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BACKGROUND
Many studies have examined differences in hypertension across race/
ethnic groups but few have evaluated differences within groups.

METHODS

We investigated within-group geographic variations in hypertension
prevalence among 3,322 black and white participants of the Multi-
Ethnic Study of Atherosclerosis (MESA). Place of birth and place of
residence were included in multivariate Poisson regression analyses.

RESULTS

Blacks born in southern states were 1.11 (95% confidence interval
(Cl):1.02, 1.23) times more likely to be hypertensive than non-
southern states after adjusting for age and sex. Findings were similar,
though not statistically significant, for whites (prevalence ratio (PR):
1.15,95% Cl: 0.98, 1.35). Blacks and whites living in Forsyth (blacks,
PR:1.23,95% Cl: 1.07, 1.42; whites, PR: 1.32,95% Cl: 1.09, 1.60) and
Baltimore (blacks, PR: 1.14,95% Cl: 1.00, 1.31; whites, PR: 1.24, 95%

It is well known that hypertension prevalence is higher among
African Americans than it is for any other race/ethnic group in
the United States.!> Despite a growing body of research suggest-
ing that social, environmental, and lifestyle factors may play an
important role, the reasons for these disparities remain unclear.3-
Understanding potential explanations for this variation within
race/ethnic groups could help identify factors leading to hyper-
tension and inform strategies to reduce racial/ethnic disparities.
Studies of race/ethnic differences in hypertension in the
United States rarely investigate heterogeneity within groups,
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Cl:1.05, 1.47) were also significantly more likely to be hypertensive
than those living in Chicago after adjusting for age and sex. Among
blacks, those living in New York were also significantly more likely to
be hypertensive. Geographic heterogeneity was partially explained
by socioeconomic indicators, neighborhood characteristics or
hypertension risk factors. There was also evidence of substantial
heterogeneity in black-white differences depending on which
geographic groups were compared (ranging from 82 to 13% higher
prevalence in blacks compared with whites).

CONCLUSIONS
A better understanding of geographic heterogeneity may inform
interventions to reduce racial/ethnic disparities.

Keywords: blood pressure; disparity; epidemiology; geography;
hypertension; neighborhoods
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although some research has suggested that important geo-
graphic heterogeneity may exist. For example, evidence
suggests that blacks and whites living in the South have higher
hypertension prevalence and risk than those living in the rest of
the country.”8 In addition, a longitudinal study of young adults
found that black men living in Chicago and Minneapolis were
significantly less likely to develop elevated blood pressure lev-
els over a 7-year period than black men living in Birmingham,
after adjusting for education and established risk factors.” A
similar trend was observed among black women. Although
no studies have investigated associations of region of birth
with hypertension prevalence, being born in the South has
been linked to increased cardiovascular disease mortality.!0-12
However, the determinants of these geographic differences are
not well understood.

Using data from black and white participants of the Multi-
Ethnic Study of Atherosclerosis (MESA) we examined asso-
ciations of region of birth and place of residence with the
prevalence of hypertension. We also examined the contri-
bution of the neighborhood environment, socioeconomic
characteristics, and traditional hypertension risk factors to
observed geographic differences. In addition, we explored how
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black-white differences in hypertension changed depending
on which geographic subgroups were compared.

METHODS

Study population. MESA is an observational cohort study
designed to examine the determinants of subclinical cardio-
vascular disease in adults aged 45-84 years.!? Participants free
of clinical cardiovascular disease at baseline were recruited
from six study sites (New York, New York; Baltimore City
and County, Maryland; Forsyth County, North Carolina;
Minneapolis, Minnesota; Los Angeles County, California; and
Chicago, Illinois) between 2000 and 2002.!% This study used
the cross-sectional data collected at baseline. At each site, ran-
dom population samples were selected using various lists of
area residents. Additional details are provided elsewhere.!* Of
the selected persons deemed eligible after screening, 59.8%
participated in the study. White participants were recruited
from all six study sites; black participants were recruited from
all sites except Minneapolis. In order to facilitate comparisons
across race groups, these analyses are restricted to the five sites
from which both groups were recruited. Institutional review
board’s approval was obtained at each site and all participants
gave informed consent. MESA participants represented four
race/ethnic groups, but our analyses focused on self-identified
blacks and whites only because data on Hispanics and Asian
Americans were collected in fewer study sites.

Hypertension definition and measurement. Resting seated
blood pressure was measured three times at a single baseline
visit by trained and certified clinic staft using a Dinamap PRO
100 automated oscillometric device (Critikon, Tampa, FL),
and the average of the last two measurements was used in the
analyses.!4 Hypertension was defined as having a mean systolic
blood pressure 2140 mm Hg, a mean diastolic blood pressure
290mmHg, or a self-reported history of hypertension and
report of being on medication for it.!>

Geographic measures. Participants were asked to report the
state in which they were born. Place of birth was categorized
as southern state, non-southern state, and foreign-born. The
South is often defined as those states that seceded from the
Union during the Civil War.!® One critique of such a catego-
rization is that it fails to take into consideration the shared
history and culture of certain states in the southern part of
the country. In an attempt to account for this, we included
the following as southern states in these analyses: Alabama,
Arkansas, Florida, Georgia, Kentucky, Louisiana, Mississippi,
North Carolina, Oklahoma, South Carolina, Tennessee, Texas,
Virginia, and West Virginia. Given their physical and cultural
distance from the Deep South, we did not include Delaware,
Maryland, and District of Columbia (states that are considered
the South by the US Census!”) as southern states. Instead, we
included them in the non-southern-born category. The for-
eign-born category included all participants born outside the
US. Place of residence was defined as the study site in which the
participant lived at baseline: Forsyth County, North Carolina;
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New York, New York; Baltimore City and County, Maryland;
Chicago, Illinois; and Los Angeles, California.

Covariates. Several sets of covariates were examined as potential
contributors to observed geographic differences including
socioeconomic position (SEP); neighborhood factors; and tra-
ditional risk factors for hypertension.

Individual SEP: parental education was categorized as less
than high school, high school, and college or more. Education
information was collected on both parents, and the educa-
tion level of the parent with the higher level of attainment was
used in the analyses. Individual education was measured as the
highest level completed and categorized as high school or less,
some college/technical school, and bachelors degree or more.
Annual household income was grouped into quartiles (less
than $25,000; $25,000-$39,999; $40,000-$74,999; and $75,000
and greater). Baseline income was available and used for 91.6%
of black participants and 97.3% of white participants. When
baseline income was missing, exam 2 data were used (5.1% of
black participants and 1.4% of white participants).

Neighborhood environment: we examined four survey-based
scale measures of the neighborhood environment previously
shown to be associated with hypertension in this cohort!®:
neighborhood safety (three items), social cohesion (five items),
walkability (six items), and healthy food availability (two
items). Each participants scores were based on the average
of the responses given by all other participants living within
a mile of the participant, and higher scores represented better
environments.

Because some of these neighborhood characteristics were
highly correlated, these four scores were entered into a factor
analysis with oblique rotation. Two factors were identified that
accounted for 81.3% of the variation in the data. Factor one,
the physical environment, included neighborhood walkability
and healthy food availability. Factor two, the social environ-
ment, consisted of neighborhood safety and social cohesion.
Factor-based scores were created for the neighborhood physi-
cal and social environments by summing the respective scales
within each factor. All factor loadings were comparable (physi-
cal environment: 0.87, 0.93; social environment: 0.79, 0.88),
so these scales were not weighted by their respective loadings.
Number of years living in current neighborhood was included
as a control variable to account for varying lengths of exposure
to a given neighborhood environment.

Hypertension risk factors: body mass index and health
behaviors that are known risk factors for hypertension were
assessed as potential mediators of the associations between
region of birth/residence, individual SEP and the neighbor-
hood environment and hypertension prevalence. Height and
weight measured at baseline were used to calculate body mass
index. Alcohol use and cigarette smoking were based on self-
report and dichotomized as current vs. not current. Exercise
was measured as metabolic equivalent-hours per day spent in
intentional activity and categorized for analyses as high, some,
and no activity, with high representing levels above the median
(2.0 metabolic equivalent-hours per day).
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Statistical analyses. Key covariates were compared across
place of birth and place of residence using analysis of vari-
ance and the y? statistic. Because hypertension is not a rare
condition, the odds ratio is not a good approximation of the
prevalence ratio (PR).!® As recommended in prior work,?%2!
Poisson regression with robust variance estimates was used to
estimate PRs of hypertension comparing the different place of
birth (with US birth outside the South as the reference group)
and place of residence (with Chicago as the reference group)
categories. Although we did not find a statistically significant
interaction between race/ethnicity and place of birth or place
of residence, all analyses were conducted separately for white
and black participants in order to assess within-race variation
in hypertension by area and race-specific predictors. Models
were sequentially adjusted for socioeconomic characteristics,
neighborhood characteristics, and cardiovascular risk factors.

In addition, we conducted analyses pooling whites and
blacks in order to contrast different race-geography combina-
tions. We analyzed differences by place of birth and place of
residence separately. We used two different reference groups
for these analyses: whites born in/residing in the area with the
highest hypertension prevalence and whites born in/resid-
ing in the area with the lowest hypertension prevalence. This
was done to investigate how contrasts between whites and
blacks differ depending on which geographic subgroups are
compared.

Of the 1,894 blacks and 2,018 whites living in the five MESA
study sites at baseline, 324 blacks and 249 whites were miss-
ing information on state of birth, parental or personal SEP, or
neighborhood characteristics. An additional eight blacks and
nine whites were missing data on body mass index or health
behaviors, leaving 1,562 blacks and 1,760 whites for analysis.
All analyses were conducted using SAS 9.2 (SAS, Cary, NC).

RESULTS
Descriptive statistics comparing covariates by place of birth and
place of residence for blacks and whites are shown in Table 1.
Most participants living in Forsyth at baseline were born in
southern states (91.3%), and between 34.1 and 45.5% of those
living in the other sites were born in southern states (data not
shown). Unadjusted hypertension prevalence among blacks
was highest in those born in the southern states and lowest
among the foreign-born. Prevalence of hypertension was high-
est among those living in Forsyth and lowest in those living in
Chicago. Blacks born in southern states generally had the lowest
levels of parental education and individual SEP whereas those
born in non-southern states had the highest. New York residents
had the lowest levels of parental education and individual edu-
cation of all the sites, but the best reported neighborhood social
environment. Those living in Chicago generally had the highest
levels of parental education and individual SEP of all the sites, as
well as the best neighborhood physical environment.
Hypertension prevalence among whites was lower than
among blacks within every place of birth and place of residence
category. Just over 67% of whites living in Forsyth were born in
southern states (data not shown); a much smaller percentage
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of whites living in the other sites were born in southern states
(between 2.5 and 10.2%). Whites born in the South had the
highest unadjusted hypertension prevalence and foreign-born
whites had the lowest. As with blacks, whites living in Forsyth
had the highest hypertension prevalence and those living in
Chicago had the lowest. Whites born in non-southern states
had the highest level of parental education and individual SEP,
whereas those born in southern states had the lowest paren-
tal and individual educational attainment. Whites living in
Forsyth and Baltimore had the lowest parental education levels
and individual SEP, whereas those in Los Angeles had the best.
Chicago residents reported the best physical environments and
Forsyth residents reported the best social environments.

Table 2 shows PRs of hypertension among blacks by place
of birth and place of residence. Blacks born in southern states
were 1.11 (95% confidence interval (CI): 1.01, 1.23) times more
likely to be hypertensive than those born in non-southern
states. This association was not substantially modified after
adjustment for individual SEP and neighborhood characteris-
tics (PR: 1.10, 95% CI: 0.99, 1.22). Further adjustment for risk
factors had little effect. Blacks living in Forsyth (PR: 1.23, 95%
CIL: 1.07, 1.42), New York (PR: 1.16, 95% CI: 1.00, 1.34), and
Baltimore (PR: 1.14, 95% CI: 1.00, 1.31) were all significantly
more likely to be hypertensive than those living in Chicago. All
associations were slightly attenuated after adjustment for indi-
vidual SEP but a larger reduction in associations (especially
for Forsyth) was observed when neighborhood characteristics
were accounted for (Forsyth, PR: 1.13, 95% CI: 0.90, 1.42; New
York, PR: 1.09, 95% CI: 0.94, 1.26; Baltimore, PR: 1.06, 95% CI:
0.89, 1.26). These associations were slightly reduced after addi-
tional adjustment for hypertension risk factors.

Whites born in southern states were 1.15 (95% CI: 0.98, 1.35)
times more likely to be hypertensive than those born in non-
southern states (Table 3). This association was slightly attenu-
ated with each subsequent adjustment for parental SEP and
individual SEP, was not substantially modified after adjustment
for neighborhood characteristics, and increased after adjust-
ment for hypertension risk factors (PR: 1.17, 95% CI: 1.00,
1.38). Whites living in Forsyth (PR: 1.32, 95% CI: 1.09, 1.60)
and Baltimore (PR: 1.24, 95% CI: 1.05, 1.47) had significantly
higher hypertension prevalence compared with those living in
Chicago. Los Angeles residents also had higher hypertension
prevalence than those in Chicago, though this association was
not statistically significant (PR: 1.20, 95% CI: 0.93, 1.56), pos-
sibly due to the smaller sample size. These associations were
weakened after adjusting for parental and individual SEP but
were strengthened after subsequent adjustment for neighbor-
hood characteristics.

Table 4 shows PRs for categories based on race and place
of birth and race and place of residence in separate models.
We report two models for place of birth and two models for
place of residence: one with whites with the lowest hyperten-
sion prevalence as the reference (models 1 and 3), and another
with whites with the highest hypertension prevalence as the
reference category (models 2 and 4). Results show that the
magnitude of black-white differences varies substantially
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Table 1| Selected socioeconomic, neighborhood, and risk factor characteristics of blacks and whites by place of birth and place

of residence, the MESA study 2000-2002

Bornin Bornin
southern non-southern
state state Foreign  Pvalue®
Blacks

n 801 618 143
Hypertensive (%) 64.9 51.8 44.1 <0.0001
Age (years)b 63.4(9.6) 60.2(9.9) 57.1(8.9) <0.0001
Sex (% male) 44.2 46.9 49 0.42
Parental education 53.6 30.1 49.7 <0.0001
less than HS (%)
Income <$25,000 (%) 33.1 23.8 322 0.0005
High school education 323 22.2 35.7 <0.0001

or less (%)

Neighborhood physical 6.9(0.9) 7.3(0.7) 7.7 (0.6) <0.0001
environmentP

Neighborhood social 7.1(0.6) 6.9(0.5) 6.7 (0.5) <0.0001
environment
BMI (kg/m?2)° 30.0(56) 30.3(5.8) 295(53) 036
Current cigarette 16.4 22.2 6.3 <0.0001
smoker (%)
Current alcohol 46.9 56 49 0.003
drinker (%)
No intentional 24.1 21.5 25.2 0.44
exercise (%)

Whites
n 429 1,194 137
Hypertensive (%) 47.1 35.8 329 <0.0001
Age (years)b 62.8(10.0) 62.6(9.7) 63.8(10.5) 0.38
Sex (% male) 47.1 49.3 445 0.48
Parental education 34.7 234 25.6 <0.0001
less than HS (%)
Income <$25,000 (%) 13.8 1.3 15.3 0.21
High school education 30.5 14.2 17.5 <0.0001
or less (%)
Neighborhood 6.7 (1.0) 7.8(1.1) 7.9(1.0) <0.0001
physical environment®
Neighborhood social 7.7 (0.5) 7.3(0.5) 7.2(0.5) <0.0001
environment®
BMI (kg/m2)P 27.6(4.9) 27.4(5.0) 269(5.00 0.41
Current cigarette 12.4 8 13.1 0.01
smoker (%)
Current alcohol 55.9 771 78.8 <0.0001
drinker (%)
No intentional 20.1 14 16.8 0.01

exercise (%)

BMI, body mass index; HS, high school; MESA, Multi-Ethnic Study of Atherosclerosis.

Forsyth NewYork Baltimore LosAngeles Chicago Pvalue®

401 330 434 134 263

65.6 56.7 574 53 50.6 0.002
61.6(9.6) 61.1(99) 616(9.7 61.6(103) 61.7(10.3) 0.94

449 41.8 454 49.1 522 0.23

44.9 48.2 47.5 35 36.6 0.003

28.2 27.3 332 19.4 44.8 <0.0001

26.2 37.9 31.8 14.8 29.9 <0.0001

6.2(0.7) 6.6(0.3) 6.9(0.4) 7.1(0.4) 8.0(0.5) <0.0001

7.5(0.5) 7.9(0.3) 7.1(0.4) 7.0(04) 6.7(04) <0.0001

30.2(54) 30.1(6.0) 30.5(5.6) 29.5(5.8) 29.4(5.5) 0.07

15.5 16.1 18 20.5 224 0.24
419 50.3 46.5 70.3 53 <0.0001
227 18.5 27.7 19.4 29.1 0.008
501 200 431 122 506
45.7 31 42.2 36.9 30.8 <0.0001
62.6(9.6) 624(9.7) 64.2(10.00 61.2(10.7) 62.0(9.7) <0.0001
49.3 44 50.8 46.1 525 0.33
323 25 34.8 16.2 15.6 <0.0001
13.6 7.5 18.6 6.7 14.8 <0.0001
283 12 24.6 59 18 <0.0001

6.4(0.7) 8.4(0.4) 7.1(0.6) 7.2(0.3) 8.8(0.4) <0.0001

7.9(0.4) 7.1(0.4) 7.3(0.5) 7.2(0.4) 7.2(0.3) <0.0001

27.7(49) 264(47) 28.1(52) 27.6(54) 26.8(48) <0.0001

114 9 8.1 8.9 9.8 0.51
56.5 81.5 69.6 86.8 68 <0.0001
17.8 14 193 10.5 18.9 0.002

2pvalue for test of overall association between site and each of the covariates. PValues in parentheses are s.d.

depending on which subgroups of blacks and whites are com-
pared. Substantial variability exists when subgroups when dif-
ferent places of birth are compared: the largest race difference
was observed when blacks born in the southern states were
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compared with non-southern-born whites (model 1, PR: 1.57,
95% CI: 1.41, 1.74). In contrast, a much smaller race difference
was observed when foreign-born blacks were compared with
southern-born whites (model 2, PR 1.18, 95% CI: 0.95, 1.47).
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Table 2 | Prevalence ratios of hypertension among blacks by place of birth and place of residence before and after adjustment
for socioeconomic factors, neighborhood characteristics, and hypertension risk factors

Model 12 Model 22

Model 32 Model 4° Model 5¢

Born in southern state
Foreign-born

US-born, non-southern
state

Forsyth
New York
Baltimore
Los Angeles
Chicago

Parental education
less than HS

Parental education
HS complete

Parental education
college complete

HS or less

1.11(1.01,1.23)
0.90 (0.74, 1.09)
1.00 (ref.)

1.23(1.07,1.42)
1.16(1.00, 1.34)
1.14(1.00, 1.31)
1.05(0.86, 1.26)
1.00 (ref.)

1.11(1.00, 1.23)
0.90(0.74,1.10)
1.00 (ref.)

1.24(1.07,1.42)
1.16(1.00, 1.34)
1.14(0.99, 1.31)
1.05(0.87,1.27)
1.00 (ref.)

1.07 (0.94,1.23)

1.09(0.95,1.24)

1.00 (ref.)

1.10(1.00, 1.22)
0.88(0.72, 1.07)
1.00 (ref.)

1.20(1.04, 1.38)
1.09(0.94, 1.26)
1.10(0.96, 1.27)
1.00(0.83,1.21)
1.00 (ref))

1.04(0.90, 1.19)

1.08(0.94, 1.23)
1.00 (ref.)

1.07 (0.96,1.19)
1.01(0.91,1.13)

1.10(0.99, 1.22)
0.88(0.72,1.07)
1.00 (ref.)

1.13(0.90, 1.42)
1.09 (0.94, 1.26)
1.06 (0.89, 1.26)
0.97(0.79,1.20)
1.00 (ref.)

1.03(0.90, 1.19)

1.07(0.93,1.23)

1.00 (ref.)

1.06 (0.95,1.19)
1.01(0.91,1.13)

1.10(0.99, 1.22)
0.87(0.72, 1.06)
1.00 (ref.)

1.10(0.88,1.38)
1.06 (0.92,1.23)
1.03(0.87,1.23)
0.97 (0.79,1.19)
1.00 (ref))

1.02(0.89,1.17)

1.05(0.92, 1.20)
1.00 (ref.)

1.03(0.93,1.15)
0.99(0.89, 1.10)

Some college/technical
degree

Bachelors/graduate
school

Income <$25,000
Income $25,000-539,999
Income $40,000-$74,999
Income >$74,999

Neighborhood physical
environment

Neighborhood social
environment

HS, high school.

1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
1.30(1.10, 1.54) 1.28(1.08, 1.52) 1.30(1.09, 1.54)
1.33(1.13,1.57) 1.32(1.11,1.56) 1.32(1.12,1.57)
1.20(1.02,1.41) 1.19(1.01, 1.40) 1.18(1.01,1.39)
1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
0.95(0.87,1.04) 0.96 (0.88, 1.04)

0.97 (0.88,1.07) 0.96 (0.87, 1.06)

aAdjusted for age and sex in addition to all the variables shown. PAdjusted for age, sex, years in current neighborhood in addition to all the variables shown. ‘Adjusted for age, sex, years
in current neighborhood, BMI, alcohol use, cigarette smoking, diet, and exercise in addition to all the variables shown.

The most extreme race difference was observed when Forsyth
blacks are compared with Chicago whites (PR: 1.82, 95% CIL:
1.43, 2.31) whereas the smallest difference was observed when
Chicago blacks are compared with Forsyth whites (PR: 1.13,
95% CI: 0.92, 1.39).

DISCUSSION

Our findings confirm that there is important geographic vari-
ation in hypertension prevalence among US blacks and whites.
Hypertension prevalence was higher among blacks born in
southern states than those born in non-southern states, and was
significantly higher among blacks living in Forsyth, Baltimore
and New York than in those living in Chicago. Important
heterogeneity was also observed in whites: Southern-born
whites had marginally higher hypertension prevalence than
non-southern-born whites and whites living in Forsyth and
Baltimore had significantly higher hypertension prevalence
than those in Chicago. Adjustment for SEP and neighborhood
characteristics reduced many of these associations. Additional

50

adjustment for hypertension risk factors generally had little
impact.

An important consequence of this geographic heterogeneity
is that differences in hypertension prevalence between blacks
and whites are not constant but vary substantially depend-
ing on which geographic groups are compared. In a model
adjusted for demographics, parental and individual SEP, and
neighborhood characteristics, hypertension prevalence was
57% higher among southern-born blacks compared with non-
southern-born whites. In contrast, hypertension prevalence
was only 18% higher among foreign-born blacks compared
with southern-born whites. The differences were even more
striking when comparing race differences in hypertension
prevalence across place of residence. Hypertension prevalence
was 82% higher among blacks living in Forsyth compared
with whites living in Chicago. On the other hand, hyperten-
sion prevalence was just 13% higher among blacks living in
Chicago compared with whites living in Forsyth, a difference
similar to within-race differences in hypertension prevalence

JANUARY 2010 | VOLUME 23 NUMBER 1| AMERICAN JOURNAL OF HYPERTENSION
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Table 3 | Prevalence ratios of hypertension among whites by place of birth and place of residence before and after adjustment
for socioeconomic factors, neighborhood characteristics, and hypertension risk factors

Born in southern state
Foreign-born

Born in non-southern
state

Forsyth
New York
Baltimore
Los Angeles
Chicago

Parental education less
than HS

Parental education HS
complete

Parental education
college complete

HS or less

Some college/technical
degree

Bachelors/graduate
degree

Income <$25,000
Income $25,000-539,999
Income $40,000-574,999
Income >$74,999

Neighborhood physical
environment

Neighborhood social

Model 12
1.15(0.98, 1.35)
0.90(0.71,1.14)
1.00 (ref.)

1.32(1.09, 1.60)
1.01(0.79,1.28)
1.24(1.05,1.47)
1.20(0.93, 1.56)
1.00 (ref.)

Model 2@
1.14(0.97,1.34)
0.91(0.71,1.15)
1.00 (ref.)

1.30(1.08, 1.58)
1.00(0.79, 1.27)
1.22(1.03, 1.44)
1.20(0.93, 1.55)
1.00 (ref.)

1.12(0.95,1.31)

1.03(0.88,1.20)

1.00 (ref.)

Model 32
1.12(0.95,1.32)
0.90(0.71,1.14)
1.00 (ref.)

1.23(1.01, 1.50)
0.99(0.78,1.26)
1.17(0.98, 1.39)
1.13(0.88, 1.47)
1.00 (ref.)

1.03(0.87,1.23)

0.99(0.84,1.15)
1.00 (ref.)

1.24(1.05,1.47)
1.17(1.00, 1.36)

1.00 (ref.)

0.97 (0.80, 1.18)
1.02(0.84,1.22)
1.09(0.94,1.27)
1.01(0.95,1.07)

Model 4°
1.13(0.96, 1.33)
0.90(0.71,1.15)
1.00 (ref.)

1.32(0.95, 1.84)
1.01(0.80, 1.29)
1.26 (0.99, 1.60)
1.22(0.90, 1.66)
1.00 (ref.)

1.04(0.87,1.24)

0.99(0.85,1.16)

1.00 (ref.)

1.26(1.06, 1.49)
1.17(1.01,1.36)

1.00 (ref.)

0.98(0.80, 1.21)
1.03(0.85,1.24)
1.10(0.94, 1.28)
1.00 (ref.)

1.05(0.95,1.16)

1.05(0.91,1.22)

Model 5¢
1.17(1.00, 1.38)
0.89(0.71,1.13)
1.00 (ref.)

1.29(0.94,1.78)
1.03(0.81,1.31)
1.21(0.91,1.62)
1.01(0.85, 1.20)
1.00 (ref.)

1.01(0.85, 1.20)

0.96(0.82,1.12)

1.00 (ref.)

1.24(1.05,1.47)
1.16(1.00, 1.35)

1.00 (ref.)

0.94(0.76, 1.16)
0.98(0.82,1.19)
1.07(0.92, 1.25)
1.00 (ref.)

1.05(0.96, 1.15)

1.05(0.91,1.21)

environment

HS, high school.

aAdjusted for age and sex in addition to all the variables shown. PAdjusted for age, sex, years in current neighborhood in addition to all the variables shown. ‘Adjusted for age, sex, years
in current neighborhood, BMI, alcohol use, cigarette smoking, diet, and exercise in addition to all the variables shown.

by residence. The presence of large variations in black-white
differences suggests that race differences are not immutable
and may vary substantially according to the social and envi-
ronmental context.

Adjustment for hypertension risk factors had little impact
on the associations between place of residence and hyperten-
sion. Although diet was not included in the analyses due to
missing data, the inclusion of a Dietary Approaches to Stop
Hypertension (DASH)?>?* adherence measure derived from
a food frequency questionnaire did not substantially modify
results (data not shown). The failure of established risk factors
to fully explain geographic variability is consistent with prior
studies.”® Possible explanations include measurement error
in risk factors and an absence of risk factor history, which
both limit our ability to examine the role of these factors as
contributors to geographic differences.

Other work has previously reported differences in
hypertension incidence and prevalence by region within the
US, and our findings are generally consistent with prior results
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showing higher levels of hypertension among those living
in southern states.”” Our study builds on prior research by
examining not only place of current residence, but also place
of birth. We found that being born in southern states was
associated with increased probability of being hypertensive
independent of place of residence. These findings are consist-
ent with mortality studies in Ohio and New York City which
showed that cardiovascular disease mortality rates were higher
among blacks born in the South than those born in other parts
of the country regardless of where they later lived.!%!!

There are several plausible mechanisms through which
characteristics of place of birth may influence hypertension.
Individuals who leave the South may bring along adverse
eating habits. Persons living in the South report consuming
lower levels of fiber and higher amounts of sodium and cho-
lesterol compared with persons living in the Northeast, the
Midwest, and the West.?* Lower SEP in childhood may have
persistent effects leading to hypertension in adulthood,?>~?’
and educational attainment and per capita income have
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Table 4| Prevalence ratios of hypertension by race and study site

Model 2
1.39(1.23,1.56)
1.18(0.95, 1.47)
1.28(1.11, 1.48)
1.00 (ref.)
0.79(0.61,1.02)
0.89(0.78,1.01)

Model 1
Southern-born blacks 1.57 (1.41,1.74)
Foreign-born blacks 1.33(1.09, 1.63)
Non-southern-born blacks 1.45(1.29,1.62)
Southern-born whites 1.13(0.99, 1.29)
Foreign-born whites 0.89(0.70,1.13)
Non-southern-born whites 1.00 (ref.)
Forsyth blacks
New York City blacks

Baltimore blacks
Chicago blacks

Los Angeles blacks
Forsyth whites

New York City whites
Baltimore whites
Los Angeles whites

Chicago whites

Model 3

1.82(1.43,2.31)
1.61(1.35,1.93)
1.65(1.35,2.01)
1.45(1.21,1.75)
1.49(1.18,1.88)
1.29(1.01, 1.63)
0.98(0.77,1.25)
1.19(0.97,1.45)
1.14(0.87,1.51)

Geographic Variation in Hypertension

Model 4

1.41(1.25, 1.60)
1.26(1.03,1.53)
1.28(1.11, 1.48)
1.13(0.92,1.39)
1.16(0.95, 1.41)
1.00 (ref.)

0.76(0.58,1.01
0.92(0.78,1.09

)
)
0.89(0.68, 1.16)
1.00 (ref.) 0.78(0.61,0.99)

Models adjusted for age, sex, place of residence, parental education, individual socioeconomic position, and neighborhood characteristics.

traditionally been lower in the South than other parts of the
country.?$2° In our study, associations were not substan-
tially modified after adjustment for parental or adult SEP or
available behavioral factors, but the measures we had avail-
able were limited. The DASH dietary adherence measure we
investigated in sensitivity analyses was not associated with
hypertension in this sample, and did not contribute to geo-
graphic differences. However, diet is notoriously difficult to
measure and deserves further exploration as a contributor to
geographic differences. In addition, a number of studies have
reported an inverse relationship between birth weight and
adult blood pressure®® and the prevalence of low birth weight
is higher in the South.3! Unfortunately birth weight data were
not available in our sample.

One limitation of this study is that we do not have complete
information on where the participants lived between when
they were born and the time they joined the MESA study.
However, we do have a 20-year residential history on 3,380
black and white participants included in these analyses. These
data show that the majority of blacks and whites (~80-87%
depending on the state) lived in the same state 20 years
ago as they did at the start of the study. These data suggest
that measures based on current residence reflect long-term
exposures.

Our results reveal substantial geographic heterogeneity in
hypertension prevalence within race/ethnic groups and also
demonstrate that black-white differences vary substantially
depending on which geographic groups are compared. A
better understanding of the presence and causes of geographic
differences in hypertension within and across race/ethnic
groups may help guide efforts to prevent the disease and
reduce the disparity.
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