25 but many forms of la-
cunes remain a clinical diagnosis only, due to their
small size and inability to be visualized by current CT
scanners. Future developments in scanning may im-
prove the laboratory support for this diagnosis.

The high frequency of embolism (26%) is compara-
ble only with the earlier findings of the Harvard Stroke
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Registry,” which used similar criteria for diagnosis of
this stroke subtype. By contrast, using more traditional
criteria, Wolf et al'® reported embolism in 15% of the
strokes (41 of 168) from Framingham. Yet the propor-
tion of ischemic strokes, of which embolism is a part,
in Framingham (83%) was similar to that of South
Alabama (86%). Although the higher frequency of
embolism in south Alabama could be attributed simply
to arbitrary differences in definitions and to geographic
variation, we suspect it also reflects the impact of
improvements in diagnostic techniques: 76% of our
cases were diagnosed by combined radiographic and
clinical criteria.

Subclassification of ischemic infarctions poses a
major diagnostic challenge to the clinician, and tradi-
tion might encourage one to circumvent these difficul-
ties, particularly for epidemiologic studies, by resort-
ing to the simplistic thrombus/embolus dichotomy.
However, spurred on by increasingly sophisticated and
informative diagnostic methods, current trends in
clinical research are aimed at refinement of diagnosis,
leading to identification of subgroups of patients with
similar stroke mechanisms to be selected for therapeu-
tic or rehabilitative intervention and prevention stud-
ies. To adequately assess the possible benefits of such
studies comparably classified epidemiologic reports
are needed. We intend this to be one of the first such
reports.

Acknowledgments

The authors are indebted to Ms. Alicia G. Parra for invaluable help in
data entry and retrieval. We are grateful to the following physicians for
their support of the project through patient referrals and entry into the
study: Rayford A. Smith, Jr., M.D., Carl W. Martens, M.D., J. Timo-
thy Jones, M.D., A. Grayson Simmons, M.D., Woodrow W. Eddins,
M.D., Francis E. Nicholas, M.D., H. Hardy Downing, M.D., Jack M.
Whetstone, M.D. and George E Esham, M.D. (Monroeville, Ala-
bama); C.R. Barksdale, HI, M.D., Michael L. McBrearty, M.D., K.
Stanley Self, M.D., Robert H. Johnson, M.D., Robin E. Murray,
M D., L.E. Rockwell, Ir., M.D., F.H. Dietz, Jr., M.D. and Rhett P,
Walker, M.D. (Fairhope, Alabama).

This study was supported by National Institutes of Health Contract
No. 1-NS-8-2379.

References

1. Heyman A, Karp HR, Heyden S, Bartel A, Cassel JC, Tyroler HA,
Comoni J, Hames CG, Stuart W: Cerebrovascular disease in the
biracial population of Evans County, Georgia. Stroke 2: 509-518,
1971

2. Kuller LH, Bolker A, Saslaw MS, Paegel BL, Sisk C, Borhani N,
Wary JA, Anderson H, Peterson D, Winkelstein W, Cassel J,
Spiers P, Robinson AG, Curry H, Lilienfeld AM, Seltser R: Na-
tionwide cerebrovascular disease mortality study. 1. Methods and
analysis of death certificates. Am J Epidemiol 90: 536-544, 1969

3. Kuller L, Anderson H, Peterson D, Cassel J, Spiers P, Curry H,
Pacgel B, Saslaw M, Sisk C, Wilber J, Millward D, Winkelstein
W, Lilienfeld A, Seltser R: Nationwide cerebrovascular disease
morbidity study. Stroke 1: 86-99, 1970

4. Eckstrom PT, Brand FR, Edlavitch SA, Parrish HM: Epidemiol-
ogy of stroke in a rural area: second year of the Mid-Missouri
survey. Public Health Reports 84: 878-882, 1969

5. Heyman A, Fields WS, Keating RD: Joint study of extracranial
arterial occlusion. VI. Racial differences in hospitalized patients
with ischemic stroke. JAMA 222: 285-289, 1972

6. Kunitz SC, Gross CR, Heyman A, Kase CS, Mohr JP, Price TR,
Wolf PA: The pilot stroke data bank: definition, design, and data.
Stroke (in press)

7. World Health Organization: Cerebrovascular diseases — Preven-



2202 ‘€T YoLe |\ uo Aq Bio'sfeuinoleue//:dny woly papeojumod

STROKE IN SOUTH ALABAMA/Gross et al 255

tion, treatment, and rehabilitation. Technical Report Series No.
469, Geneva, World Health Organization, 1971

8. Robins M, Baum HM: Incidence. In The National Survey of
Stroke. Stroke 12: Supplement 1, pp 45-57, 1981

9. Fisher CM, Adams RD: Observations on brain embolism with
special reference to the mechanism of hemorrhagic infarction. J
Neuropathol Exp Neurol 10: 92-94, 1951

10. Fisher CM: Lacunes: Small, deep cerebral infarcts. Neurology
(Minneap) 15: 774-784, 1965

11. Herman B, Schulte BPM, van Luijk JH, Heyten ACM, Franken
CWGM: Epidemiology of stroke in Tilburg, the Netherlands. The
population-based stroke incidence register: 1. Introduction and pre-
liminary results. Stroke 11: 162-165, 1980

12. Hansen BS, Marquardsen J: Incidence of stroke in Fredenksberg,
Denmark. Stroke 8: 663665, 1977

13. Matsumoto N, Whisnant JP, Kurland LT, Okazaki H: Natural
history of stroke in Rochester, Minnesota; 1955 through 1969: An
extension of a previous study, 1945 through 1954. Stroke 4: 20—
29, 1973

14. Bruun B, Richter RW: The epidemiology of stroke in central Har-
lem. Stroke 4: 406408, 1973

15 Garraway WM, Whisnant JP, Furlan AJ, Phillips LH, Kurland LT,
O’Fallon WM: The declining incidence of stroke. New Engl J Med
300: 449452, 1979

16. Haberman S, Capildeo R, Rose FC: Sex differences in the inci-
dence of cerebrovascular disease. J Eptdemiol and Community
Health 35: 45-50, 1981

17. Roberts J, Maurer K: Blood pressure of persons 6-74 years of age

in the United States, Advance data from Vital and Health Statistics
1: National Center for Health Statistics, 1976

18. Wolf PA, Dawber TR, Thomas HE, Colton T, Kannel WB: Epide-
miology of stroke In Advances in Neurology. Vol 16, Thompson
RA and Green JR (eds): New York, Raven Press, pp 5-19. 1977

19. Herman B, Leyten ACM, van Luijk JH, Frenken CWGM, Op de
Coul AAW, Schulte BPM: Epidemiology of stroke in Tilburg, The
Netherlands. Stroke 13: 629-634, 1982

20. Tanaka H, Ueda Y, Date C, Baba T, Yamashita H, Hayash1 M,
Shojt H, Owada K, Baba K-I, Shibuya M, Kon T, Detels R:
Incidence of stroke in Shibata, Japan: 1976-1978. Stroke 12: 460—
466, 1981

21. Yatsu FM, Coull BM, Toole JF, McElroy K, Feibel JH, Springer
C, Walker MJ: Regional stroke survey: Demography and outcome.
Stroke 13: 124, 1982 (Abstract)

22. Mohr JP, Caplan LR, Melski JW, Goldstein RJ, Duncan GW,
Kistler JP, Pessin MS, Bleich HL: The Harvard cooperative stroke
registry: A prospective registry. Neurology 28: 754-762, 1978

23. Aring CD, Merritt HH- Differential diagnosis between cerebral
hemorrhage and cerebral thrombosis. Arch Int Med 56: 435456,
1935

24. Dalsgaard-Nielsen T: Survey of 1,000 cases of apoplexia cerebri
Acta Psychiatr Neurol Scand 30: 169-185, 1955

25. Rascol A, Clanet M, Manelfe C, Guiraud B, Bonafe A: Pure motor
hemiplegia: CT study of 30 cases Stroke 13: 11-17, 1982

26. Donnan GA, Tress BM, Bladin PF: A prospective study of lacunar
infarction using computerized tomography. Neurology (Ny) 32:
49-56, 1982

Declining Incidence and Mortality of Stroke?

MEervi KoTtiLa, M.D.

SUMMARY The incidence and mortality from stroke in Espoo-Kauniainen, Finland, in 1972-73 were
compared to the incidence and mortality from stroke in the same area 1978—80. The factors at the acute
stage influencing case fatality were also analyzed. A declining trend in age-adjusted incidence of stroke was
observed, though failing to reach statistical significance. The greatest decline was seen in the incidence of
cerebral hemorrhage in men, with a statistically significant difference. The incidence of subarachnoid
hemorrhage also decreased, and in women the decline was significant. There was no decrease at all of the
incidence of cerebral infarction. The total mortality displayed no clear declining trend. However, the
mortality from cerebral hemorrhage after three months from stroke had gone down from 72 % to 59%. The
most important factors responsible for increased case fatality were: lowered level of consciousness, cerebral
hemorrhage and old age. The case fatality was also higher for women than for men. Previous heari diseases
increased the mortality, but hypertension, diabetes, pure myocardial infarction and previous transient
ischaemic attacks had no influence on mortality. The cause of decline in the incidence of cerebral hemor-
rhage might be improved care of hypertension: the decline in the incidence of subarachnoid hemorrhage

however remains unclear.

MANY REPORTS ARE FOUND in the literature on
the declining incidence and mortality of stroke.'™ This
has mostly been attributed to improved care of hyper-
tension, which is the most important risk factor of
stroke. In a recent report,’ about one fifth of the Finn-
ish population had hypertension. Espoo and Kaun-
iainen, two towns in South Finland were an object for a
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stroke register from st January 1972 to 31st December
1973.7 The mean population during the study period
was 113,000 (means of the January 1, 1972 and Janu-
ary 1, 1973 figures). The total incidence of stroke was
126.5 per 100,000 annually and if only new cases are
included, 107.8 per 100,000 annually. The mortality
after three months from stroke was 40%.

The purpose of the present study was twofold: first-
ly, to compare the incidence and mortality of stroke
with those reported in the study of Aho.” Therefore, a
stroke register was kept in the same area during 1978—
80. The second aim was to analyze the factors at the
acute stage influencing the case fatality.



