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In recent decades, researchers have struggled
to determine the causes of racial disparities in
health. Many biomedical researchers have
speculated that underlying genetic differences
between races may contribute to these dispar-
ities. With the increasing availability of high-
throughput genotyping platforms, a wealth of
genomic data is now available to help address
this issue. One consequence is that more re-
searchers are estimating genetic ancestry to
capture a presumed genetic basis of racial
disparities in health."~> However, any associa-
tions found between genetic ancestry and
disease could alternatively be explained by
unmeasured environmental factors that are
also associated with African genetic ancestry
and contribute to health disparities, such as
socioeconomic status (SES), neighborhood en-
vironment, and psychosocial factors including
perceived stress or discrimination.*”” There-
fore, to avoid unwarranted inferences about
the magnitude of genetic influences on health
disparities, it is critical for any analysis of
ancestry and disease to include appropriate
social-environmental variables.
Social-environmental factors may be es-
pecially important when one is studying a
complex disease such as hypertension. Com-
plex diseases, by definition, involve multiple
environmental and genetic causes, as well as
interactions within and between them. Many
studies have identified important social—en-
vironmental influences on racial inequalities
in hypertension, such as SES, psychosocial
stressors, and neighborhood environ-

ment,8_13

whereas other studies have begun
to identify relevant genetic variants, such as
those in the rennin—angiotensin—aldosterone
axis and the adrenergic system.'*"” Few
studies, however, have examined genetic and
environmental factors simultaneously. The
limited scope of this research to date has
slowed progress toward explaining racial in-
equalities in hypertension and other complex
diseases.
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Objectives. We assessed the relative roles of education and genetic ancestry in
predicting blood pressure (BP) within African Americans and explored the
association between education and BP across racial groups.

Methods. We used t tests and linear regressions to examine the associations
of genetic ancestry, estimated from a genomewide set of autosomal markers,
and education with BP variation among African Americans in the Family Blood
Pressure Program. We also performed linear regressions in self-identified
African Americans and Whites to explore the association of education with BP
across racial groups.

Results. Education, but not genetic ancestry, significantly predicted BP
variation in the African American subsample (b=-0.51 mm Hg per year
additional education; P=.001). Although education was inversely associated
with BP in the total population, within-group analyses showed that education
remained a significant predictor of BP only among the African Americans. We
found a significant interaction (b=3.20; P=.006) between education and self-

identified race in predicting BP.

To address the relevance of both genetic and
environmental factors in racial inequalities in
hypertension, we tested associations between
genetic ancestry, education, and blood pressure
(BP) among Whites and African Americans in
the Family Blood Pressure Program (FBPP)
study. A previous analysis of this data set
by Tang et al. found no evidence of a statisti-
cally significant association between African ge-
netic ancestry and blood pressure.” They con-
cluded nonetheless that the results were
“suggestive of genetic differences between Af-
ricans and non-Africans that influence blood
pressure, but such effects are likely to be modest
compared to environmental ones.” 2P?% No
environmental variables were included in
their study, however. Here we reexamine the
FBPP data set to test how the addition of
education affects the association between
ancestry and BP in African Americans. We
also explored the association between educa-
tion and blood pressure across racial groups.
We hypothesized that education would show

Conclusions. Racial disparities in BP may be better explained by differences in
education than by genetic ancestry. Future studies of ancestry and disease
should include measures of the social environment. (Am J Public Health. 2012;
102:1559-1565. doi:10.2105/AJPH.2011.300448)

a greater association with BP than would
African ancestry among African Americans,
and that the association between education and
BP may vary by racial and gender groups.

METHODS

We used data from the large, publicly avail-
able multicenter FBPP study of 11 357 self-
identified White, African American, Mexican
American, and Asian individuals. The FBPP
study was established in 1995 by the National
Heart, Lung, and Blood Institute for the pur-
pose of studying hypertension and cardiovas-
cular outcomes in multiple ethnic groups.
These data were compiled from 13 different
field centers, using standardized clinical and
genotyping protocols, as described in detail by
the FBPP investigators.'® As our study was
focused on Black—White disparities in BP, we
only included African American and White
individuals. African American individuals came
from field sites in Birmingham, Alabama;
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Forsyth County, North Carolina; Jackson, Mis-
sissippi; and Maywood, Illinois. The White
individuals came from field sites in Tecumseh,
Missouri; Rochester, Minnesota; Forsyth
County, North Carolina; Minneapolis, Minne-
sota; Framingham, Massachusetts; and Salt
Lake City, Utah. The participants included in
this study had a mean age of 45.29 years
(range = 13-80 years), and 55.9% of partici-
pants were female. We obtained institutional
review board approval from the University of
Florida to analyze the FBPP data set.

We conducted 2 main sets of analyses.
The first set was designed to address within-
group hypotheses about relationships of ge-
netic ancestry, education, and blood pressure
in African Americans. We constructed 2 data
sets from the full FBPP database for within-
group analyses with the following inclusion
criteria: (1) a sample of unrelated African
American individuals with relevant phenotype
data and more than 80% complete genotypes
(n=1077) for ¢ tests of ancestry and hyper-
tensive status, and (2) a sample of African
Americans including all individuals with an-
cestry measures (n=1463) for regression anal-
yses, including both related and unrelated
individuals, as relatedness could be accounted
for in the modeling of the various BP measures.

Next, we conducted a series of analyses to test
between-group hypotheses of education and
blood pressure, using 2 additional data sets: (1)
all unrelated African Americans and Whites
with BP measures and education data (n = 1604
African Americans and n= 1283 Whites) for
ttests of education and continuous BP measures,
and (2) all African Americans and Whites with
BP measures and education data, including re-
lated and unrelated individuals, but excluding
those who were taking hypertensive medication
(n=2034 African Americans; n= 1656
Whites). As the FBPP data set was comprised of
large pedigrees, and some tests required only
unrelated individuals, a single individual was
chosen from each pedigree to create the un-
related data sets in the manner described by
Tang et al"®

We used 3 measures of blood pressure—
systolic blood pressure (SBP), diastolic blood
pressure (DBP), and mean arterial pressure
(MAP)—along with a categorical variable of
hypertensive status. The BP measures were
averaged from (usually) 3 measurements taken
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in a single clinic visit using a Dinamap in-
strument (GE Healthcare, Milwaukee, WI), or
if unavailable, an Omron mstrument (Omron
Healthcare, Lake Forest, IL). The FBPP investi-
gators classified hypertensive status as hyper-
tensive or normotensive based on consideration
of clinical blood pressure measurements and
antihypertensive medication status, although
precise ascertainment criteria varied among
FBPP networks.'® Additional covariates in-
cluded in regression models were age (in years),
gender, self-identified race (as chosen from
census categories), field site from where indi-
viduals were recruited, and education level.

We coded education in 3 different ways: (1)
as a continuous variable, ranging from no
school to 1 or more years of graduate school;
(2) as a 5-category variable of less than a high-
school degree, high-school degree, some voca-
tional—-technical school, some college, and
some graduate school; and (3) as a 2-category
variable of less than or equal to a high-school
degree, and greater than a high-school degree.
We excluded individuals in categories of “no
school” and “1st grade” from all analyses
as there were too few for statistical comparison
(n=3).

Our methods for estimating the continuous
variable of genetic ancestry of the African
Americans closely follow those of Tang et al. >
to facilitate comparison across studies. In brief,
we used a Bayesian estimation technique
within the program Structure 2.2%° to assign
a probability of African genetic ancestry
to each individual, based on genotype fre-
quencies among a set of genomewide markers
measured in both the study population and in
the putative parental populations. As African
Americans are an admixed population of Eu-
ropean and African ancestry, we used a set
of randomly selected unrelated self-identified
Whites from across all FBPP networks
(n =1300) to represent the parental European
population, and all unrelated sub-Saharan
Africans from the World Diversity Panel
(n = 119) to represent the parental African
population. We used a matching set of 294
autosomal microsatellite markers for the an-
cestry estimation because they were common
between the available data sets on the 2
parental populations and the FBPP samples.
The average values of African ancestry among
hypertensives (80.7%) and normotensives

(79.1%) differed from those reported by Tang
et al. (hypertensives: 86.4% vs normoten-
sives: 85.1%) because of differences in study
participants available in the online public
database versus the internally pooled data-
bases of Tang et al.?

Statistical Analyses

Analyses of genetic ancestry and blood
pressure. We used t tests to test for significant
differences in African genetic ancestry between
individuals who were hypertensive and nor-
motensive among the unrelated African
Americans within each field site and across all
sites. We used multiple linear regression
models to test for associations between African
genetic ancestry and each response variable
of blood pressure (i.e, SBP, DBP, and MAP) in
all untreated African American participants,
including related individuals. Each model ad-
justed for age, body mass index (BMI; defined
as weight in kilograms divided by the square of
height in meters), gender, and field site. We
constructed 2 interaction terms to test for
interactions between age and gender, which
was significant in previous studies,® and be-
tween education and ancestry. Only the in-
teraction between age and gender was included
in final models of SBP, where it was a signifi-
cant predictor (but not in the models of DBP or
MAP, where it was not significant). The in-
teraction between education and ancestry was
not significant.

Analyses of education and blood pressure. We
used ¢ tests and analyses of variance to com-
pare mean differences in SBP, DBP, and MAP
between the 2 and 5 education categories in
the total sample of unrelated African Ameri-
cans and Whites, and also separately within
each racial group. We also used regression
models to test for associations between educa-
tion and each BP variable (i.e., SBP, DBP,
and MAP) in the total set of combined and
related African American and White samples.
We adjusted the models for age, gender, BMI,
self-identified race, field site, and cross-product
interactions between education and self-iden-
tified race and between age and gender. We
constructed other cross-product interaction
terms to test for all 2-way interactions and a 3-
way interaction among gender, self-identified
race, and education. To demonstrate direction
and magnitude of interactions, we estimated
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mean SBP measures for each racial and gender
group by using LSMEANS in SAS version 9.2
(SAS Institute, Cary, NC).

Sensitivity Analyses

We tested 2 different modeling techniques
to adjust for relatedness in the regression
analyses. We modeled the presented data with
generalized estimating equations (GEE) using
PROC GENMOD in SAS version 9.2 and an
exchangeable working correlation matrix to
account for correlated observations within
families.' The second method used a random
effects model in SOLAR version 4.0.7 (South-
west Foundation for Biomedical Research,
San Antonio, TX), which uses pedigree infor-
mation to calculate residual heritability, a ran-
dom effect included in the modeling of the
BP outcome. Both methods produced similar
results; only the regression estimates based on
GEE are presented. Note that under the GEE
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modeling, measures from related individuals
were correlated with each other and, thus,
standard R? values could not be estimated.
Quasilikelihood under Independence Model
Criterion (QIC) values are reported in each table
as a measure of goodness of fit of the model,
which is analogous to the Akaike information
criterion in likelihood-based methods. QICu
adds a penalty to Q based on the number
of parameters, and the smaller QIC is preferred.
We examined regression diagnostics with
plots of residuals against predictors in each
model. As some plots of residuals were imper-
fectly centered, and because residual kurtosis
was high in all the SOLAR models, we also
tested BP outcomes following a log-transfor-
mation. The transformed models showed the
same substantive results; the non—log-trans-
formed results are reported in all tables for ease
of interpretation. Finally, we tested regression
diagnostics for multicollinearity and found it
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Note. AA = African American; SBP = systolic blood pressure. Interaction plots of education x self-identified race, with
education divided into less than or equal to a high-school degree, or greater than a high-school degree (a), and separated by
gender (b). SBP measures are adjusted for covariates of age, gender, age x gender, and body mass index (defined as weight
in kilograms divided by the square of height in meters).
FIGURE 1—Interaction plots of self-identified race and education: US Family Blood Pressure
Program, 1996-2000.

to be satisfactory across all models (maximum
variance inflation factor=1.09). We conducted
all presented analyses in SAS version 9.2.

RESULTS

Average levels of African ancestry did not
differ significantly between hypertensive or
normotensive individuals in the total African
American sample (P=.103), or at each indi-
vidual field site (all P>.2; Table 1). These
results are comparable to those of Tang et al.

Modeling Ancestry, Education, and Blood
Pressure

In the African American sample, none of the
regression models found African ancestry to
be a significant predictor of BP, either as a main
effect or in an interaction with education.
Model A showed that the association of African
ancestry with SBP was not significant, after
we adjusted for age, gender, BMI, and field center
(Table 2). In model B, we added education as
a continuous variable and found it to be a signif-
icant predictor of SBP (P=.001). Specifically, the
coefficient for education suggested that each
increasing year of education was associated with
a 0.51-millimeter of mercury decrease in SBP.
We did not find an interaction term between
education and ancestry to be significant (data
not shown). We found similar results with mea-
sures of DBP and MAP (Tables A and B, available
as a supplement to the online version of this article
at http://www.ajph.org); for example, African
ancestry was not significantly associated with
either BP measure, but education showed a signif-
icant negative association with MAP (P=.011,;
Table A, available as a supplement to the online
version of this article at http://www.ajph.org).

In regression analyses where education was
divided into 2 categories, education less than or
equal to a high-school degree predicted a sig-
nificant increase in SBP by 3.77 +1.38 milli-
meters of mercury (P=.006) relative to those
with greater than a high-school degree,
whereas African ancestry had no statistically
significant effect on SBP (b=6.29 +4.57;
P=.168), and the interaction term between
ancestry and education was not significant.
Substantive results did not change when we
coded education as 5 categories (text available
as a supplement to the online version of this
article at http://www.ajph.org). We also note

Non et al. | Peer Reviewed | Research and Practice | 1561


http://www.ajph.org
http://www.ajph.org
http://www.ajph.org

TABLE 1—Mean Levels of African Genetic Ancestry in Unrelated African American
Individuals by Hypertensive Status: US Family Blood Pressure Program, 1996-2000
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Normotensive Hypertensive
No. Mean £=SD (95% ClI) No. Mean =SD (95% Cl) o p?
Maywood, IL 135  0.80 £0.10 (0.782, 0.818) 60 0.81 *£0.11 (0.779, 0.836)  0.007 .654
Jackson, MS 21 0.79 +£0.12 (0.731, 0.841) 262  0.79 *=0.12 (0.778, 0.809)  0.007  .804
Forsyth County, NC 42 0.76 +£0.13 (0.721, 0.802) 150  0.79 *0.11 (0.766, 0.803)  0.023  .257
Birmingham, AL 28 0.80 +0.09 (0.770, 0.838) 379  0.82 =0.09 (0.812, 0.830) 0.017  .322
Total African Americans 226  0.79 +0.11 (0.778, 0.806) 851  0.81 *0.11 (0.798, 0.812)  0.013  .103

and at all sites combined.

Notes. Cl = confidence interval; & = mean difference in genetic ancestry between normotensive and hypertensive groups.
2P value for t tests of difference in levels of genetic ancestry between normotensive and hypertensive individuals at each site

that across all models, gender had a strong

and statistically significant association with BP,

such that men were predicted to have 18.95

millimeters of mercury higher SBP, 4.16 milli-
meters of mercury higher DBP, and 8.72
millimeters of mercury higher MAP, compared
with women (all P<.001).

Education and Blood Pressure in African
Americans and Whites

We next explored the role of education in
predicting BP disparities between African

Americans and Whites. Educational achieve-
ment was not evenly distributed across racial
groups in this sample; 28.4% of the African
American sample had less than a high-school
degree versus only 6.5% of the White sample.
In the total combined sample, SBP and MAP,
but not DBP, were significantly higher among
people with less than or equal to a high-school
degree relative to those with greater than a high-
school degree (6 SBP=4.9 mm Hg; P<.001;
8 MAP=1.87 mm Hg; P<.001; § DBP=
0.35 mm Hg; P=.423). However, the role of

TABLE 2—Linear Regression Models for Systolic Blood Pressure in African Americans (n =
1463): US Family Blood Pressure Program, 1996-2000
Model A Model B
b (SE) P b (SE) P

Intercept 70.81 (4.74) <.001 80.69 (5.29) <.001
Age 0.70 (0.06) <.001 0.67 (0.06) <.001
Gender: male vs female 18.06 (3.05) <.001 17.94 (3.05) <.001
Age x gender -0.26 (0.08) .001 -0.27 (0.08) <.001
BMI 0.61 (0.07) <.001 0.60 (0.07) <.001
Field site

Jackson, MS, vs Maywood, IL -8.04 (1.63) <.001 -7.48 (1.62) <.001

Forsyth County, NC, versus Maywood -4.11 (1.81) .023 -3.46 (1.80) .054

Birmingham, AL, vs Maywood, IL 0.27 (1.29) .836 0.69 (1.29) .59
African ancestry 7.33 (4.74) A1 5.23 (4.56) 251
Education® . -0.51 (0.15) .001
QICu 1472.0 1473.0
Note. b = unstandardized regression coefficient; BMI = body mass index (defined as weight in kilograms divided by the square
of height in meters); QIC = independence model criterion; QICu adds a penalty to Q based on the number of parameters, and
the smaller QIC is preferred.
®Education is treated as a continuous variable.
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education differed within each racial group. In
the African American sample, SBP and MAP
were higher among those with less than or equal
to a high-school degree, but we found no
significant differences by education in the White
sample (Table 3). We found that DBP did not
differ significantly by education within either
group (data not shown). We found similar
results with analyses of variance when we
divided education into 5 categories (text avail-
able as a supplement to the online version of this
article at http://www.ajph.org).

We next tested for associations of education
and self-identified race with BP using linear
regressions in the combined African Ameri-
can—White sample (Figure 1 and Table C,
available as a supplement to the online version
of this article at http://www.ajph.org). The
interaction term between education and race
was significant for SBP, DBP, and MAP (Table
C, available as a supplement to the online
version of this article at http://www.ajph.org).
The difference in BP between those with
a high-school degree or less education and
those with greater than a high-school degree
was greater for African Americans (e.g.,
b-SBP =4.68 +0.83 mm Hg; P<.001) than for
Whites (b-SBP=1.48 +0.83 mm Hg; P=.077);
we saw similar results with DBP and MAP.

In these analyses, gender again showed the
strongest association with BP such that men
were predicted to have 18.13 millimeters

of mercury higher SBP, 3.09 millimeters of
mercury higher DBP, and 8.08 millimeters of
mercury higher MAP than women (all P<.001)
when we adjusted for other variables in the model.

Given the magnitude of gender estimates
across all analyses, we also tested for interac-
tions between race and gender, gender and
education, and a 3-way interaction among race,
gender, and education. None of these interac-
tions were significant. When we compared
estimates of SBP from models stratified by
gender, African American men were predicted
to have the highest average SBP, followed by
White men, African American women, and
White women across the levels of education
(Figure 1). The decline in SBP with increasing
education was sharper in African American
men and women than in White men or women
(Figure 1). This pattern was similar when we
tested the same model with 5 categories of
education (text available as a supplement to the
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TABLE 3—Comparison of Systolic Blood Pressure, Diastolic Blood Pressure, and Mean Arterial Pressure in African American
and White Individuals Across Low and High Education With t Tests: US Family Blood Pressure Program, 1996-2000

African Americans Whites
< High-School Degree > High-School Degree Diff  t Value (P) < High-School Degree > High-School Degree S tValue (P)
No. 960 644 560 666
Mean systolic BP +SD (95% Cl) 136.2 £23.08 (134.8, 137.7) 131.0 +20.17 (129.5, 132.6) 5.190 4.64 (<.001) 127.6 *£21.13 (125.8, 129.3) 1253 +19.69 (123.8, 126.8) 2.24  1.91 (.056)
Mean diastolic BP +SD (95% Cl) 75.4 +12.3 (74.6, 76.2) 75.0 £11.2 (74.1, 75.9)  0.436 0.73° (463) 70.5 *£10.6 (69.7, 71.4) 71.6 £11.1 (70.8, 72.5)  -1.08 -1.73 (.085)
Mean arterial pressure +SD (95% Cl)  95.70 =14.5 (94.8, 96.6) 93.7 £12.8 (92.7,94.7)  2.021 2.95° (.003) 89.6 +12.8 (88.5, 90.6) 89.5 +12.8 (88.6, 90.5) 0.028 0.04 (.97)

*Satterthwaite method used as variances were not equal.

online version of this article at http://www.
ajph.org).

DISCUSSION

The availability of data on genetic ancestry
and education in the FBPP data set allowed
a comparison of genetic versus environmental
hypotheses for excess hypertension among
African Americans. Consistent with previous
analyses, we found that genetic ancestry was
not associated with BP. However, we did
identify a significant association between edu-
cation and BP that had not previously been
found in this data set. Even after we adjusted
for ancestry and all other covariates, each year
of education was associated with a 0.51-milli-
meter of mercury decrease in blood pressure.
This result is in line with an earlier study
that reported a similar 2-millimeter of mercury
difference in SBP between those with a high-
school diploma or less and college graduates.**
Thus, with just 4 years of additional education,
our predicted decrease of 2 millimeters of mer-
cury SBP is estimated, on a population level,
to result in a considerable reduction in mortality
attributable to BP-related diseases—for example,
a 17% decrease in hypertension.?>-2°

These results are consistent with general
findings in the literature that education is as-
sociated with risk of complex diseases and
mortality.>4~3° Braveman et al.®' specifically
highlighted 3 interrelated pathways through
which education likely confers health bene-
fits: (1) increased health knowledge and im-
proved health behaviors,>? (2) improved
employment opportunities (e.g., better work-
ing conditions, health care, and income),33
and (3) a positive influence on psychosocial
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Note. BP = blood pressure; & = mean difference in blood pressure between racial groups; Cl = confidence interval.

factors (e.g., increased sense of control, sub-
jective social status, and social support).>3*35
Education may also serve as a marker for
personality traits that are associated with better
health.*®3” Regardless of the direct mechanism,
it is clear that education is significantly associated
with BP, whereas African genetic ancestry is not.
These findings shed new light on recent
studies that claim a genetic basis to dis-

6358,1'38’39

often based solely on genetic an-
cestry measures—or sometimes without any
genetic data at all.** We have demonstrated
that even a single crude measure of the social
environment, such as education, can better
explain variation in BP than can genetic an-
cestry. Our result is consistent with recent
studies that have shown genetic ancestry to
be a poor predictor of BP, whereas other mea-
sures of the social environment better explain
variation in BP.*'"*?
Education and Racial Disparities in
Blood Pressure

Across all our analyses, we found that the
association between education and BP was
stronger in African Americans than in Whites,
suggesting that educational inequalities may
contribute, in part, to racial disparities in BP.
The differential association between BP and
education across racial groups contributes to the
long-standing debate over the relationships
among SES, race, and health disparities.?%4+-40
Although race and SES are clearly important
predictors of health, controversy remains over
the direction of the interaction between SES
and race, which often differs according to
ethnic group, geographic location, or disease
phenotype under study. One hypothesis,
termed “minority poverty,” posits that the

largest gap in health between African Ameri-
can and White Americans is at the lower end of
the SES spectrum, and this gap diminishes as
health improves for African Americans at
higher SES levels. This hypothesis is based on
the compounded disadvantages faced by Afri-
can American people living in poverty and
experiencing discrimination, which exaggerate
the differences in health at lower levels of
SES.2® An alternative hypothesis of “diminish-
ing returns” suggests that a greater gap in
health is found at the higher end of the SES
spectrum.?8*7~*° This gap is explained by the
idea that African Americans do not benefit as
much as Whites from higher SES, or higher
education in particular, perhaps because of fewer
income benefits of higher education or the stress
resulting from greater awareness of social in-
justices and discrimination at higher levels of SES.
Our results support the minority poverty
hypothesis because the worst blood pressures
were predicted for people who faced the
double burden of being less educated and
identifying as African American (Figure 1). The
direction of the significant interaction between
race and education in the 2-level education
model suggests that African Americans derive
greater health benefit from higher education
than do Whites. The direction of the interac-
tion was the same in the 5-level model,
although the interaction was not significant,
likely because of reduced power when educa-
tion was divided into 5 categories. Neverthe-
less, it is clear that increasing education was
associated with reduced blood pressure in the
African American sample more than in the
White sample, suggesting that increasing Afri-
can Americans’ access to educational resources
may help diminish the racial disparity in BP.
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Limitations and Strengths

There are several limitations to our study
that are worth noting. First, genetic ancestry
was estimated from only 294 loci and a wide-
spread set of parental populations from
throughout Africa that may not best represent
the West African ancestry of African Ame-
ricans. A larger set of markers and alternative
reference populations could potentially alter
the relationship between ancestry and BP.

Second, in our analyses, education served as
the only available measure of the social envi-
ronment. Education is only 1 aspect of SES
among many other important factors including
wealth and residential neighborhood environ-
ment.’® However, the significance of a simple
measure of education level in these analyses
suggests that when multiple measures of the
socioeconomic environment are not readily
available, simple proxies for SES, such as
education, can still be useful for capturing an
aspect of the social environment that is feasible
to assess in genetic studies. Other, more com-
prehensive measures of the sociocultural envi-
ronment—such as residential segregation,
psychosocial stress, and everyday discrimination—
may help to account more fully for excess BP
among African Americans.®®"! Finally, we re-
cognize that other risk factors, such as dietary
sodium intake, are also associated with BP, though
the magnitude of these effects remains un-
clear.%*3 The FBPP data set does not have these
data, and thus it remains for future studies to
determine whether the addition of other variables
alters the associations we observed.

Conclusions

We found that education, but not genetic
ancestry, was associated with BP among Af-
rican Americans in the United States. Further-
more, education was significantly associated
with BP in African Americans, but not in
Whites, suggesting that improved access to
education in African American communities
may help to reduce racial inequalities in health.
An important next step is to explore the
mechanisms by which higher education is
associated with reduced hypertension and, in
particular, why the association is stronger
among African Americans than among Whites.
One hypothesis is that BP-related stressors,
such as poverty, racial discrimination, and
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perhaps social isolation, are higher in African
American than in White communities in the
United States, and that higher education may
reduce these stressors by enhancing social
networks or by increasing material wealth.
Further studies are also needed to determine
whether education is causally related to BP or
if it only serves as a marker for other aspects
of the social environment. Our results also
imply that future genetic research on racial
disparities in health must explicitly measure
social-environmental variables to test competing
explanations for racial inequalities in health. m
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