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Stroke Incidence among White, Black, and Hispanic Residents of an Urban
Community

The Northern Manhattan Stroke Study

Ralph L. Sacco,1 3 Bernadette Boden-Albala,2 Robert Gan,2 Xun Chen,24 Douglas E. Kargman,2

Steven Shea,35 Myunghee C. Paik,4 W. Allen Hauser,1"3 and the Northern Manhattan Stroke
Study Collaborators

Stroke mortality is reported to be greater in blacks than in whites, but stroke incidence data for blacks and
Hispanics are sparse. The aim of this study was to determine and compare stroke incidence rates among
whites, blacks, and Hispanics living in the same urban community. A population-based incidence study was
conducted to identify all cases of first stroke occurring in northern Manhattan, New York City, between July
1, 1993, and June 30, 1996. The population of this area was approximately 210,000 at that time, based on
1990 US Census data. Surveillance for hospitalized and nonhospitalized stroke consisted of daily screening of
all admissions, discharges, and computed tomography logs at Columbia-Presbyterian Medical Center, the
only hospital in the region, and review of discharge lists from outside hospitals, telephone surveys of random
households, and contacts with community physicians, Visiting Nurses' Services, and community agencies.
Stroke incidence increased with age and was greater in men than in women. The average annual age-adjusted
stroke incidence rate at age >20 years, per 100,000 population, was 223 for blacks, 196 for Hispanics, and
93 for whites. Blacks had a 2.4-fold and Hispanics a twofold increase in stroke incidence compared with
whites. Cerebral infarct accounted for 77 percent of all strokes, intracerebral hemorrhage for 17 percent, and
subarachnoid hemorrhage for 6 percent. These data from the Northern Manhattan Stroke Study suggest that
part of the reported excess stroke mortality among blacks in the United States may be a reflection of
racial/ethnic differences in stroke incidence. Am J Epidemiol 1998;147:259-68.
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US public health statistics have shown stroke mor-
tality to be substantially greater among blacks than
among whites (1-3). Similarly, national surveys and
other recent studies have noted differences in stroke
mortality rates between Hispanics and non-Hispanic
whites, and even within Hispanic subgroups (4, 5).
Population-based stroke incidence studies such as
those from Framingham, Massachusetts (6), Roches-
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ter, Minnesota (7), and the Lehigh Valley (Pennsylva-
nia/New Jersey) (8) have contributed important infor-
mation about stroke trends, subtypes, risk factors, and
incidence rates in men and women. These studies,
however, have been conducted among predominately
white populations. Only recently have epidemiologic
studies begun to focus on differences in stroke inci-
dence between racial/ethnic groups, especially rates
for blacks, and few data regarding stroke risk in His-
panics have been available (9-12). Older hospital-
based discharge data from northern Manhattan have
suggested not only that blacks appear to be at higher
risk of stroke than whites but Hispanics likewise ap-
pear to be at greater risk (13).

The growth in the population of blacks and Hispan-
ics in the United States, along with preliminary reports
of an excess stroke risk in these racial/ethnic groups,
make them important targets for preventive health
programs. While it is clear that some evidence dem-
onstrates differences in stroke incidence between
whites, blacks, and Hispanics, definitive differences in
stroke incidence can best be measured by comparing
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racial/ethnic groups from the same population or com-
munity. Such a community-based methodology helps
to minimize bias, since all three racial/ethnic groups
would reside in the same area, have similar socioeco-
nomic status distributions, and share access to similar
health care institutions. Thus, the aim of this prospec-
tive population-based study was to compare the inci-
dence of stroke among whites, blacks, and Hispanics
aged 20 years or more living in a single community.

MATERIALS AND METHODS

The Northern Manhattan Stroke Study (NOMASS)
is an ongoing, prospective, population-based incidence
and case-control study designed to determine stroke
incidence, risk factors, and outcomes in a multiethnic
urban population. Northern Manhattan consists of the
area of New York City north of 145th Street, south of
218th Street, bordered on the west by the Hudson
River, and separated from the Bronx on the east by the
Harlem River. Zip codes for the northern Manhattan
incidence study included 10032, 10033, 10034, and
10040. In 1990, the population consisted of nearly
210,000 residents (14).

Identification of subjects

Starting in 1993, subjects eligible for the incidence
study were identified. Potential subjects were enrolled
in the study if they: 1) were diagnosed with a first
stroke between July 1, 1993, and June 30, 1996; 2) had
resided in northern Manhattan for at least 3 months;
and 3) were at least 20 years of age. Patients with
transient ischemic attack (i.e., neurologic deficits last-
ing less than 24 hours and no stroke found upon brain
imaging) were excluded.

An ongoing active surveillance program was used to
ascertain all cases of hospitalized and nonhospitalized
incident stroke in northern Manhattan. The Columbia-
Presbyterian Medical Center (CPMC) is the only hos-
pital in the region, and Statewide Planning and Re-
search Cooperative System data have indicated that
approximately 80 percent of all patients with stroke
were hospitalized at CPMC (13). To capture these
hospitalized stroke cases, we reviewed daily lists of all
admissions, discharges, and computed tomography
logs at CPMC each day. Patients with a diagnosis of
stroke, cerebrovascular accident, subarachnoid hemor-
rhage, or intracerebral hemorrhage, as well as those
with a diagnosis of transient ischemic attack, aphasia,
hemiparesis, weakness, coma, syncope, change in
mental status, carotid artery stenosis, headache, sei-
zure, loss of consciousness, weakness, dizziness, or
vertigo, were screened for diagnosis of a first stroke
through medical record review in all cases and through

telephone contact with the treating physician or an
interview with the patient. Additionally, the consulting
neurologist on duty provided study staff with a com-
plete list of the day's stroke admissions and consulta-
tions. All potential cases were then discussed with a
study neurologist to confirm subject eligibility. Pa-
tients who suffered a fatal stroke and those who died
soon after stroke onset were included. Patients with a
clinical diagnosis of acute stroke who were dead upon
arrival at the emergency room were reflected in the
admission lists. Information regarding these patients
was obtained through the CPMC Emergency Depart-
ment and through the Medical Examiner's office in the
New York City Department of Health.

Subjects were also identified through discharge lists
obtained from 14 hospitals outside the immediate re-
gion. These hospitals were targeted using data from
the Statewide Planning and Research Cooperative Sys-
tem, which confirmed the annual number of northern
Manhattan residents seen at other hospitals with a
diagnosis of stroke. Primary outside hospitals were
defined as those admitting five or more stroke patients
from northern Manhattan annually, while those that
identified less than five stroke cases annually were
labeled secondary outside hospitals. Primary hospitals
included St. Luke's Hospital, Roosevelt Hospital,
Mt. Sinai Medical Center, Harlem Hospital Center,
Montefiore Medical Center, and St. Barnabas Hospi-
tal. Secondary hospitals included New York Hospital,
New York Downtown Hospital (Beekman), Cabrini
Hospital, Beth Israel North Hospital, Lenox Hill Hos-
pital, Metropolitan Hospital, Bellevue Hospital, and
St. Joseph's Hospital. The relevant institutional review
boards approved the research protocol. Monthly dis-
charge lists of northern Manhattan residents with a
primary, secondary, or tertiary diagnosis of stroke
(International Classification of Diseases, Ninth Revi-
sion (15), codes 430-438, 446, and 447) were re-
viewed by the NOMASS project staff, and medical
records at the individual hospitals were abstracted.
Eligible patients from primary hospitals were invited
for in-person enrollment.

Ongoing community-based surveillance systems
were also developed to enumerate nonhospitalized
incident strokes. A list of all community physicians
in the area, both CPMC-affiliated and non-CPMC-
affiliated, was compiled using lists from the CPMC
Planning Department and Public Affairs Office; from
the New York State Department of Education, which
licenses physicians; from the American Medical As-
sociation; and from a NOMASS database of parti-
cipants' primary physicians. After review, a list of
physicians was identified on the basis of medical
specialty, areas of interest, and types of patients
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treated. Some of the medical specialty areas included
in this list were neurology, internal medicine, cardiol-
ogy, family practice, and ophthalmology. These phy-
sicians were contacted through multiple surveys and
follow-up telephone calls over the 3-year study period.
Additionally, contact with Visiting Nurses' Services
of New York City was also established. After institu-
tional review board approval had been obtained from
Visiting Nurses' Services, all northern Manhattan res-
idents with a diagnosis of stroke for whom a referral
for nursing, home health care, physical therapy, or
occupational therapy services had been made were
identified. Patients were sent notification by Visiting
Nurses' Services that the NOMASS staff would be
calling them unless otherwise advised by the patient.
This list was then sent to the NOMASS project office,
and the patients were screened for eligibility with a
project neurologist, counted in the incidence data, and
invited to an in-person interview.

Another technique used for the ascertainment of
incident strokes was random digit dialing (16). This
service was provided by Audits and Surveys, Inc.
(Langhorne, Pennsylvania), a survey research firm,
using trained interviewers who were bilingual in En-
glish and Spanish. Both published and unpublished
telephone numbers were randomly generated using
dual frame sampling, and interviews were conducted
to determine stroke status. Among the households
identified through this methodology, 86 percent
agreed to participate in the telephone survey. The
telephone responders were asked a set of questions to
determine eligibility, including a question regarding
whether they had ever had a stroke. Those who re-
sponded "yes" to this question were referred to a study
neurologist, who validated the diagnosis of stroke
through extensive questioning during follow-up tele-
phone calls. Eligible participants were enrolled, and
written consent to review their hospital records was
obtained.

Finally, direct community outreach strategies were
also utilized to encourage self-referral of stroke pa-
tients who may not have been identified from hospital
reports or by physicians. Ongoing educational lectures
were held at nursing facilities, senior centers, and
community meetings. Stroke screening programs in-
corporating survey instruments and educational mate-
rials for stroke recognition and prevention were also
provided at health fairs sponsored by community or-
ganizations such as churches, local Y's, and cultural
organizations. Local media were used each year to
reiterate stroke warning signs and symptoms, and the
NOMASS telephone number was advertised for self-
reporting of stroke. All lectures, survey tools, and
media materials were bilingual and were approved by

the institutional review board of CPMC. All self-
reported stroke patients were evaluated for eligibility
by the study team and were enrolled when applicable.

Because of the comprehensive nature of our surveil-
lance system, stroke cases were frequently identified
more than once through a number of different sources.
To ensure that no patient was enrolled twice, all cases
were cross-checked according to the patient's medical
record number, Social Security number, birth date, and
name.

Race/ethnicity classification

Data were collected on all incident cases through
medical record review, as well as personal interview
for 67 percent. Sociodemographic data, including age,
sex, and race/ethnicity, were recorded. As in the 1990
US Census (14), race/ethnicity was defined by self-
identification based on a series of interview questions.
Our definitions of race and ethnicity conformed to the
definitions set forth in Office of Management and
Budget published directive 15 (17). These standards
outline a minimum set of racial and ethnic categories
required for use in all federal data collection activities.
Race was defined by six categories: white, black or
Negro, American Indian, Eskimo, Asian or Pacific
Islander, and other. Ethnicity was subdivided as His-
panic or non-Hispanic on the basis of the participant's
answer to the question, "Are you of Spanish/Hispanic
origin?". All participants responding affirmatively as
being of Spanish origin or Hispanic were classified
as such. All participants classifying themselves as
white without any Hispanic origin or black without
any Hispanic origin were classified as white (non-
Hispanic) or black (non-Hispanic), respectively. In
cases wherein the patient was unable to answer ques-
tions due to aphasia, coma, dementia, or another con-
dition, a member of the family or a caregiver (proxy)
who was knowledgeable about the patient's history
was interviewed.

Stroke subtype classification

Patients were classified according to stroke subtype
as having cerebral infarction, intracerebral hemor-
rhage, or subarachnoid hemorrhage. Details of the
patient's medical and neurologic history, including
stroke risk factors, findings from general and neuro-
logic examinations, and results of laboratory studies,
including blood tests, neurovascular Doppler ultra-
sonographs, electrocardiography, and echocardiogra-
phy, were recorded. Computed tomographic scanning
or magnetic resonance imaging was performed in 99
percent of the cases, and this information was used for
stroke subtyping. Patients classified as experiencing
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cerebral infarction had evidence of focal neurologic
symptoms or signs and brain image documentation of
infarction. This classification included infarction due
to extracranial or intracranial atherosclerosis, embo-
lism from a commonly accepted cardiac source, lacu-
nar infarction, cryptogenic infarction, conflicting
mechanisms, and infarction from other unusual causes.
"Intracerebral hemorrhage" included patients with ev-
idence of focal neurologic symptoms or signs and
brain image evidence of intraparenchymal hemor-
rhage. Hemorrhage from trauma or tumor was ex-
cluded. Secondary causes of nontraumatic intraparen-
chymal hemorrhage such as blood dyscrasia or
anticoagulant use, arteriovenous malformation, or cav-
ernous angioma were included. "Subarachnoid hem-
orrhage" included patients with sudden onset of neu-
rologic deficits, headache, neck stiffness, or loss of
consciousness with evidence of subarachnoid blood
upon brain imaging or xanthochromia or red blood
cells in the cerebrospinal fluid upon lumbar puncture.
Cases of traumatic subarachnoid hemorrhage were
excluded.

Computation of incidence rates

Average annual incidence rates were calculated us-
ing the number of first stroke patients in northern
Manhattan who were at least 20 years of age, divided
by the northern Manhattan population aged S:20 years
according to the 1990 US Census (14). Age-specific
rates were calculated for strata defined by sex and
race/ethnicity. Direct age-adjusted rates were esti-
mated using age-specific proportions from the 1990
northern Manhattan census for each sex-race/ethnicity
subgroup. Standard errors of age-adjusted rates were
calculated by fixing the age distributions. Stroke
subtype-specific incidence rates were calculated for
each sex-race/ethnicity subgroup. Relative rates were
calculated using whites as the reference group. Con-
fidence intervals of estimates for log relative rates
were obtained using the delta method, which is used to
calculate the variance of a differentiable function of an
estimator (18).

RESULTS

In 1990, 71 percent of the 210,000 northern Man-
hattan community residents were at least 20 years old;
32,016 (22 percent) of these persons were white,
19,199 (13 percent) were black, and 91,710 (64 per-
cent) were Hispanic (14). Some sociodemographic
characteristics of residents are given in table 1.

Using the full range of surveillance techniques,
2,593 persons were screened between July 1, 1993,
and June 30, 1996 (table 2). A total of 1,931 persons

TABLE 1. Demographic characteristics of residents of
northern Manhattan, New York City, 1990*

Age group (years)
20-24
25-34
35-44
45-54
55-64
65-74
75-84
>85

Race/ethnicity
White
Black
Hispanic

Sex
Female
Male

Educationt
Less than high school
High school diploma
Any college

No.

16,342
37,638
31,611
21,262
13,863
11,251
7,891
3,067

32,016
19,199
91,710

78,527
64,398

57,484
26,636
40,818

%

11
26
22
15
10
8
6
2

22
13
64

55
45

46
21
33

* 1990 US Census data (14). Includes blacks, whites, and His-
panics aged 20 years or more.

t Based on the northern Manhattan population aged 25 years or
more.

were found ineligible, for the following reasons: neu-
rologic symptoms not due to stroke (n = 1,356), prior
stroke (n = 234), previously enrolled (n = 121),
transient ischemic attack (n = 99), not from northern
Manhattan (n = 54), and other (n = 67). During the
3-year study period, the NOMASS surveillance sys-
tem identified 662 incident strokes, of whom 629
patients (95 percent) were hospitalized and 33 (5 per-
cent) were not (table 2). Among the hospitalized
stroke patients, 85 percent were from CPMC, 14 per-
cent were derived from NOMASS outside hospital
surveillance, and less than 1 percent were hospitalized
elsewhere. Community surveillance identified 24 per-

TABLE 2. Screening and surveillance for incident stroke and
enrollment in the Northern Manhattan Stroke Study, July 1,
1993-June 30,1996

Screened Enrolled

Total patients

CPMC* surveillance
Outside hospital surveillance
Visiting Nurses' Services
Telephone audit and survey
Community surveillance

No.

2,593

2,123
186
145
91
48

%

100.0

81.9
7.2
5.6
3.5
1.9

No.

662

532
89
27

3
11

%

100.0

80.4
13.4
4.1
0.5
1.7

1 CPMC, Columbia-Presbyterian Medical Center.
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cent (n = 8) of the nonhospitalized stroke patients,
while the remaining 76 percent (n — 25) were identi-
fied through medical networks such as CPMC surveil-
lance, Visiting Nurses' Services, and outside hospitals.
When a case was identified through multiple sources,
the first source to locate the case was used in surveil-
lance enumeration.

Our community physician survey (response rate =
73 percent; 61/83) indicated that most responding phy-
sicians (87 percent) hospitalized all of their stroke
patients. However, 13 percent (eight physicians) stated
that they sometimes saw nonhospitalized stroke pa-
tients. After reviewing patient information with these
physicians, we identified 20 patients, 15 of whom
were ineligible because their strokes were not first
strokes. The random digit dialing telephone survey
identified 91 individuals who reported having a stroke,
among 14,810 households contacted. After being
screened by a neurologist, 68 of these persons were
confirmed as having had strokes, 61 of them prevalent
strokes. The seven incident stroke patients identified
had all been hospitalized. Four were already enrolled
in the study, and the remaining three were then in-
cluded in the incidence counting.

Mean age at stroke among the incidence cohort was
67.6 ± 1 5 (standard error) years, and 60 percent of the
incidence patients were women. Incident stroke rates
increased with age for both men and women. Overall,
men had greater age-specific stroke incidence rates
than did women. Exceptions were 35- to 44-year-olds
and those over age 85 years, among whom women had
a slightly greater age-specific incidence than men (fig-
ure 1). Blacks and Hispanics consistently demon-

strated higher incidence rates than whites in all age
groups (figure 2). There were racial/ethnic differences
in the mean age of stroke incidence, which was highest
among whites (mean age = 75.6 ± 13.3 years), inter-
mediate for blacks (69.3 ± 13.7), and lowest among
Hispanics (63.2 ± 14.7).

The average annual age-adjusted incidence rate for
stroke among residents aged 20 years or more in
northern Manhattan was greater for blacks and His-
panics than for whites (223 per 100,000 population for
blacks, 196 for Hispanics, and 93 for whites) (figure
3). Among men, blacks and Hispanics had a twofold
increase in age-adjusted relative risk of stroke as com-
pared with whites. Among women, blacks and His-
panics were also found to have at least twice the
incidence rates of stroke as whites (relative risk
(RR) = 2.8 and 2.1, respectively).

Among the incident stroke cases, 77 percent were
cases of cerebral infarction, 17 percent were intrace-
rebral hemorrhage, and 6 percent were subarachnoid
hemorrhage (table 3). Among infarction cases, men
had greater stroke incidence rates than women. The
incidence rates among black and Hispanic men were
similar and were twice as high as those of white men.
Black women had over three times' greater rates of
infarction than white women, while Hispanic women
had a 2.3-fold increased rate (table 4).

Racial/ethnic differences among intracerebral hem-
orrhage incidence rates revealed a different pattern.
Incidence rates among Hispanic men were greater than
those among black men and were almost three times
those of white men (RR = 2.9). Black women had the
highest rate of intracerebral hemorrhage, over three
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FIGURE 1. Average annual age-specific incidence rates of stroke (per 100,000 population) among persons aged >20 years in northern
Manhattan, by sex, July 1, 1993-June 30, 1996.
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FIGURE 2. Average annual age-specific incidence rates of stroke (per 100,000 population) among whites, blacks, and Hispanics aged >20
years in northern Manhattan, July 1, 1993-June 30, 1996.

times that of white women (RR = 3.2), while Hispanic
women had twice the intracerebral hemorrhage rate of
white women (RR = 2.0). The greatest subarachnoid
hemorrhage incidence rate was found in black men;
however, the small sample sizes precluded any mean-
ingful comparisons or conclusions.

DISCUSSION

A substantial number of studies have provided im-
portant information about stroke incidence (6, 7). Re-
ports generally have shown that stroke increases ex-
ponentially with age, and that a greater incidence of
stroke is found in men than in women (6, 7, 19-22).

Race/ethnicity-specific stroke incidence rates for
blacks and Hispanics have rarely been reported be-
cause of underrepresentation of these minority groups
in past studies like the Honolulu Heart Study, the
Rochester cohort, and the Framingham Study (23).
Moreover, the racial/ethnic differences in rates seen in
comparisons of groups derived from different source
populations cannot be attributed solely to race/ethnic-
ity, and are likely to have been influenced by differing
sampling methods, populations, and age groups and by
inconsistent age standardization of rates (24).

In the multiethnic community of northern Manhat-
tan, we found two- to threefold differences in stroke

300

250
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Annual 200
Age-Adjusted
Incidence 150
Rate per

259

222

100,000

• White
• Black
• Hispanic

100

Men Women
FIGURE 3. Average annual age-adjusted incidence rates of stroke (per 100,000 population) among persons aged >20 years in northern
Manhattan, by sex and race/ethnicity, July 1, 1993-June 30, 1996.
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TABLE 3. Average annual age-adjusted incidence rates (per 100,000) for stroke among persons aged >20 years in the Northern
Manhattan Stroke Study, July 1,1993-June 30,1996

No
Whites Blacks Hispanics

Men Women Men Women Men Women

All types of stroke 662 (67)* (95) (48) (100) (176) (176)
118.3 ±14.9f 80.3 ±10.1 259.1 ±41.3 222.3 ± 23.3 231.9 ±20.8 171.6 ± 14.2

Cerebral infarct

Intracerebral hemorrhage

Subarachnoid hemorrhage

511

112

39

(57)
98.0 ± 13.4

(8)
15.3 ± 5.6

(2)
4.9 ± 3.5

(75)
57.6 ± 8.0

(13)
10.8 ± 3.5

(7)
11.9 ±4.9

(36)
195.7 ± 36.2

(7)
37.2 ±15.4

(5)
26.2 ±13.5

(84)
184.2 ±21.1

(15)
34.9 ± 9.6

(1)
3.2 ± 3.2

(128)
181.4 ± 19.2

(42)
44.2 ± 7.7

(6)
6.3 ± 3.0

(131)
134.0 ± 12.9

(27)
22.0 ± 4.3

(18)
15.6 ±4.3

* Numbers in parentheses, number of cases accrued over the 3-year study period,
t Average ± standard error.

incidence rates, with blacks and Hispanics being at
greater stroke risk than whites residing in the same
community. The increased incidence and prevalence
of stroke among blacks as compared with whites had
been reported in earlier studies from Mississippi (25),
Alabama (26), Georgia (27), and the Lehigh Valley
(21), as well as in more recent studies from Baltimore,
Maryland (9). In the Lehigh Valley, where 1.7 percent
of the population was black, a standardized morbidity
rate of 2.43 for blacks as compared with whites was
reported (21). The Baltimore stroke cohort was
younger than 45 years of age, yet the black-white
relative rate of 2 was similar to our overall findings
among blacks and whites in northern Manhattan (9). A
recent review of black-white differences in stroke in-
cidence and mortality from different studies investi-
gating hospitalized patients showed consistently
higher rates among blacks as compared with whites (23).

The higher incidence rate of stroke among Hispan-
ics as compared with non-Hispanic whites has not
been previously reported, except from northern Man-
hattan (13). Summaries of national data surveys have
suggested that among Hispanics subgrouped as Mex-
ican Americans, age-specific mortality rates for stroke

may be lower than those in whites (5). Stroke mortal-
ity rates in Hispanic subgroups such as Cubans and
Puerto Ricans have been reported to be higher than
those in Mexican Hispanics, but the relation between
these mortality rates and stroke incidence rates among
Hispanics needs further explanation (5). Vital statistics
data collected over a 30-year period from New Mexico
initially showed lower mortality rates for stroke
among Hispanics than among whites. However, more
recent statistics suggest that risk of stroke mortality
among Hispanics in New Mexico has increased and
that it now exceeds the white stroke mortality rate (4).
In the Lehigh Valley Study, where Hispanics were
reported to account for 3.3 percent of the population,
the standardized morbidity ratio for Hispanics was
0.73, suggesting that stroke occurrence was less than
that for whites (21). Hispanic subgrouping may play
an important role in the calculation of stroke incidence
rates (5). The Hispanic population in northern Man-
hattan consisted primarily of Dominicans (63 percent),
with Puerto Ricans (15 percent) and other Hispanic
subgroups (22 percent) contributing the remainder
(28). The distribution of Hispanic subgroups and stan-
dard populations in northern Manhattan is different

TABLE 4. Age-adjusted relative risks for stroke at age >20 years among blacks and Hispanics in the Northern Manhattan Stroke
Study, July 1,1993-June 30,1996*

All types of stroke

Cerebral infarct

Intracerebral hemorrhage

Subarachnoid hemorrhage

RRt

2.2

2.0

2.4

5.3

Men

95% Clt

1.5-3.3

1.3-3.1

0.8-7.2

1.0-30.0

Blacks

RR

2.8

3.2

3.2

0.3

Women

95% Cl

2.0-3.8

2.2-4.6

1.4-7.4

0.03-2.2

RR

2.0

1.9

2.9

1.3

Men

95% Cl

1.4-2.7

1.3-2.6

1.3-6.4

0.2-6.9

Hispanics

RR

2.1

2.3

2.0

1.3

Women

95% Cl

1.6-2.9

1.7-3.2

1.0-4.3

0.5-3.5

' Whites were used as the reference group,
t RR, relative risk; Cl, confidence interval.
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from that in the Southwest, which should be consid-
ered when comparing the results of our study with
findings from New Mexico.

The overall stroke rate largely reflects cerebral in-
farction incidence, which accounted for 77 percent of
all strokes among persons aged 20 years or more.
However, racial/ethnic differences in incidence were
found among hemorrhagic stroke cases as well. The
greatest rates of intracerebral hemorrhage occurred
among blacks, concurring with reports from Cincin-
nati, Ohio (10), and Baltimore (9). In the Cincinnati
study, the greater rates of subarachnoid hemorrhage
and intracerebral hemorrhage among blacks as com-
pared with whites may have contributed to the excess
mortality found among blacks. In that study, blacks
had a 2.1-fold greater risk of subarachnoid hemor-
rhage and a 1.4-fold greater risk of intracerebral hem-
orrhage than whites, with blacks under 75 years of age
having 2.3 times the risk of intracerebral hemorrhage
(10). For intracerebral hemorrhage, we also observed a
possible age-race/ethnicity interaction, with greater
relative risks being seen among younger patients com-
pared with those over age 75. Possible explanations
for this interaction include an earlier age of stroke
onset in blacks and Hispanics than in whites and the
effects of competing causes of mortality, leading to a
decreased population at risk in elderly blacks and
Hispanics (29). Moreover, a possible interaction be-
tween sex and race/ethnicity for intracerebral hemor-
rhage incidence was noted, with Hispanic men and
black women demonstrating the greatest relative inci-
dence of intracerebral hemorrhage compared with
white men and women. These observations need fur-
ther exploration in studies with larger numbers of
intracerebral hemorrhage cases. In our study, numbers
of subarachnoid hemorrhage cases were too small for
any definitive conclusions to be drawn.

Reasons for the racial/ethnic disparities in stroke
incidence in our population are not entirely clear.
Underlying racial/ethnic differences in socioeconomic
characteristics may account for some of the differ-
ences found. Previous studies examining racial/ethnic
differences in stroke have reported that differences in
underlying socioeconomic status accounted for some,
but not all, of the racial/ethnic disparity (30, 31). There
are socioeconomic status differences among residents
of northern Manhattan: 34 percent of whites, 46 per-
cent of blacks, and 61 percent of Hispanics live at or
below the 200 percent poverty level (32). Addition-
ally, using education as an indicator of socioeconomic
status, the proportion of persons with less than a high
school education was greatest among Dominicans (56
percent) and was lower in blacks (27 percent) and
whites (9 percent). If socioeconomic status accounted

for the majority of the racial/ethnic disparities in
stroke incidence, then one would expect Hispanics to
have the greatest stroke incidence in northern Manhat-
tan. The relative differences in socioeconomic status
in this community are not completely concordant with
our racial/ethnic differences in stroke incidence.

Differences in the burden of stroke risk factors
among different racial/ethnic groups could also ac-
count for differences in stroke incidence. We have
previously reported differences in the prevalence of
cardiovascular risk factors in an earlier sample of
stroke patients, with more hypertension and diabetes
mellitus among blacks and Hispanics and more cardiac
disease among whites (33). The National Health
and Nutrition Examination Survey Epidemiologic
Follow-up Study reported that after controlling for
hypertension, diabetes, and education, the difference
in risk of stroke between blacks and whites was atten-
uated. However, these historical stroke risk factors
could not fully account for increased stroke risk
among blacks (34, 35). The San Diego Stroke Data
Bank showed no differences in the prevalence of
stroke risk factors between whites, blacks, and Mexi-
can Americans, except diabetes (36).

Prior investigators have raised concerns about the
exclusion of patients with milder strokes who were not
hospitalized (37-39). Although the extensive stroke
surveillance system created by NOMASS, with inter-
nal checks and overlapping surveillance, was designed
to capture all strokes in northern Manhattan, it is
possible that some strokes were missed. In our inci-
dence study, every effort was made to include both
hospitalized and nonhospitalized stroke patients. Our
case identification procedures were not differential
with respect to race/ethnicity and could not account for
racial/ethnic differences in stroke incidence. While it
is not cost-effective to conduct a door-to-door survey
to enumerate all strokes, we estimated that approxi-
mately one third of all households in northern Man-
hattan were contacted through the use of random digit
dialing. This sampling provided information about the
underlying prevalence of stroke in the community and
served to sample a large segment of the population. In
other population-based stroke incidence studies, the
proportion of patients with nonhospitalized stroke has
ranged from 3 percent to 28 percent (7, 37-40). Fac-
tors such as standards of medical treatment, health
care systems, population size, and socioeconomic sta-
tus may influence the proportion of nonhospitalized
cases. Our lower rate of nonhospitalized stroke (5
percent) was not surprising, since studies of northern
Manhattan residents have shown that 64 percent of
them in 1992 went directly to CPMC for their last
routine health care visit (28, 32). Additionally, our
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primary care physicians indicated that they hospital-
ized the vast majority of their stroke patients, perhaps
because of the limitations of outpatient services in
adequately diagnosing and treating nonhospitalized
stroke patients. Given the small geographic area of
northern Manhattan, the high density of people, and
the large proportion of community residents utilizing
CPMC as a primary care provider, it is likely that most
patients were hospitalized for their strokes.

An important advantage of our study design was the
use of brain imaging to complement the clinical diag-
nosis of stroke and stroke subtypes. A concern about
earlier incidence studies has been the misdiagnosis of
"true stroke" and misclassification of stroke subtypes
because of lack of computed tomography data (7, 37).
Our use of brain imaging in 99 percent of all cases, in
combination with our surveillance techniques, effec-
tively established the diagnosis of stroke. Addition-
ally, the use of a diagnostic committee consisting of
neurologists blinded as to age, sex, and race/ethnicity
assured the unbiased classification of stroke subtype.

To our knowledge, the NOMASS is among the first
population-based studies to have compared incidence
rates of stroke among whites, blacks, and Hispanics
living in the same community. The disparities in
stroke incidence rates found among these groups re-
quire further investigation through prospective studies.
Additional information regarding the impact of racial/
ethnic differences in socioeconomic status and stroke
risk factors will eventually help investigators to design
the most effective treatment and prevention programs.
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