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Objective: We investigated the associations

between hypertension status and the genotypes

of four single nucleotide polymorphism (SNP)

sites in four hypertension-related genes (Angio-

tensinogen [AGT], Angiotensin I Converting En-

zyme [ACE], Angiotensinogen II receptor, subtype

1 [AGTR1], and Alpha 1-Antichymotrypsin [ACT

or SERPINA3]), in an African American sample.

Methods: DNA from 628 participants of the

Carolina African American Twin Study of Aging

project, a population-based study of African

American adult twins, was genotyped using

SNPs shown to be associated with hyperten-

sion in other studies.

Results: The ACE SNP (ACE4 or A-240T) was

associated with hypertension (P5.047 in a

generalized estimating equations alternating

logistics regression model that included age,

body mass index, sex, and education. The

analysis indicated a protective effect of the TT

genotype (odds ratio [OR] 1.59, 95% confi-

dence interval [CI] 1.03–2.48, P5.04) and of

the AT genotype (OR 1.91, 95% CI 1.01–3.62,

P5.047) compared with the AA genotype.

Discussion: These results extend previous

findings of associations of various polymor-

phisms of ACE to hypertension and support the

association of hypertension to the A allele of

ACE4. The potential for this polymorphism to

alter expression by its position in the gene’s

promoter region suggests that future studies of

altered ACE protein activity are warranted.

(Ethn Dis. 2009;19:18-22)

Key Words: African Americans, Blood Pres-

sure, Polymorphism, Population Stratification

INTRODUCTION

Hypertension is a major cause of

death and functional decline among

older African Americans.1,2 By ages

51–61 years, more than 50% of African

Americans report that they have been

diagnosed with hypertension.3,4 Epide-

miologic studies of hypertension have

documented strong associations with

socioeconomic status, body mass, and

smoking among both African Ameri-

cans and Caucasians.3–5 Progress in

understanding and treating hyperten-

sion will help reduce the disparity in

mortality and morbidity due to hyper-

tension in African Americans compared

with Caucasians in the United States.6

Hypertension is, in part, genetically

patterned,7,8 and the renin-angiotensin-

ogen system is a biochemical pathway

that regulates blood pressure that has

received much attention in recent years.

Three genes in particular have been

associated with an increased risk for

hypertension: Angiotensinogen (AGT),

Angiotensin Converting Enzyme (ACE),

and Angiotensin II receptor 1 (AGTR1).

AGT encodes the precursor protein that

is proteolytically cleaved into angioten-

sin 1 by renin. AGT has been associated

with hypertension in some9 but not all

studies,10–14 in spite of the fact that

alleles and haplotypes of the gene are

consistently associated with plasma

levels of AGT.14

Angiotensin-converting enzyme

(ACE) catalyzes the conversion of
Angiotensin 1 to the active peptide

angiotensin 2, the active peptide hor-

mone in blood pressure regulation.
Several investigations have described

genetic associations of multiple ACE
polymorphisms with hypertension.
Conflicting results as to a relationship

between hypertension and ACE have

been reported from linkage and associ-
ation studies.15–19 Most of these studies

focus on an insertion/deletion polymor-

phism in the 16th intron, but little work
has focused on the 59-end of the gene,

which displays weak linkage disequilib-
rium with the 39-end of the gene.

The AGTR1 gene encodes the

angiotensin 2 receptor type 1, which
regulates the hormone’s cardiovascular

effects, but the exact nature of a genetic

association is unclear.17,20–23 The same
situation is present for the gene that

encodes alpha 1-antichymotrypsin

(ACT or SERPINA3), which is a
circulating protease inhibitor of the

SERPIN family, which increases in

plasma in response to trauma, surgery,
and infection and which acts to inhibit

chymase24 and cathepsin G,25 both of
which are able to convert angiotensin 1

to angiotensin 2. These secondary

pathways in the regulation of angioten-
sin 2 indicate a possible indirect route

by which polymorphisms in ACT could

alter blood pressure.

In the current investigation, the

main question was to what extent an

association exists between hypertension
status and the genotypes of single

nucleotide polymorphism (SNP) sites

in four relevant genes in a population-
based study of African Americans. The
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relationship between hypertension sta-
tus and the four SNP sites was further
investigated by examining the impact of
sex, age, body mass index (BMI), and
education.

METHODS

Participant Recruitment
This study is a part of Carolina

African American Twin Study of Aging
(CAATSA) project. In CAATSA, 706
persons were interviewed, which includ-
ed 101 identical twin pairs, 182 frater-
nal twin pairs, 62 siblings, and 78
singletons.26 For these analyses, single-
tons were excluded, which resulted in
628 participants for the analysis. Details
on the registry and sample ascertain-
ment can be found elsewhere.26 Demo-
graphic information is provided in
Table 1. Participants were considered
hypertensive for this study even if their
medications had brought their blood
pressure into the normal range. Blood
pressure was taken by using an oscillo-
metric automated device (A&D Medi-
cal model UA-767, Milpitas, Califor-
nia). A blood pressure cuff of
appropriate size was placed on partici-
pants’ bare arms to record three blood
pressure measurements while the partic-
ipant was sitting. The assessments took
place immediately after a five-minute
rest period to reduce the effect of stress
that may have arisen from performing
the other assessments in the battery. The
score for each participant was the
average of the assessments.

DNA Collection and Genotyping
Buccal DNA was collected from

cotton swabs.27 Some samples that were
low in concentration were amplified by
the whole genome amplification meth-
od by using the REPLI-g kit (Qiagen,
Inc, Valencia, California).

Genotypes were generated by Taq-
Man polymerase chain reaction (PCR)

using the following SNP assays: ACE,
C_11942507_10 (alternate names
rs4291, A-240T, or ACE4 28); AGTR1,
C_12080382_10 (rs5183, A44221G);
and ACT, C_2188895_10 (rs 4934,

ACT codon -17A). For the AGT SNP
(rs699, M235T), a melting curve method
was used29 to distinguish alleles based on
differences in melting temperatures (Tms)

of PCR products after restriction digest
(digested fragments have lower Tms than
the undigested parent fragment). Reac-
tions contained forward primer 59-AGG
CTG TGA CAG GAT GGA AG-39 and

reverse primer 59-CAG GGT GCT GTC
CAC ACT GGA CCC C-39 at 2 mmol/L,
13 PCR buffer, 200 mmol/L dNTP,
1.5 mmol/L MgCl2, and 2.5 U Taq

enzyme in a total volume of 20 mL.
Amplification was carried out on 50 ng
genomic DNA in a Gene Amp 9700
(Applied Biosystems, Foster City, Ca-
lifornia) using 35 cycles of 95uC for

60 seconds, 68uC for 60 seconds, and
72uC for 60 seconds, followed by one
cycle of 9 minutes at 72uC. After PCR,
the samples were digested with 1 U

TthIII restriction enzyme for 2 hours.
A 20-mL aliquot of digested product
was mixed with 30 mL of 14% DASH
solution, which is SYBR green 1

diluted 5000-fold in 14% formamide
in water. A melting curve was gener-
ated on an ABI 7300 thermocycler.
The uncut allele ‘‘T’’ produced a
fragment of PCR-amplified DNA with
a Tm581uC and the cut allele ‘‘C’’
produced two fragments with a peak in
the melting curve at 75uC.

Population Structure Analysis
The method proposed by Pritchard

and Rosenberg30,31 was used to assess the
possibility of population stratification in
the sample. The test statistic was com-
puted with STRAT software (http://
pritch.bsd.uchicago.edu/software.html).
Based on the genotype data of 90
unlinked markers, we determined wheth-
er cases and controls were appropriately
matched by summing the x2 test statistic
for case-control comparisons at each of
the unlinked stratification test loci.

Statistics
All statistical analyses were conduct-

ed in SAS version 9.1 (SAS Institute
Inc, Cary, North Carolina). The differ-
ence in genotype between hypertensives
and normotensives was analyzed with a
generalized estimating equation alter-
nating logistic regression (ALR) mod-
el.32,33 This model separately estimates
the effect of explanatory variables on
hypertension status as well as the
within-pair association with this out-
come.34 A common covariance structure
was used for all sibling pair types. The
model included BMI, education, sex,
and a categorized age variable (. or ,

60 years old).

RESULTS

Study Sample
In addition to the expected differ-

ence in systolic and diastolic blood
pressure, hypertensives had a higher
BMI (+3.1 kg/m2, P,.001) and a
lower level of education (2.64 years,
P5.009). The potential for population
stratification in our sample was evaluat-

The relationship between

hypertension status and the

four SNP sites was further

investigated by examining the

impact of sex, age, body mass

index (BMI), and education.

Table 1. Demographic characteristics
of 628 participants in the Carolina
African American Twin Study of Aging

Variable
% or Mean (Standard

Deviation)

Sex (male) 39
Hypertensive 40
Age, years 47.9 (13.89)
Education, years 13.3 (3.18)
Body mass index,

kg/m2 29.5 (6.90)
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ed by using the program STRAT. No
significant difference was found be-
tween hypertensive subjects and control
subjects (x2583.85, df590, P5.66).
Thus, use of this entire sample in an
analysis of hypertension should not be
subject to stratification artifact.

Genetic Analysis
of Hypertension

All markers used in this study were in
Hardy-Weinberg equilibrium (P values
..22). The frequencies of genotypes for
hypertensives and normotensives are pre-
sented in Table 2. As can be seen in
Table 3, ACE (P5.047) showed a signif-
icant relationship with hypertensive status
in the ALR model but no significant
association was found for the other two
SNPs (P5.07 for ACT and P5.54 for
AGTR). Age and BMI were both highly
significant in the model (P,.001),
though sex (P5.06) and education
(P5.23) were not. Including ACE in the
model after accounting for these factors
reduced the deviance (P5.06).

The TT and AT genotypes were less
common in the hypertensive than in the
normotensive participants. The odds
ratios (ORs) of having hypertension
between different genotypes of the
ACE gene were significant when com-
paring the AA to the TT homozygote
genotypes (OR 1.59, 95% confidence
interval [CI] 1.03–2.48, P5.04) and
the AA to the AT genotypes (OR 1.91,
95% CI 1.01–3.62, P5.047), which
indicates that the AA genotype is a risk
factor. In addition, a significant within-
pair association was observed with
hypertension; a person was 7.1 times
more likely to have hypertension if his
or her sibling had the condition than if
the sibling did not (P,.001).

DISCUSSION

This work presents genetic data
associating a polymorphism at the 59-
end of ACE with hypertension, while
other markers in genes of the renin

angiotensin system displayed no associ-
ations. This result for ACE is of interest
because much of the published genetic
analyses have focused on the In/Del in
intron 16 since the initial work defined
this site.35 Given the position of I/D
polymorphism in an Alu repeat within
this intron, this site is unlikely to be
functional, but rather is probably in
linkage disequilibrium with another
polymorphism or polymorphisms that
directly contribute to altered blood
pressure. In addition, several studies
have failed to demonstrate an associa-
tion between the I/D polymorphism
and hypertension in non-African sam-
ples, such as those of European de-
cent.36–38 The size of this gene (37 kb)
and haplotype block pattern39 suggest
that genetic alterations in the 59-end of
the gene are in weak linkage disequilib-
rium with the In/Del marker and that
additional genotyping to capture varia-
tion in the N-terminal region of the
protein would reveal additional data on
the role of ACE in hypertension.

The present results indicate an
association of a genetic variant, ACE4,
to variation in hypertension status in
African Americans. This marker resides
in an area of the gene that might serve as
a promoter, and variation in other
nearby sites have been associated with
serum levels of ACE.40 However, as yet,
no evidence suggests a functional role
for ACE4 in controlling ACE promoter
activity.

Genotypes of the other genes tested
in the present study, AGT, AGTR1, and

Table 2. Genotype and allele frequencies for candidate genes and hypertension
status among 628 participants in the Carolina African American Twin Study of Aging*

Gene
Hypertension

Status Genotype % (n) Allele % (n)

AGT CC CT TT %C %T
No 22 (49) 43 (98) 35 (79) 43 (196) 57 (256)
Yes 26 (79) 37 (114) 37 (111) 45 (272) 55 (336)

ACE AA AT TT %A %T
No 35 (90) 15 (38) 50 (130) 42 (218) 58 (298)
Yes 48 (152) 10 (31) 42 (136) 53 (335) 47 (303)

AGTR AA AG GG %A %G
No 52 (131) 42 (105) 6 (14) 73 (367) 27 (133)
Yes 53 (165) 39 (123) 8 (25) 72 (453) 28 (173)

ACT AA AG GG %A %G
No 53 (138) 41 (107) 6 (16) 73 (383) 27 (139)
Yes 61 (201) 33 (108) 6 (18) 78 (510) 22 (22)

* The number of single nucleotide polymorphisms varies slightly because of incomplete data.

Table 3. Results of ALR analysis

Model

Gene Age BMI Sex Education Group

x2 P Value x2 P Value x2 P Value x2 P Value x2 P Value

ACE 6.10 .047 24.31 ,.001 25.50 ,.001 3.43 .06 1.43 .23
ACT 5.51 .07 27.69 ,.001 27.13 ,.001 3.33 .06 1.58 .21
AGTR 1.22 .54 29.43 ,.001 25.60 ,.001 3.42 .07 1.07 .30
AGT 2.80 .25 23.03 ,.001 23.96 ,.001 1.99 .16 1.21 .27

This work presents genetic

data associating a

polymorphism at the 59-end of

ACE with hypertension, while

other markers in genes of the

renin angiotensin system

displayed no associations.
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ACT, showed no association with

hypertension; however, we should in-

terpret these negative findings, and the

positive finding for ACE, with caution.

In association studies, the potential for

false positive and negative results is

substantial. The sample studied was

population-based to diminish potential

biases related to clinically recruited

samples. In addition, the sample was

African American, a group with high

incidence of hypertension, which in-

creases the density of genetically related

cases of hypertension. We have further

reduced the risk of population stratifi-

cation by a specific test of 90 unlinked

markers scattered across the genome.

Thus, the positive association result

between the ACE gene and hyperten-

sion status in the population of African

Americans is unlikely to be due to

population admixture. However, no

data point to functional differences

induced by this polymorphic site, and

the marker used here may be in linkage

disequilibrium with another causative

polymorphism.

Multiple genetic factors and envi-

ronmental factors are unlikely to play a

role in hypertension. Two key factors

highly influenced by environmental

factors, BMI and age, were significant

covariates. Once genes and these covar-

iates were included in the analyses, sex

was not significant. This idea is further

reinforced by the fact that a significant

fraction of normotensive persons had

the genotype associated with hyperten-

sion in this study. A qualitative trait

such as hypertension is likely to be

influenced by multiple quantitative

traits, each of which may be the result

of multiple biochemical pathways.

Thus, no one association is expected to

account for a large fraction of the

variance in the trait.

The present finding may not be due

to the ACE marker genotyped but rather

from the marker’s being in linkage

disequilibrium with a polymorphic site

with functional differences that drive

the phenotype. We also caution that

historically genetic associations with an
OR ,2 are much less likely to be

replicated in subsequent studies. Future

work will explore this relationship

between ACE and hypertension further

and the role of other genes and
environmental effects that may affect

hypertension status.
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