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Synopsis....................................

Stroke mortality is associated both with being
black and with having low socioeconomic status.

However, it is uncertain to what extent that in-
creased risk is related to rates of behavior-related
risk factors, such as hypertension, cigarette smok-
ing, obesity, or alcohol consumption. The investi-
gators performed an ecologic analysis to estimate
the contributions of behavioral risks, socioeco-
nomic status, and black race to regional variations
in stroke mortality rates among persons 55-84
years of age in Florida. They used data from the
1980 census and from the Behavioral Risk Factor
Surveillance System (BRFSS) for 1986 through
1988.

Weighted multiple linear regression models indi-
cated that regions in Florida with high stroke
mortality rates were characterized by high preval-
ences of poverty, obesity, and hypertension. Al-
though limited by its ecologic design, this study
suggests that socioeconomic status and prevalence
of behavioral risks contribute independently to
interregional disparities in stroke mortality rates in
Florida. BRFSS data, now available for more than
45 States, can be used to help clarify the relative
contributions of behavioral and other risks to
population-based mortality rates.

DESPITE A DRAMATIC DECREASE in the death rate
from stroke in the United States, from 71.5 per
100,000 persons in 1968 to 30.1 per 100,000 per-
sons in 1987, stroke remains the third leading cause
of death, accounting for about 7 percent of all
deaths (1).

Behavior-related risk factors for stroke are pre-
ventable. They include hypertension, cigarette
smoking, and obesity (2). Some evidence indicates
that chronic consumption of alcohol, as well as
binge drinking, may increase the risk of stroke (3).

Blacks are known to be at greater risk of death
from stroke than whites (4). High stroke mortality
rates have been shown to be associated with low
socioeconomic status (5, 6), as well as measures of
social instability (5) and social disorganization (7).
It is not known to what extent high stroke mortal-
ity rates associated with those groups may be
related to high prevalences of behavioral risks.

Several behavior-related cardiovascular risk fac-
tors are more prevalent among blacks and persons
with low income than among whites and persons
with high income. For example, blacks, persons
with low income, and persons with less than a high
school education are more likely to be overweight
than are whites, persons with high income, and
high school graduates (8). Smoking is more com-
mon among high school nongraduates than gradu-
ates (8). Low levels of physical activity are more
common among blacks, persons with low income,
and high school nongraduates than among whites,
persons with high income, and high school gradu-
ates (8). Hypertension, in part behaviorally deter-
mined, is known to be more prevalent among
blacks than whites in the United States (9, 10).

In our ecologic analysis, we assessed the
population-based stroke mortality risk in Florida
that is associated with socioeconomic status, black

454 Pubflc Health Reports



race, and behavioral risks, using readily available
data sets. This research method can be replicated
for other States and applied to a broad range of
public health problems.

Methods

Geographic unit. The geographic reference unit
chosen for the study was the labor market area
(LMA). A LMA is a county, or a group of contig-
uous counties, whose population constitutes an eco-
nomic unit, identified by commuting patterns re-
ported in the 1980 census (11). Each LMA has at
least 100,000 inhabitants, and some LMAs are di-
vided into subareas. Florida contains 26 separate
LMA subareas. We grouped contiguous LMA su-
bareas into 17 regions to provide completed risk
factor surveys for a minimum of 100 persons for
each of the regions.

Outcome measure. We chose as an outcome mea-
sure the average annual stroke mortality rate per
100,000 Florida residents ages 55-84 years during
the 8-year period 1980-87. Most preventable stroke
deaths occur in this age range. We obtained yearly
population estimates, stratified by age, race, and
county, from the State of Florida, Office of Plan-
ning and Budgeting. Records of deaths from
stroke, categorized under the International Classifi-
cation of Diseases (ICD-9) (12), codes 430-434 and
436-438, were obtained from the State's Vital Sta-
tistics Services master death tape, which contains
coding for the underlying cause of death, as well as
data fields for age, race, sex, county of residence,
and year of death.
We calculated age-stratified mortality rates for

the 55-64-, 65-74-, and 75-84-year age groups, and
standardized against the 1980 U.S. population for
the same age groups. Mortality rates were weighted
proportionately to the population for each study year.

Socioeconomic and demographic variables. Values
of socioeconomic variables for each county were
extracted from the 1988 County and City Data
Book (13), produced by the Bureau of the Census.
Socioeconomic variables and reference years in-
cluded

* percentage of the population with incomes below
the poverty line (1979),
* percentage of the adult population with at least
12 years of school (1980),
* number of physicians per 100,000 population
(1985), and

* number of hospital beds per 100,000 population
(1985).

We used State population data to calculate one
demographic variable, the percentage of blacks
among residents ages 55-84. For each socioeco-
nomic and demographic variable, we calculated a
value for each geographic region by weighting the
values for each component county proportional to
the county population.

Behavioral risk factors. We used the Centers for
Disease Control and Prevention's Behavioral Risk
Factor Surveillance System (BRFSS) to estimate the
prevalence of behavior-related cardiovascular risk
factors in each of the study regions. BRFSS uses a
random-digit-dialed, population-based telephone
survey in estimating the prevalence of behavioral
risk factors associated with the leading causes of
premature death among persons 18 years and older
(14). Cardiovascular disease-related BRFSS data
items include

* current smoker status, having smoked a lifetime
total of 100 cigarettes and being a smoker now;
* obesity, being 120 percent or more of ideal body
weight, according to the 1959 Metropolitan height-
weight tables;
* dietary salt intake, adding salt to one's food at
the table most of the time;
* binge alcohol consumption, consuming five or
more alcoholic drinks at one occasion, one or more
times in the past month;
* chronic alcohol consumption, consuming an av-
erage of 60 or more alcoholic drinks a month;
* sedentary lifestyle, participating in less than 20
minutes of leisure-time physical activity three times
per week; and
* hypertension, ever having been medically advised
about being hypertensive.

We aggregated BRFSS data for Florida for the
3-year period 1986-88, a total of 3,922 responses.
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Table 1. Socioeconomic, demographic, and behavioral risk
factor prevalences for Florida and 17 Florida regions, by

percent of the specified population group

17 Florida regions

Minimum Maximum State
Variable percent percent percent

Socioeconomic variables:
High school education' 59 73 67
Poverty2 .................. 9 23 14

Demographic variable of per-
centage black3 ............. 7 24 14
Behavioral risks:4

Current smoking ...... .... 18 33 27
Obesity ................... 18 33 23
Dietary salt .......... ..... 16 34 23
Binge drinking ....... ..... 9 20 15
Chronic drinking ...... .... 4 17 9
Sedentary lifestyle......... 49 64 57
Hypertension ........ ..... 17 27 23

1 Adults ages 25 years and older, 1980.
2 Population below poverty threshold income, 1979.
3 Weighted average, 1980-87.
4Adults aged 18 and older, 1986-88, weighted to Florida's 1987 population

according to age, race, and sex.

The combined data set was then weighted against
the Florida population for 1987 to correct for
overrepresentation or underrepresentation of age,
race, or sex groups in the sample. Details of this
method have been described (14).

Regression analysis. We performed a forward mul-
tiple linear regression analysis, using the REG pro-
cedure in SAS (15), with values weighted to the
number of BRFSS respondents in the respective re-
gions. The P-value criterion, set to 0.05, was used
for entry into the regression model. We compared
the model obtained to the models produced by the
all subsets regression option.

Results

Age-adjusted stroke mortality rates per 100,000
residents ages 55 to 84 years ranged from 148 to

248 among the 17 geographic regions; the rate for
the entire State was 175. Table 1 shows the
substantial interregional variation in risk factor
prevalence, in most cases the highest prevalence
being more than 50 percent higher than the lowest.
Age-adjusted stroke mortality rates statistically
were significantly associated with poverty and obe-
sity (P < 0.01). Regression coefficients are shown
in table 2.

Weighted multiple regression analysis. Poverty was
the most important predictor variable (P < 0.01),
followed by obesity (P < 0.05) and hypertension
(P = 0.05) (table 2). The coefficients for those
variables yielded the following regression model:
stroke mortality = 4.35*poverty + 3.45*obesity +
3.45*hypertension - 0.36. Stroke mortality is ex-
pressed in annual stroke deaths per 100,000 popula-
tion ages 55 to 84 years; poverty, obesity, and hy-
pertension are expressed as population prevalence.

This regression model explained 71 percent of the
total variation in stroke mortality rates among the
17 regions (R2 = 0.71). All subsets regression
confirmed that this model had the highest R2 of all
models for which the P-value of each variable was
less than or equal to 0.05.

Pearson correlation coefficients indicated that
none of the predictor variables in the model was
highly correlated with another (table 3). The per-
centage of black residents was, however, highly
correlated with the percentage of residents whose
family income was at the poverty level or below.

Discussion

The results of this study support and expand
current knowledge about correlates of stroke mor-
tality. Socioeconomic status, hypertension, and
obesity are all documented correlates of stroke
mortality (2, 4, 6, 16). Obesity and hypertension
reportedly are responsible for more stroke deaths in
the United States than any other behavioral risks
(17). Otten and coworkers have shown that behav-
ioral risk and family income factors contribute
independently to excess all-cause mortality among
black adults; however, they did not comment on
cause-specific mortality (18). Our study is the first,
to our knowledge, to provide evidence that socio-
economic status and prevalence of behavioral risks
are independently associated with stroke mortality.

Otten and coworkers pointed out that a compre-
hensive approach to the national problem of differ-
ential all-cause mortality in subgroups of our
population must address behavioral risks, and that
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further research is needed to identify factors associ-
ated with income that may be subject to interven-
tion (18). Our results reaffirm those ideas in the
context of a single cause of death in a single State.
The "percent black" variable did not enter into

the best regression model; however, it was highly
correlated with poverty (P < 0.01). Because high
correlation between independent variables can con-
found their relationship with the outcome variable,
it is not possible, with the data used, to determine
which of those variables might be independently
associated with stroke mortality.

Morgenstern described how linear regression co-
efficients from ecologic analyses can be used to
estimate the expected rate of a disease outcome in a
population, given a specified prevalence of a risk
factor (19). By applying this method to the current
study, we would expect each percentage point
change in risk factor prevalence to change annual
stroke mortality by the value of the regression
coefficient for that risk factor. For example, using
the regression equation, we can predict that, for
each percentage point decrease in the prevalence of
obesity, the expected stroke mortality among adults
ages 55 to 84 years would decrease by 3.45 per
100,000 population.

Siegel and coworkers have shown that stroke
mortality rates in north Florida are similar to those
in the group of southeastern States known as the
"Stroke Belt" (20). The relationship of stroke
mortality rates with socioeconomic status, race or
ethnicity, and prevalence of behavioral risks seen in
the current study may be generalizable to other
States with high stroke mortality rates. Since
BRFSS is active for more than 45 States, data are
available to test that hypothesis.
The basic methods used in this study can be

applied to a variety of related questions. One
example would be to test whether regional varia-
tions in stroke mortality among blacks at the
national level can be explained in terms of either
socioeconomic status or prevalence of behavioral
risks. As of now, there is no clear explanation of
why the stroke mortality rate for black men in the
Southeast is almost 44 percent higher than that for
black men in all other regions (10).

Ecologic analysis is inherently limited by the use
of aggregate-level data rather than individual-level
data. This method can result in substantial bias
known as the "ecologic fallacy" (19). In addition,
the limited amount of behavioral risk factor data
available for the current study warrants caution in
drawing inferences (21). As additional years of
BRFSS data become available, however, it will

Table 2. Unadjusted and adjusted regression coefficients for
stroke mortality predictor variables, Florida, 1986-88

Regression coefficients

Variabl Unadjusted Adjusted'

Poverty ..................... 25.53 24.35
Obesity ..................... 25.25 3345
Hypertension ............... 2.53 33.45
Percent black ............... 2.50 ...

1 Best regression model. 2 P-value < 0.01. 3 P-value < 0.05.

Table 3. Correlation matrix of stroke mortality predictor vari-
ables, Florida, 1986-88

Percent
Hypertension Obesity Poverty black

Hypertension ..... ... 0.04 - 0.09 0
Obesity.0.04 ... 0.40 -0.06
Poverty. -0.09 0.40 ... 10.71
Percent black 0 -0.06 10.71 ...

1 P-value < 0.01.

become possible to assemble data sets with larger
numbers of respondents. This, in turn, will make it
possible to divide States into larger numbers of
regions and to perform more powerful ecologic
analyses. Larger samples will allow for more pow-
erful analyses of race or ethnicity effects.
Another limitation of this study is that all the

variables do not represent the same age groups.
The outcome data are for persons ages 55-84 years,
the risk factor data are for those 18 years and
older, and the poverty level data are for persons of
all ages. Several influences on Florida's population
structure could affect the results of this study.
These include deaths of part-year residents and
immigration from regions with lower or higher
stroke mortality rates or prevalence of a stroke risk
factor. Those demographic phenomena underscore
the importance of replicating this study for other
States.
The self-reported behavioral data used are sub-

ject to respondent error. For example, self-reported
data for height and weight have been shown to
underestimate by several percentage points- the
prevalence of overweight (22). Such bias in self-
reported data would result in bias at the ecologic
level only if it were inconsistent across the regions
included in the study. Since not every household
has a telephone, lack of telephone coverage is
another source of potential bias. However, this is
unlikely to introduce substantial bias, because more
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than 90 percent of households have telephone
service (23).

Geographic variation in the prevalence of diabe-
tes might be responsible for some of the interregio-
nal variation in stroke mortality rates. Because a
question on self-reported diabetes was added to the
Florida BRFSS questionnaire in 1987, such an
analysis could be incorporated into future studies.
Although subject to the limitations mentioned,

we believe that our study is the first to assess
independent effects of socioeconomic, race or eth-
nicity, and behavioral risk factors on population-
based stroke mortality rates. The high degree of
consistency with current knowledge about corre-
lates of stroke mortality gives confidence in the
general validity of the method.
For several reasons, we expect that BRFSS will

become an increasingly important epidemiologic
tool for the study of stroke and other health
problems. First, it is a population-based data set
with State-specific estimates for the prevalences of
risk factors associated with leading causes of death
and disability. Second, by aggregating data from
multiple years, investigators can provide stable
prevalence estimates at sub-State levels and for
selected age-race-sex strata. Because of the limited
amount of stroke mortality data available from
cohort studies, ecologic analyses may play an
important role in clarifying etiologic differences
between the two major pathologic groups of
stroke, hemorrhagic and thrombotic.
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