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Objectives The present study aimed to assess the effect

of haplotype variation in angiotensin II type I receptor

(AGTR1) gene on the risk of myocardial infarction (MI) in

Chinese males.

Methods We used 48 patients to identify the putative

functional polymorphisms in AGTR1 gene by direct

sequencing. The program tagSNPs was used to identify an

optimal set of tagging single nucleotide polymorphisms

(SNPs). These selected SNPs were then genotyped in 419

male patients with MI and 400 age-matched male controls.

The program haplo.stats was used to investigate the

relationship between the haplotypes and MI.

Results Sixteen polymorphisms in AGTR1 gene were

identified. Based on the linkage disequilibrium pattern

among these SNPs, six polymorphisms, SNP1, SNP6–

SNP7 and SNP13–SNP15, were selected as haplotype

tagging SNPs and further genotyped. Single SNP analyses

indicated that the SNP1, SNP6 and SNP13 were

significantly associated with MI, adjusted for covariates.

Haplotype-based association analyses identified the

frequency of haplotype AGATAA was lower in cases than in

controls (P 0.006). In comparison, three haplotypes

(AAATAA, TAGCAA and AAACAG) were found to

significantly increase the risk of MI with adjusted odds

ratio equal to 1.33, 1.75 and 2.64, respectively (P 0.029,

0.026 and 0.015).

Conclusions Our study suggests that common genetic

variations in the AGTR1 gene may affect the risk of MI in

Chinese males, and that there might be several functional

variants in AGTR1 gene and the combined effect of these

variants seemed to have a larger effect on the risk of MI in

Chinese males. Pharmacogenetics 14:673–681 & 2004
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Introduction
The renin–angiotensin system (RAS) plays a critical

physiological role in the cardiovascular system. In adult

humans, most of the known effects of angiotensin II,

the major active component of RAS, are mediated by

angiotensin II type I receptor (AGTR1). Several groups

[1–3] have demonstrated that AGTR1 is present pre-

dominantly in vascular smooth muscle cells and cardio-

myocytes. The physiological role of this receptor makes

AGTR1 gene as a candidate gene for hypertension and

coronary heart disease.

The human AGTR1 gene is mapped to chromosome

3q21–q25, and consists of five exons, spanning more

than 55 kb of genomic DNA. The first four exons

encode 59 untranslated sequences, while the fifth exon

spans 2 kb and contains the entire coding region. A

SNP located in the 39 UTR of AGTR1 gene,

+1166A.C, has been characterized and investigated in

relation to essential hypertension [4–6], aortic stiffness

[7,8], and myocardial infarction (MI) [9–12], with

conflicting results obtained. As the +1166A.C poly-

morphism does not seem to be functional, it was

postulated that it might be in linkage disequilibrium

(LD) with some unidentified functional variant(s).

Recently, a total of nine polymorphisms were identified

in the promoter region of the AGTR1 gene, most of

which were in complete (or nearly complete) LD

[11,13–15]. The �810T.A polymorphism, or other

polymorphisms that are in LD with it, was observed to
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be associated with the risk of MI in Caucasian popu-

lation [11], while Jin et al. [15] failed to detect the

association between this polymorphism and coronary

heart disease in Chinese population.

Of note, these studies only evaluated the association

between individual SNPs and disease. Recent studies,

both simulation and empirical, have demonstrated that

the haplotype-based association test may be inherently

more powerful than individual SNP analysis, since the

method incorporates LD information from multiple

markers [16,17]. Haplotypes are also useful when

disease arises from the interaction of multiple cis-acting

susceptibility variants. New statistical methods of test-

ing the association between inferred haplotypes and a

wide variety of traits have been recently developed.

These flexible methods allow adjustment for non-

genetic covariates, which is critical when analyzing

complex traits. The next issue is, are all common SNPs

necessary to construct haplotypes in large-scale associa-

tion studies? Given the limitation in throughput and

the cost of current genotyping technologies, it seems

not practical. Fortunately, the increasing knowledge of

how the pattern of LD varies across human genome has

enabled the design of selecting a minimized number of

SNPs (haplotype tagging SNPs, htSNPs) to capture

most of the haplotypic diversity and several approaches

have been suggested for identifying these optimal

htSNPs [18–22]. As for AGTR1 gene, the only study on

LD pattern of these known polymorphisms was con-

ducted by Zhu et al. [23,24]. However, they genotyped

only five SNPs, three of which located in promoter

region were completely concordant and thus redundant.

The haplotypes consisting of these five SNPs revealed

only the minimum variation in AGTR1 gene and the

patterns of LD in this gene remained unclear.

In the present study, a multi-step case–control study

was designed for evaluating the contribution of haplo-

type variations in AGTR1 gene to MI in Chinese Han

population. We first scanned the AGTR1 gene to

identify all putative functional polymorphisms within a

sub-sample. Then, htSNPs were selected by optimizing

the predictability of the common haplotypes and

further genotyped in the entire study population.

Finally, haplotype-based association test was used to

test the possible effect of AGTR1 gene on MI. To the

best of our knowledge, this is the most comprehensive

study so far to describe the pattern of LD within

AGTR1 gene and also the first study to explore the

effect of this gene on coronary heart disease by using

htSNPs and haplotype based analysis.

Methods
Subjects

A total of 419 males who survived an acute MI were

eligible for this study. They were enrolled from Fu Wai

Hospital & Cardiovascular Institute (Beijing, China)

between October 1997 and September 2001. Diagnoses

of all cases in this study follow strict diagnostic rules

based on signs, symptoms, electrocardiograms and

cardiac enzymes. Subjects with congenital heart dis-

ease, cardiomyopathy, valvular disease, and renal or

hepatic disease were excluded. Age-matched (�2 years)

male controls (n ¼ 400) were randomly selected from

subjects participating in a community-based survey of

cardiovascular risk factors in Beijing. This community-

based study included 1600 subjects aged 35 to 74 years,

and were sampling by gender (50% men and 50%

women) and by age distribution based on 1990 China

census data. The control subjects were judged to be

free of coronary heart disease by history, clinical

examination, electrocardiography, and Rose question-

naire. All subjects were Chinese Han nationality.

Details of medical history were obtained from all

participants by standardized questionnaire, together

with information of drug intake, cigarette smoking, and

alcohol consumption. Blood pressure, height, weight

and waistline were measured by trained physicians or

nurses according to standardized protocols. Informed

written consent was obtained from each subject.

Identification of polymorphisms and genotyping

The 59 flanking region up to 1.2 kb upstream from

transcription-initiation sites, all five exons and exon/

intron boundaries, as well as the 39 untranslated region

(UTR) of AGTR1 gene were screened by direct sequen-

cing in 48 randomly selected patients. Fluorescent

dye-terminator cycle sequencing was performed, and

products were analyzed with an Applied Biosystems

3700 capillary sequencer.

Six htSNPs were selected (see below section) and

genotyped in all 819 subjects. SNP1 and SNP13 were

genotyped using standard PCR–restriction fragment

length polymorphism (RFLP) protocols, with the fol-

lowing primers: SNP1, forward 59-TGTAGGCTTTG

TCCATTTTT-39, reverse 59-ATTGCACTGATTTG

ATCTTT-39; SNP13, forward 59-CAAAGTCACCTGC

ATCATCA-39, reverse 59-AGGAAACAGGAAACCCA

GTAT-39. SNP6, SNP7, SNP14 and SNP15 were

genotyped using a mismatch-primer/RFLP method.

For SNP6 assay, a forward primer with an intentional

mismatch (59-CAGCAGTTTTCTTTAATGTGTCA

CC-39, with mismatch underlined) was used with an

unmodified reverse primer. The modified primer cre-

ates an HpaII restriction site in the presence of the G

allele, which is then detected by restriction enzyme

digestion. For other three assays, the forward primers

were: SNP7, 59-CCCAATGTCTCTTACCCAAATTT

GAT-39, BclI, A allele; SNP14, 59-CAGCACTTCA

CTACCAAATAGGC-39, HaeIII, C allele; SNP15, 59-

AAAAGTATATATTCTACACACATAT-39, NdeI, G
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allele. Conditions of amplification and primers used in

this study can be available from the authors upon

request.

Linkage disequilibrium and haplotype structure

The pattern of pairwise LD between the SNPs was

measured by Lewontin’s disequilibrium coefficient D9.

Haplotype frequencies were estimated using the ‘parti-

tion–ligation’ E-M algorithm, as implemented in the

tagSNPs program [20]. The relationships between

inferred haplotypes were investigated using the Re-

duced-Median (RM) network algorithm within NET-

WORK 4.0 software [25]. To reduce reticulation, only

haplotypes with estimated frequency .1% were repre-

sented.

Selection of htSNPs

The program tagSNPs was used to identify an optimal

set of htSNPs that optimize the predictability of

common haplotypes by use of the statistic R2
h, the

squared correlation between estimated and true haplo-

type dosage (i.e., E[�h(Hi)jGi] vs. �h(Hi)). �h(Hi) is

defined as the number of copies of haplotype h in pair

of haplotypes Hi and E[�h(Hi)jGi] is the predicted

haplotype dosage given the observed genotypes Gi for

individual i. We ran the program with the following

parameters: common haplotypes were defined as ‘the

minimal set of haplotypes that covers 80% of existing

haplotypes’, and sets of htSNPs resolving the common

haplotypes were selected at a R2
h threshold of 0.7.

Association analyses

The main purpose of our analyses was to test the

association between htSNPs and haplotype variation in

the AGTR1 gene with MI. Analyses were done sepa-

rately for each of the htSNPs and followed up by

haplotype analyses. Well-known coronary risk factors,

including age, body mass index (BMI), smoking, alco-

hol use, history of hypertension, triglycerides (TG),

HDL cholesterol (HDL-C) and glucose (GLU) were

used as covariates.

To test the association of statistically inferred haplo-

types with MI, we used the Haplo.score approach as

outlined by Schaid et al. [26]. The method assigns the

probability for each haplotype pair in each individual

and then directly models an individual’s phenotype as a

function of each inferred haplotype pair, weighted by

their estimated probability, to account for haplotype

ambiguity. This program has the advantage that adjust-

ment for covariates and computation of simulation P-

values for global and each haplotype can be performed.

The number of simulations for empirical P-values was

set as 1000. Since haplo.score does not provide the

magnitude of the effect of each haplotype, haplo.glm

was performed to calculate adjusted odds ratios (ORs)

and 95% CIs for each haplotype. This approach is

based on a generalized linear model, and computes the

regression of a trait on haplotypes and other covariates

[27]. Both haplo.score and haplo.glm were implemen-

ted in the haplo.stats software developed using the R

language.

Descriptive statistical analyses were performed with

SAS software (SAS Institute Inc., Cary, North Carolina,

USA). Allele frequencies were calculated by allele

counting, and deviations of the observed genotype

frequencies from Hardy–Weinberg equilibrium were

identified by �2 test.

Results
Table 1 shows the distribution of the clinical and

biological characteristics of the subjects. Compared

with the controls, the case group had more patients

with hypertension. The case group also had signifi-

cantly higher BMI, serum triglyceride levels, and fast-

ing glucose levels, and lower HDL cholesterol levels

than the controls. Diastolic blood pressure was signifi-

cantly lower in cases than in controls, which could be

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

Table 1 Comparison of characteristics between cases and controls

Values in

Cases (n ¼ 419) Control (n ¼ 400) P value

Average age (years) 54.27 � 9.74 54.23 � 9.41 0.9496
BMI (kg/m2) 26.61 � 3.11 24.56 � 3.15 ,0.0001
SBP (mm Hg) 127.42 � 19.84 128.66 � 18.99 0.3643
DBP (mm Hg) 76.83 � 11.18 80.91 � 10.30 ,0.0001
HDL-C (mg/dl) 40.52 � 9.10 48.34 � 11.12 ,0.0001
LDL-C (mg/dl) 125.21 � 38.86 124.5 � 33.65 0.7790
TC (mg/dl) 198.91 � 40.94 197.57 � 36.49 0.6191
TG (mg/dl) 167.5 � 142.19 123.96 � 76.19 ,0.0001
GLU (mg/dl) 106.32 � 34.36 97.28 � 23.57 ,0.0001
Hypertension (yes/no) 198/219 137/263 0.0001
Smokers (yes/no) 321/98 286/114 0.0951
Drinkers (yes/no) 239/180 208/191 0.1585

Means � SD values for continuous variables.

AGTR1 gene tSNPs and association with MI Su et al. 675



due to the result of medication in the patients after

they were diagnosed.

We detected a total of 16 polymorphisms in AGTR1
gene. Four polymorphisms were identified in the 59

flanking region, at position �1106, �778, �681 and

�478 upstream from the first transcribed nucleotide

(SNP1–SNP4). No polymorphism was detected in the

first three exons, but a T/C transition was identified in

exon 4 (SNP11: rs1800766). A synonymous base substi-

tution in exon 5 was identified (SNP13: rs5182). SNP14

(rs5186), located in the 39 UTR, was previously

described as +1166A.C. Position information and mu-

tation types on all these SNPs are presented in Table

2, along with the minor allele frequencies. No signifi-

cant deviation from Hardy–Weinberg equilibrium was

found for any polymorphism, after Bonferroni correc-

tions were applied.

Pairwise LD coefficients (D9) of the 16 SNPs and

corresponding P values were displayed in Table 3. The

P-values were adjusted by the number of SNP pairs in

the gene using a Bonferroni correction, because pair-

wise LD tests within a gene were not independent.

The shaded area indicates that significant LD exists

within the AGTR1 gene after adjusting for multiple

tests (P , 0.05/120 ¼ 0.0004). It was noted that all the

polymorphisms in the 59 flanking region (SNP1–SNP4)

were in complete (or nearly complete) association with

one another. Table 4 shows the inferred haplotypes

(frequency . 0.01) of the 16 SNPs in the 48 subjects.

Only two truly common haplotypes were observed

comprising 60% of the total. Four additional haplotypes

had frequencies around 5% whereas the remaining

haplotypes were rare (,3%). Figure 1 shows a reduced

median network for the haplotypes in Table 4 and

illustrated several points in regard to tagging-SNPs

efficiently. Each haplotype was represented by a circle

whose area represented the frequency of that haplotype

in the sample. SNPs separating haplotypes were indi-

cated on relevant branches. There were long branches

separating some of the major haplotypes (A and C–E);

these branches featured several SNPs that were in

complete LD because they fell on the same branch, for

example, branch SNP1–SNP2–SNP3, branch SNP11–

SNP13 and branch SNP4–SNP15–SNP5. This imme-

diately suggested that some level of tagging should be

effective (to reduce redundant typing on these

branches). One discrepant SNP (SNP6: rs2276736), a

single SNP that on its own separates two high-

frequency haplotypes (A and B), was also evident (see

[21], for details).

A total of six htSNPs (SNP1, SNP6, SNP7 and

SNP13–15) were selected, through use of tagSNPs

program, at a R2
h threshold of 0.7 (Table 4). Note that

the selection of htSNPs was consisted with the features

of the haplotype network (Fig. 1). For long branches

1–2–3, 7–11 and 4–15–5, only SNP1, SNP7 and

SNP15 were selected as tags. The discrepant SNP6,

was also included in the tagSNPs set. These six

htSNPs were genotyped in all subjects.

The genotype distributions of the AGTR1 gene htSNPs

are shown in Table 5. Single SNP analyses indicated

that the SNP1, SNP6 and SNP13 were significantly

associated with MI, adjusted for covariates. The cases

had significantly higher frequencies of SNP1 T allele,

SNP6 A allele and SNP13 C allele than were seen in

the controls. Compared with the SNP1 AA, SNP6 GG

or SNP13 TT homozygotes, the adjusted odds ratio

(OR) was 1.50 (95% CI 1.04–2.15) for SNP1 T allele

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

Table 2 Summary data on 16 polymorphisms discovered in 48 subjects

Marker name
(dbSNP namea) Regionb Positionc Allelesd

Minor allele
Frequencye(%)

SNP1 (rs275650) 59 flanking �1106 A/T 20.2
SNP2 (rs275651) 59 flanking �778 T/A 20.2
SNP3 (rs275652) 59 flanking �681 T/G 20.2
SNP4 (rs1492078) 59 flanking �478 C/T 26.2
SNP5 Intron 1 9920 G/A 2.4
SNP6 (rs2276736) Intron 2 10208 A/G 34.5
SNP7 (rs388915) Intron 2 32091 A/G 19
SNP8 Intron 2 32203 A/G 2.4
SNP9 Intron 3 32399 A/G 1.2
SNP10 Intron 3 41880 G/T 1.2
SNP11 (rs1800766) Exon 4 41977 T/C 17.9
SNP12 Intron 4 43042 G/T 3.6
SNP13 (rs5182)f Exon 5 43730 T/C 25
SNP14 (rs5186)g 39 UTR 44323 A/C 3.6
SNP15 (rs380400) 39 UTR 45035 A/G 8.3
SNP16 39 flanking 45126 T/C 1.2

aIf present in the dbSNP database; b59 flanking means the upstream from the first transcribed nucleotide;
cThe base immediately preceding the start of transcription numbered as –1; dWith major allele given first and
minor allele given second; eUsing 48 Chinese Han patients; fA silent mutation at codon 191 (Leucine/
Leucine); gReported previously as +1166A.C.

676 Pharmacogenetics 2004, Vol 14 No 10



carriers, 1.67 (95% CI 1.10–2.59) for SNP6 A allele

carriers or 1.47 (95% CI 1.08–2.02) for SNP13 C

allele carriers, respectively.

After we ignored the rare haplotypes (with estimated

frequency , 0.03), there remained 8 haplotypes to

evaluate (shown in Table 6). The haplotype-based test

was performed through use of the haplo.stats program.

For the haplo.score analysis, the adjusted global score

statistic was 13.06, and with 8 df, the P value from the

�2 distribution was 0.11; this P value was identical to

the empirical P value (P ¼ 0.124) based on 1000

simulation repetitions. Although the global score was

negative, the empirical P value for the max (z2
k)

statistic, evaluating whether only a few haplotypes were

strongly associated with a trait, was 0.06. Consistent

with this statistic, we found the haplotype-specific score

value of haplotype AGATAA was �2.73, with a P value

of 0.0064, which was in close agreement with the

empirical P value of 0.006 based on simulation (data

not shown). The frequency of this haplotype (AGA-

TAA) was significantly lower in cases than in controls

(0.248 vs. 0.290).

To find possible risk haplotypes and evaluate the effect

of each haplotype, haplo.glm model was further per-

formed, in which haplotype AGATAA (Hap1), the

protective one, was chosen as the baseline. The results

of the model fits are shown in Table 6. Three patterns

of haplotype were found to significantly increase the

risk of MI, this was AAATAA (Hap6), TAGCAA

(Hap7) and AAACAG (Hap8). Compared with the

Hap1, the adjusted odds ratio was 1.33 (95% CI 0.99–

1.79, P ¼ 0.029) for Hap6, 1.75 (95% CI 1.00–3.08,

P ¼ 0.026) for Hap7, and 2.64 (95% CI 1.10–6.33,

P ¼ 0.015) for Hap8, respectively. This result suggested

that individuals with these three haplotypes were at a

significantly higher risk for the disease, in comparison

with the haplotype AGATAA. For example, the relative

risk of having MI is estimated as 6.97 for individuals

who are homozygous for the AAACAG haplotype, as

compared to those who are homozygous for the AGA-

TAA haplotype.

Discussion
The recent developments of htSNP selection and

haplotype-based analysis suggest that currently the

most powerful genetic association studies would be (a)

to screen the candidate gene for identifying the poly-

morphisms within a sub-sample randomly chosen from

the study subjects and characterize their haplotype

structures; (b) to identify the htSNPs sufficient repre-

senting the most common haplotypes and further

genotype them in all subjects; and (c) to test the

association between this gene and trait by using

haplotype-based association tests. In the present study,

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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we applied this strategy to evaluate the association of

AGTR1 gene and MI in Chinese males.

Among the 16 polymorphisms detected within the sub-

sample, SNP5, SNP8-SNP10, SNP12 and SNP16 were

newly identified. They were quite rare in our popu-

lation (maximum frequency of the minor allele was

3.6%), and none of them was chosen as htSNPs. SNP1

(–1138A.T), SNP2 (–810T.A), SNP3 (–713T.G),

SNP4 (–521C.T), SNP11 (ex4/+55T.C), SNP13

(ex5/+573T.C), SNP14 (+1166A.C) and SNP15

(+1878A.G) have been previously reported [4,11,13]

(what in parentheses were names of the polymorphisms

used in their publications). The allele frequencies for

some of these polymorphisms differ among ethnic

groups. For example, the frequency of SNP4 T allele

was reported as 0.36 in Caucasians [11], whereas it is

0.14 in Japanese population [14] and 0.26 in our

populations. The frequency of the SNP14 C allele was

markedly low in Japanese population (0.079) [6] and

Chinese population (0.04) as compared with Caucasians

(0.29) [11].

Pairwise LD were measured by D9 among these 16

SNPs, with value of 1 indicating the rarity of recombi-

nation between a pair of SNPs. As noted, the number

of pairs with D9 ¼ 1 was 87, however, only 13 of which

were significant after being adjusted for multiple tests.

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

Table 4 Haplotype structure of AGTR1 in Chinese Han population

IDa Haplotypeb
Frequencyc

(%)
Cumulative

frequency (%) R2d
h

A ATTCGGAAAGTGTAAT 31.2 31.2 0.85
B ATTCGAAAAGTGTAAT 29.4 60.6 0.80
C TAGTGAGAAGCGCAAT 7.0 67.6 0.73
D TAGTGAAAAGTGTAAT 5.5 73.1 0.70
E ATTCGAGAAGCGCAAT 4.3 77.4 0.91
F ATTCGAAAAGTGCAGT 3.3 80.7 0.70
G ATTCGAGAAGCGCCAT 2.5 83.2 –
H ATTTGGAAAGTGTAAT 2.3 85.5 –
I ATTCGAAAAGTTTAAT 2.1 87.6 –
J ATTTGGAAAGTGCAGT 2.0 89.6 –
K TAGTGAAGAGTGTAAT 1.2 90.8 –
L ATTCGAAAAGTGTAAC 1.1 91.9 –
M ATTTAAGAAGCGCCGT 1.0 92.9 –
N ATTTAGAAAGTGCAGT 1.0 93.9 –
O TAGTGAGAAGTGTAAT 1.0 94.9 –

aHaplotype designation; bLoci are arranged in the order SNP1-SNP16 (as in Table 2); cFrequencies estimated by
the partition-ligation E-M algorithm; dThe squared correlation between estimated and true haplotype dosage when
SNP1, SNP6, SNP7, SNP13–SNP15 selected as htSNPs.
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Reduced median haplotype network based on data in Table 4. SNPs separating haplotypes are indicated on relevant branches.
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This could be due to the low minor frequencies of

some SNPs, for which test of LD might not have much

power [28]. Although the LD decreased between poly-

morphisms of the promoter region and the SNPs in

exon 5 of the AGTR1 gene, similar to the previous

report [23], we also found strong LD between widely-

separated SNPs, such as SNP5 and SNP15 (�35 kb

separated), indicating that the level of recombination

had not been enough to break down the LD through-

out the gene. The low haplotype diversity, that is, only

six major haplotypes (frequency . 3%) being yielded

based on 16 polymorphisms, also suggested a large

block of LD across the AGTR1 gene. The presence of

LD throughout the gene meant that the smallest

sufficient htSNPs sets would be found by consideration

of haplotype for the gene as a whole.

Among the approaches suggested for identifying opti-

mal htSNPs, in present study we adopted the method

developed by Stram et al. [20], which was based on the

measure of the uncertainty in the prediction of com-

mon haplotypes from unphased SNP genotypes. Com-

pared with the methods based on capturing as much as

possible of the original haplotype diversity (diversity-

based measures), this method (association-based mea-

sure) is concerned most directly with the issue of

prediction and allows a statistically natural approach for

assessing how well htSNPs are expected to perform in

a genetic association study. In our study, six SNPs with

a minimum R2
h > 0:7 were selected as htSNPs.

Although one study by Stram et al. [29] found exceed-

ingly modest biases in the risk estimates so long as R2
h

was higher than 0.9 or so, the biases of risk estimate

were still relatively mild when R2
h ¼ 0:8. In addition,

Stram et al. [20] observed the sample size requirements

for estimating logistic regression model were almost

similar for R2
h ¼ 0:9 and R2

h ¼ 0:7 when the effect of

the haplotype was not very small (OR . 1.4). Since at

least four more SNPs would be identified as htSNPs

and have to be further genotyped in the whole sample

if we chose the threshold of R2
h ¼ 0:8, in consideration

of cost-effective, the R2
h threshold was determined as

0.7 in this study.

Among the selected six htSNPs, SNP6, located in

intron 2, was a discrepant SNP separated two high-

frequency haplotypes. If this SNP were excluded, only

one major haplotype would be found (with frequency

0.61). The min R2
h was only 0.46 when using the

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

Table 5 Genotype distributions of AGTR1 gene htSNPs in cases
(n 419) and controls (n 400)

htSNP Genotype counts P value*

SNP1 AA AT TT 0.0153
Cases 300 101 16
Controls 308 80 7
SNP6 AA AG GG 0.0241
Cases 176 186 56
Controls 145 174 71
SNP7 AA AG GG 0.6414
Cases 273 126 18
Controls 264 115 16
SNP13 TT TC CC 0.0438
Cases 189 195 32
Controls 204 158 35
SNP14 AA AC CC 0.8702
Cases 372 44 1
Controls 357 39 4
SNP15 AA AG GG 0.0946
Cases 310 105 3
Controls 319 71 6

*Age, BMI, smoking, alcohol use, history of hypertension, TG, HDL-C and GLU
were adjusted.

Table 6 Results of haplo.glm applied to the present study using the haplotypes from 6 htSNPs in AGTR1 gene and environment covariates

Frequency

Model Variables Haplotypea Case Control Coefficient Odds ratio (95% CI) P value

Environmental covariates Hypertensionb 0.237805 1.27 (0.909–1.769) 0.0808
Smokerb 0.061794 1.06 (0.727–1.556) 0.375
Drinkerb 0.055455 1.06 (0.757–1.476) 0.372
Age 0.011098 1.01 (0.994–1.029) 0.103
BMI 0.141451 1.15 (1.091–1.216) 1.75 3 10–7

TG 0.000269 1.00 (0.998–1.002) 0.384
HDL-C �0.069064 0.93 (0.916–0.951) 1.12 3 10–12

GLU 0.006638 1.01 (1.001–1.013) 0.0142
Haplotypesc Hap1 AGATAA 0.248 0.290 – Reference –

Hap2 AAGCCA 0.027 0.036 �0.068784 0.93 (0.46–1.88) 0.424
Hap3 AAGCAA 0.047 0.061 0.112343 1.12 (0.64–1.95) 0.346
Hap4 AGACAG 0.063 0.074 0.103836 1.11 (0.65–1.90) 0.353
Hap5 TAATAA 0.049 0.050 0.34088 1.41 (0.78–2.53) 0.127
Hap6 AAATAA 0.355 0.338 0.286496 1.33 (0.99–1.79) 0.029
Hap7 TAGCAA 0.057 0.043 0.560977 1.75 (1.00–3.08) 0.026
Hap8 AAACAG 0.037 0.021 0.972031 2.64 (1.10–6.33) 0.015

*Significant variables were shown in bold.
aLoci are arranged in the order SNP1–6–7–13–14–15; b1, with hypertension, 0, without hypertension; 1, smoker, 0, nonsmoker; 1, drinker, 0, nondrinker;
cCorresponding to haplotypes in Fig. 1: Hap1 ¼ A/H; Hap2 ¼ G; Hap3 ¼ E; Hap4 ¼ J/N; Hap5 ¼ D/K; Hap6 ¼ B/I/L; Hap7 ¼ C; Hap8 ¼ F.
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remaining five htSNPs to predict the common haplo-

types, which indicated that lots of efficiencies were lost.

In most previous association studies, only the SNPs

located in promoter region and/or exons were used to

define the haplotypes within a candidate gene. Here

we found some SNPs in introns might be more

important as htSNPs and haplotype structures could be

more clearly revealed when including such SNPs. It is

possible that some other discrepant SNPs are yet

undiscovered, because large regions of introns were left

unscreened and two high-frequency haplotypes existed

in our samples. If this is true for AGTR1 gene, a more

exhaustive search should be conducted in different

ethnic populations to describe the haplotype structures

before further association analysis.

The contributions of variants of AGTR1 gene to cor-

onary heart disease are conflicting in previous reports.

Best evaluated with respect to the association with

cardiovascular phenotypes is the +1166A.C poly-

morphism (SNP14). The possible synergistic inter-

action of this polymorphism with an I/D polymorphism

of angiotensin-converting enzyme (ACE) gene on MI or

coronary atherosclerosis was also explored, although

results were not consistent [9,30–33]. It remains un-

clear whether the +1166A.C polymorphism in the 39

UTR of AGTR1 gene has functional implications.

Recently, more concerns were transferred to the func-

tional promoter region of the AGTR1 gene, which may

have the potential to influence AGTR1 gene expression.

In a rat model it has been shown that the AGTR1
promoter is active in cardiac muscle and its expression

is induced by pressure overload, and this response is

mediated by a functional interaction between AP-1 and

GATA-4 transcription factors [34]. According to a

database search, Erdmann et al. [13] indicated that –

810T.A (SNP2; In perfect LD with SNP1 and SNP3)

might destroy a transcription factor binding site for

GATA binding factors. Poirier et al. [11] found that this

polymorphism was associated with the risk of MI in

Caucasian males, while a study in Chinese population

[15] failed to demonstrate the association.

In the present study, the analyses based on single SNP

and haplotype were both conducted. The single SNP

analysis showed that SNP1 T allele, SNP6 A allele and

SNP13 C allele significantly increased the risk of MI

after adjusting covariates. The results of haplotype-

specific score test showed that the frequency of AGA-

TAA (Hap1) was significantly lower in cases than in

controls (0.248 vs. 0.290, P ¼ 0.006). To find possible

risk haplotypes and evaluate the effect of each haplo-

type, we further performed the analysis of haplo.glm, in

which the Hap1 was chosen as the baseline haplotype.

Three patterns of haplotypes, AAATAA (Hap6), TAG-

CAA (Hap7) and AAACAG (Hap8), were found to

significantly increase the risk of MI, in comparison with

the Hap1 (Table 6). An interesting finding is that the

Hap6–8 featured a common constellation of the second

site (SNP6 A allele). The only difference between

Hap1 and Hap6 was at the SNP6. Compared with

Hap1, the adjusted OR was 1.33 for Hap6. Further-

more, with the SNP1 T allele, SNP6 A allele and

SNP13 C allele presenting in Hap7, and with the

SNP6 A allele, SNP13 C allele and SNP15 G allele

presenting in Hap8, the relative risks of individuals

having MI were increased to 1.75 and 2.64 for Hap7

and Hap8 respectively, compared with Hap1. The

results based on haplotype supported the finding of

single SNP analysis, that SNP1, SNP6 and SNP13

might be associated with MI. In addition, the haplo-

type-based analyses also found some potential synergis-

tic interactions among SNP1, SNP6, SNP13 and

SNP15. Our findings about SNP1 (in perfect LD with

–810T.A) are consistent with the report in Caucasian

males [11], whereas SNP6 (located in intron 2) and

SNP13 (a synonymous SNP in exon 5) were first

explored in a population-based association study. These

polymorphisms may be causative or in LD with a

functional variant that could affect stability of the

mRNA or the regulation of expression of the gene.

There is also suggestive evidence that some haplotype

patterns (multiple SNPs distributed along the entire

gene) might exert a stronger impact on the variability

of AGTR1-mediated physiological response. Further

functional studies are necessary to explore if these

polymorphisms or specific haplotype patterns have

impact on AGTR1 gene expression.

Two limitations of the present study were that, first,

only polymorphisms located in promoter region, exons

and exon/intron boundaries were identified, and rela-

tive large regions of introns were left unscreened. To

describe the haplotype structure of AGTR1 gene com-

pletely, it might be necessary to screen more poly-

morphisms in introns in the future study. Second, using

the htSNPs, the association between the AGTR1 gene

and MI was detected. However, we couldn’t predict

those SNPs not yet genotyped in our study but might

be associated with the trait (maybe causal variants).

Chapman et al. [35] have discussed this issue by

performing their methods termed as locus scoring.

However, use of this approach may require selection of

more markers to achieve the target value. Additional

work is needed in this area.

In conclusion, the present association study suggests

that common genetic variations in the AGTR1 gene

may affect the risk of MI in Chinese males. The results

based on single SNP and haplotypes indicate that there

might be several functional variants in AGTR1 gene

and the combined effect of these variants seems to

have a larger effect on the risk of MI in Chinese males.

The htSNPs analysis suggests that some polymorph-

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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isms in introns are also required to reveal haplotype

structure completely.
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