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Genetic factors are important in the pathogenesis of coronary artery disease (CAD). The I/D polymorphism in the
Angiotensin converting enzyme (ACE) gene is a genetic risk factor for CAD patients who have a history of Myocardial
Infraction (MI). We investigated the association between I/D polymorphism of the ACE gene and the presence of CAD
in one hundred patients (79 males and 21 females, aged between 21- 82) who underwent diagnostic coronary
angiography and compared with one hundred patients-as controls (62 males and 38 females, aged between 20- 72)
who had false symptoms of CAD. The presence of risk factors including age, hypertension, hypercholesterolemia,
tobacco use, diabetes mellitus and hyperuricemia was also determined. ACE I/D polymorphism was detected by
polymerase chain reaction. The D allele frequency was higher (p <0-01) in CAD patients. The logistic regression
analysis indicated that the D allele in association with classical risk factors had the potential to induce CAD, with
odds ratio = 0.58(95% ClI; 0.37- 0.90). This study revealed that, the I/D polymorphism of ACE gene (carrying D allele)
was found to be an independent risk factor for CAD in the studied South Indian population. The number of risk
factors did not alter the frequency of ACE gene genotype among patients with CAD, however, in normotensives, the
odds ratio of DD-genotype was significantly higher, as the D allele of ACE gene polymorphism was found to be
associated with morbidity in CAD in this study population.
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INTRODUCTION

Cardiovascular diseases represent today the main cause
of death in human adults. A reasonable number of stu-
dies have focused in testing specific genetic markers
among groups of ischemic coronary artery disease (CAD)
patients, aiming to find a correlation between these gene
polymorphisms and disease. A number of conditions cha-
racterized by blood vessel occlusion and/or vascular
spasm have been found to be associated in both clinical
and epidemiological studies. These include hypertension
(HPT), Reynaud’s phenomenon (RP), and coronary
artery disease (CAD) (Zahavi et al., 1984; Keefe et al.,
1993; Brand et al., 1997; Smyth et al., 1999; Nakamura et
al., 2000). Whether these associations are the cones-
guences of a shared environmental risk factor or repre-
sent an underlying propensity to develop the conditions
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through a common biological mechanism remains contro-
versial. The exploration of the genetic and environmental
relationships underlying these conditions is one approach
to resolving the biological basis for the association.
Atherosclerosis is a systemic dysfunctional endothelial,
chronic inflammatory, fibro proliferative, angiogenic, pro-
thrombotic, multifactorial disease of the arterial intima
caused by the retention of modified low density lipopro-
teins, hemodynamic stress, and accelerated by redox
stress (Hayden, 2001; Hayden and Tyagi, 2002; Hayden
and Tyagi,1998a,b; Hayden and Tyagi, 2000)" ACE poly-
morphism appears to have a significant impact on the
progression of CAD. Several studies have found the D
allele to be an independent risk factor for CAD. It is
important to look for the gene association in the Asian
Indian population, in view of the high prevalence of CAD
and to see whether the association differs from other
populations.
The clinical relevance of ACE gene polymorphism still



remains unclear, as CAD is a multifactorial disease and
the ACE gene alone may not have a direct effect on the
severity of CAD and premature death. However, the
homozygous DD genotype in older patients (above 50
years of age) was reported to be significant. The present
study is important as there is a need for a robust confir-
mation of the risk gene for CAD, even if the effect is
small, so as to contribute to our understanding of the
pathology of CAD, and determine potential therapeutic
strategies. Angiotensin-1 converting enzyme (ACE) gene
is one of the most intensely studied genes because of the
key role it plays in the renin—angiotensin system (RAS).
ACE catalyses the conversion of angiotensin 1 to angio-
tensin 2, a vasoactive and aldosterone-stimulating pep-
tide, and inactivates bradykinin (Erdés and Skidgel, 1987)
. This gene coding for the angiotensin converting enzyme
(ACE) is expressed in several types of somatic cells,
including vascular cells, heart, lung, and muscles. It is
located on chromosome 17923 and consists of 26 exons
and 25 introns. Intron 16 contains a polymorphism cha-
racterized by the presence (insertion (l)) or absence
(deletion (D)) of a 287 bp Alu repeat sequence, resulting
in three genotypes, DD and Il homozygotes and ID hete-
rozygote’s which has been associated with endurance
related phenotypes and the response to training. The I/D
polymorphism is reported to determine the circulating and
tissue enzyme levels, such that individuals homozygous
for the D allele have higher tissue and plasma ACE con-
centrations than heterozygote and Il homozygote (Rigat
et al., 1990; Costerousse et al., 1993). The I/D polymer-
phism association with cardiovascular diseases has been
documented in CAD (Cambien et al., 1992; Marian et al.,
1993; Schunkert et al., 1994; Kario et al., 1996), as well
as chronic renal diseases (Hohenfellner et al., 2001,
Ohtomo et al., 2001).

RAS has been shown to play a key role in the regula-
tion of blood pressure and influence the cardio-vascular
system (Van and Pinto, 2003), and several genes belong-
ing to this system have been associated with CAD. Two
of the most intensively investigated genetic polymer-
phisms are the insertion/deletion (I/D) alleles of the
angiotensin I-converting enzyme (ACE) gene and muta-
tions at the angiotensin Il AT1 receptor. Angiotensinogen
(AGT), the precursor of angiotensin Il, has been investi-
gated as a candidate gene in the development of the dis-
order in many studies. Many investigators have reported
a positive association of AGT polymorphisms with high
blood pressure (Jeunemaitre et al., 1992; Martinez et al.,
2002; Pan et al., 2000; Pereira et al., 2003; Sato et al.,
2000; Rankinen et al., 2000; Jeunemaitre et al., 1997; Iso
et al., 2000).

The main focus of this study was to analyze the ACE
gene polymorphism, alone or combined in haplotypes,
and clarify their potential association with CAD related
conditions. Knowing that in most cases CAD has a multi-
factorial basis, involving a number of genes and environ-
mental factors interacting to determine whether or not the
disease will develop, we also tried to determine a possi-

ble interaction between several well known CAD linked
risk factors.

MATERIALS AND METHODS
Subjects and methods

Selection criteria: We included 100 patients with angiographically
diagnosed CAD pa-tients (79 males and 21 females) consecutively
admitted to the hos-pital with proven coronary artery disease (more
than 50% stenosis affecting at least one vessel). The controls were
those who came to the hospital with pain in the chest but did not
have a history of angina pectoris or Ml, and they showed a normal
electrocardiogram (62 males and 38 females), in whom
angiographic examination excluded the presence of coronary artery
disease. This study there-fore represents true (cases) and false
cases (as controls) of the CAD disease. The study went on for a
period of two years during 2006-2008. All the subjects were from
southern part of India (Andhra Pradesh andTamil Nadu).

Patient’s characteristics: All the patients and controls were
interviewed and epidemiological data/demographic data were
recorded in a structured questionnaire on their smoking habits,
hypertension, diabetes dyslipidaemia, and any family history of
coronary artery disease. Informed consent was obtained from all
patients and controls, as required by our ethics committee.

Determination of risk factors: For CAD risk factors, the following
definitions were used: subjects were defined as hypertensive if their
blood pressure was > 140/90 mm Hg or if they were receiving any
antihypertensive treatment; those with a history of diabetes or who
were receiving any anti dia-betic drugs and fasting glucose levels >
120 mgs/dl were consi-dered to be diabetic; those with a total
plasma cholesterol concen-tration of > 200 mgs/d| or a triglyceride
concentration of> 180 mgs/dl, or who were receiving lipid lowering
drugs were considered dyslipidemic. Smoking history was recorded
as either none or current smokers. A positive family history was the
presence of a first degree relative with coronary artery disease at
the age of < 55 years for men and < 60 years for women.

Each participating inpatient with CAD was interviewed to deter-
mine variables, such as smoking, alcohol use, family history (=1
first-degree relatives with Ml or coronary artery disease), and to
obtain consent for a blood sample for genetic analysis. In addition,
detailed chart abstractions were performed to collect relevant
laboratory and clinical data. A total of 100 CAD patients included in
the current study agreed to participate and to provide a blood sam-
ple for genetic analysis. Patients self-reported their race/ethnicity by
selecting one of the following descriptors that were provided by the
investigators: family history, diets, occupation, etc.

Protocol approval: The institutional review boards of both institu-
tions approved the research protocol; all study participants were
provided with written informed consent for clinical and genetic
studies

Angiographic study: All patients underwent coronary angiography.
Coronary stenosis was considered significant in the presence of a
luminal diameter narrowing of > 50% of at least one pericardial
coronary artery. The severity of coronary artery disease was
expressed by the number of affected vessels (one, two, or three
vessel disease) and also by means of the Duke scoring system13-a
prognostic index that includes the number of diseased major
vessels, the presence of left main coronary artery disease, the
percentage narrowing of the major vessels, and involvement of the
left anterior descending coro nary artery particularly when the
proximal segment shows severe stenosis (> 95%). The Duke score
ranges from 0-100 (0 = no disease, 100 = the most severe
disease).



Figure 1. PCR
polymorphism. Lane 1, 490 bp (ll); lane, 2- 490
and 190 bp (I/D); lane, 3 100 bp ladder; lane 4 190
bp (DD).

analysis of ACE gene

Biochemical analysis: Blood samples (5 ml) were collected from
all subjects after 12 h fasting and some amount (2 ml) of collected
samples were placed in EDTA tubes and stored at -80°C until the
time of assay for bio-chemical assays.

The serum concentrations of triglyceride (TG), total cholesterol,
LDL cholesterol (LDL-C) and HDL cholesterol (HDL-C), urea, crea-
tenine, fasting blood sugar (FBS) were measured by the standard
methods (Auto- analyzer) used in the clinical laboratory of the hos-
pital at the time of diagnosis of the patients.

Analysis of ACE gene polymorphisms

The ACE gene is located on chromosome 1723 and consists of 26
exons and 25 introns. The intron 16 of this gene was the subject of
this investigation. The primer sequences used for amplification
were:

5 -CTGGAGACCACTCCCATCCTTTCT-3_ (forward primer), and
5 - GATGTCGCCATCACATTCGTCAGAT-3_ (reverse primer).

Extraction of DNA: Genomic DNA was extracted from whole fresh
blood using standard phenol/chloroform methodology with ethanol
precipitation. PCR was carried out using purified DNA. The ACE |
and D alleles were identified by PCR amplification (Rigat et al.,
1992).

The final concentration of the PCR mixture was 1.5 mM MgClI2,
50 mM KCI (Bio-Serve Hyderabad), 10 mM Tris-HCI (pH 8.8), 0.1%
gelatin, 1% Triton X-100, 0.3 mM each of dNTPs (SIGMA), and 2U
Taq DNA (bioserve Hyderabad) polymerase in each reaction tube.
Amplification was carried out in a thermo cycler (TAKARA). The
PCR was carried out under the following conditions: initial denatu-
ration at 94°C for 5 min, followed by 35 cycles of denaturation at
94°C for 45 s, annealing at 600C for 1.15 min, extension at 72°C for
2.30 min and final extension at 72°C for 5 min. The PCR products
(Figure 1) were of 490 bp for allele | and 190 bp for allele D. The
products were separated on a 1.5% agarose gel and visualized by
ethidium bromide staining. In order to reduce mistyping of ID hete-

rozygotes as DD homozygotes, a re-amplification was carried out in
all identified DD homozygotes using an internal primer specific for
the | allele.

Statistical analysis

The means of the three-genotype groups (DD, ID, Il) were com--
pared in a one-way analysis of variance. We determined whether
the distribution of the ACE genotypes was in Hardy-Weinberg equi-
librium using chi-squared analysis, as described (Emery et al.,
1976). For the ACE genotype, odds ratios were calculated as a
measure of the association with the presence or absence of coro-
ary artery disease. Comparisons of genotype and allele frequencies
between cases and control subjects were performed by a 2 test with
Fisher’'s correction. Statistical significance was accepted at P <
0.05. Odds ratios (OR) as well as their 95% Cl were computed to
assess the strength of the association between the presence of the
polymorphic alleles, genotypes, and CAD.

The analysis was also carried out by means of an explorative
multiple logistic regression analysis to assess the independent role
of the different factors possibly influencing the presence or absence
of coronary artery disease, the extent of coronary artery disease.
Dependent variables - age, sex, smoking, body mass index, dia-
betes, hypertension, the plasma lipids and lipoproteins, and the
ACE genotype are independent variables. All analyses were done
using a personal computer with EPI 6 software (Epi info6 CDC).

Calculation of power analysis: Power analysis was done by using
Power and Precision V3 soft- ware. Taking Alpha = 0.05 (2 tailed),
and was found to be 0.96 with 100 as sample size.

RESULTS
Patients and risk factors

A total of 100 CAD patients were genotyped for ACE
gene and were compared to controls (non CAD) popula-
tion of 100 individuals. The P- values were calculated for
individual categories and were observed for level of signi-
ficance under p < 0.05. Demographic data of the popu-
lation studied are shown in Table 1. Mean age was 57.21
years in patient group and 54.32 years in control group.
Risk factor profile of CAD patients revealed hypertension
in 34%; diabetes, 43%; smokers, 22%; and alcoholic,
26% patients and in controls hypertensive, 10; diabetics,
13; smokers, 8; and alcoholics, 10, respectively.

Classical risk factors

As expected, both the control and patient group showed
differences in the biochemical markers and other conven-
tional risk factors analyzed. Systolic and diastolic blood
pressure, dyslipidaemia, arterial hypertension, diabetes
mellitus, triglycerides and a previous record of CAD in the
family are much higher in CAD patients than in controls.
In average, glucose levels, triglycerides, LDL, createnine
were also higher in the CAD group when compared to
control group. We performed a multivariate logistic
regression analysis using the variables as shown in Table
2. We found that the biochemical parameters like glyce-
mia, CAD history, smoking habit, dyslipidaemia and ACE



Table 1. Demographic characteristics of patients and controls.

Cases n=100 Controls n=100 p-value
Age males(21-82) 57.21+14.05 54.32+24 0.81
Age females(20-72) 51.69+11.12 50.62+10.72 0.67
Alcoholism % 26 10 <0.01
Diabetics % 41 13 <0.001
Hypertension % 34 10 <0.01
Smokers % 37 8 <0.001

Values are represented as mean + SD: p < 0.05 in comparison to control group.

Table 2. Biochemical characteristics of patients and controls.

Parameters Cases n=100 Controls n=100 p-value
Total cholesterol 223.69 + 62.32 203.34 + 23.12 0.67
Triglycerides (mgs/dl) 203.34 + 85.6 153.41+17.81 <0.0001
HDL-C (mgs/dl) 45,56+ 13.95 41.16+ 10.16 0.15
LDL-C (mgs/dl) 136.79 + 58.09 151.81 + 63.08 <0.001
CHO/HDL-C (mgs/dl) 5.18+ 2.29 5.34+ 1.17 0.45
LDL-C/HDL-C (mgs/dI) 3.18+2.16 4.03£2.14 <0.001
FBS (mgs/dl) 213.15+ 118.21 124.72 + 6.80 <0.0001
Urea (mgs/dl) 39.19+ 14.10 35.18+7.83 0.72
Createnine (mgs/dl) 1.16%0.95 0.98+1.12 <0.01

Values are represented as mean + SD: p < 0.05 in comparison to control group.

I/D DD polymorphism to be independently related to
CAD.

Genotype frequencies

The genotypic distribution of ACE gene polymorphism
and allelic frequency for | and D alleles in patients and
controls is given in Table 3. The ACE genotype Hardy-
Weinberg equilibrium. The relative frequencies of ACE
genotyping, that is, Il and ID and DD in the controls and
patient samples, did not differ significantly. When we
determined the allele frequencies, it was found that the D
allele was higher in patients as compared to controls
(40% v. 28%). [ 2 = 5.20 (2df), p=0.07 for genotype; 2
=6.46 (1df), p=0.01]. The ID genotype was 31% in pa-
tients while it was 23% in controls. The Il genotype was a
little higher in controls (61%) as compared to patients
(45%); however, the differences were not significant. The
odds ratio for ID genotype, DD genotype and D allele was
0.55 (95% ClI; 0.27-1.12), 0.49 (95% CI; 0.22-1.10) and
0.58 (95% CI; 0.37-0.90).

The mean lipid levels, glucose, createnine levels of pa-
tients with CAD and controls were significantly different
(Table 2). However, these levels were higher in patients
as compared to controls. The ACE gene polymorphism
has also been positively associated with triglycerides and
low-density lipoprotein (LDL)-cholesterol, glucose levels,
hypertension, diabetics, createnine levels, smokers and
alcoholics.

DISCUSSION

For over a decade now, clinical and experimental resear-
chers have hunted for gene polymorphisms as a major
cause of hypertension, coronary artery disease distribu-
tions in both patients and controls were in the CAD) or
heart failure, such as angiotensin-converting enzyme
(ACE) polymorphisms, which were accused to be a major
contributor of cardiovascular diseases (Cambien et al.,
1992; Agerholm-Larsen et al., 2000). Sequence variants
of the components of the renin-angiotensin-aldosterone
system were suggested to have significant influences on
cardiovascular homeostasis (Agerholm-Larsen et al.,
2000; Schieffer et al., 2000). Our results suggest that the
DD/ID genotype at the ACE gene locus might be an
important genetic risk factor for CAD in familial hypercho-
lesterolemia patients.

ACE is an attractive candidate gene to play a role in the
vascular diseases including CAD. ACE gene plays impor-
tant role in production of Angiotensin Il and catabolism of
bradykinin; involved in the modulation of vascular tone
and the proliferation of smooth muscle cells. To our best
knowledge this is the first study to investigate the asso-
ciation of ACE gene polymorphism and CAD in South
Indian population. As the incidence of CAD is increasing
in India, especially in the younger population, it is impor-
tant to identify the risk factors for CAD. Our study does
show significant difference in genotype and allelic fre-
quency between CAD patients and healthy controls. The



Table 3. Distribution of ACE genotypes and allelic frequency of the study population.

Study Group ACE Genotype Allelic frequency

Il ID DD Total | D Total
Patients (n) 45 31 24 121(0.60) 79 (0.40) 200
Control (n) 61 23 16 145 (0.72) 55 (0.28) 200

2

ACE gene is located on chromosome 17923 and spans
21 kb on 26 exons. Insertion or absence of the 287-bp
Alu sequence in intron 16 determines the Il, ID and DD
genotypes. Findings on the association between the ACE
I/D polymorphism and atherosclerosis using genotyping
have been inconsistent. Several studies have shown that
the DD genotype is associated with a higher risk for myo-
cardial infarction (MI) and CAD (Naftilan et al., 1989;
Campbell- Boswell et al., 1981) . Some studies showed a
relation of atherosclerosis with presence of the D allele,
(Castellano et al., 1995; Nergizoglu et al., 1999; Pujia et
al., 1996; Hosoi et al., 1996) while others have failed to
show such association (Diamantopoulos et al., 2002;
Dessi-Fulgheri et al., 1995). The majority of the studies
conducted until now were based on relatively small sam-
ple sizes, which may in part explain the inconsistency,
particularly when interactions were studied (Lohmueller et

al., 2003)" A recent evaluation of candidate gene studies
in a meta- analysis demonstrated that large studies are
needed to show the effects of the genes involved in
complex traits. The complexity of the results observed for
the association of each polymorphism with CAD, together
with the absence of a definitive functional gene variant,
strongly suggests that future studies evaluating the effect
of the ACE gene on cardiovascular disease should use a
“gene based” approach. In addition, further and larger
genetic association studies are needed in ethnic mino-
rities with different allele/ genotype frequencies of the
ACE variants and different patterns of cardiovascular dis-
ease.

The complex aetiology around cardiovascular disorders
and the multiple environmental conditionings are most of
the times not evaluated together. In most cases, CAD has
a multifactorial genetic basis, involving a number of
genes and environmental factors interacting to determine
whether or not the disease will develop. Therefore, the
inherited genes generally predispose to a greater or les-
ser extent of CAD, but it is the environmental factors (e.g.
cigarette smoking, obesity, hypertension, sedentarism)
interacting with the individual©s genotype that determine
whether or not CAD will develop. In the present study, we
evaluated the association of the ACE gene with CAD, and
found no association with the DD, ID, or Il geno-types,
but we found some statistically difference in allele
frequency. However, in south Indian populations ACE
gene polymorphisms seem to be a risk factor for stroke
(Ajana et al., 2008). In a nutshell, our data do have

=5.20(2df), p=0.074 for genotype; 2 =6.46(1df), p=0.01 for allelic frequency.

shown significant association between the ACE inser-
tion/deletion polymorphism (D allele) and CAD in South
Indian population which is somehow similar to the Vijay et
al. study from south Indian population (Vijay et al., 2001).

Conclusion

The complex etiology around cardiovascular disorders
and the multiple environmental conditionings are most of
the times not evaluated together. In most cases, CAD has
a multifactorial genetic basis, involving a number of
genes and environmental factors interacting to determine
whether or not the disease will develop. Therefore, the
inherited genes generally predispose to a greater or les-
ser extent of CAD, but it is the environmental factors (e.g.
cigarette smoking, obesity, hypertension, sedentarism)
interacting with the individual©s genotype that determine
whether or not CAD will develop or make an individual
susceptible to CAD. We performed further analysis in
order to determine whether the simultaneous presence of
genetic polymorphisms and well established risk factors—
hypertension, smoking habit, obesity, diabetes and dysli-
pidaemia would enhance the effect in CAD onset. The
vascular risk factors that might be related to serum ACE
activity are not yet fully understood.

The above data suggest that the rate of the D alleles in
association with certain demographic risk factors can
contribute to the atherosclerosis. This kind of a statistic-
cally significant variation in the frequency of insertion
/deletion in both populations strongly indicates that ACE
polymorphism can pose a risk to CAD individuals. Our
results also suggest that the D genotypes at the ACE
gene locus might be an important genetic risk factor for
CAD. The differences in the study of CAD among the va-
rious authors may result from specificity of population
(regional environmental influences) or selection of study
groups.

ACKNOWLEDGEMENTS

We are grateful to the doctors who helped us to select the
patients and provided us the angiography data and
permitted us to interview the individuals. We thank all the
participants of this study some —posthumously, without
their cooperation we would not have been able to pro-
ceed with this investigation.



REFERENCES

Agerholm-Larsen B, Nordestgaard BG, Tybjaerg-Hansen A (2000). ACE
gene polymorphism in cardiovascular disease: meta analysis of small
and large studies. Arterioscler Thromb Vasc Biol. 20: 484-492.

Ate H, Akar N, Akar O, Karatan B, Erbay AE, Ertu (1999). Carotid
intima-mediathickness and ACE-gene polymorphism in hemodialysis
patients. J. Nephrol. 12: 261-265.

Brand FN, Larson MG, Kannel WB, McGuirk JM (1997). The occurrence
of Raynaud.s phenomenon in a general population: the Framingham
Study. Vasc Med. 2(4): 296-301.

Cambien F, Poirier O, Alun Evans, Jean-Pierre C, Dominique A, Gerald
L, Jean-Marie B, Lucienne B, Sylvain R, Laurence T, Philippe A,
Francois A, Florent S (1992). Deletion Polymorphism In The Gene Of
Angiotensin Converting Enzyme Is A Potent Risk Factor For
Myocardial Infraction. Nat. 359: 641-644.

Campbell-Boswell M, Robertson AL (1981). Effects of angiotensin Il and
vasopressin on human smooth muscle cells in vitro. Ex. Mol. Pathol
35: 265-376.

Castellano MM, Lorenza M, Damiano R, Marina B, Gianfranco P,
Angelo C, Massimo S, Enzo P, Giorgio B, Reinhold K, Klaus L, (1995.
Angiotensin-converting enzyme 1/D polymorphism and arterial wall
thickness in a general population. The Vobarno Study. Circulation 91:
2721-2724.

Costerousse O, Allegrini J, Lopez M, Alhenc-Gelas F (1993) Angio-
tensin | converting enzyme in human circulating mononuclear cells:
genetic polymorphism of expression in Tlymphocytes. Biochem. J.
290: 33-40.

Dessi-Fulgheri P, Catalini R, Sarzani R, Sturbini S, Siragusa N,
Guazzarotti F, Offidani M, Tamburrini P, Zingaretti O, Rappelli A
(1995). Angiotensin converting enzyme gene polymorphism and
carotid atherosclerosis in a low-riskpopulation. J. Hypertens 13: 1593-
1596

Diamantopoulos EJ, Andreadis E, Kakou M, Vlachonikolis I,
Vassilopoulos C, Giannakopoulos N, Tarassi K, Papasteriades C,
Nicolaides A, Raptis S (2002). Atherosclerosis of carotid arteries and
the ACE insertion/deletion polymorphism in subjects with diabetes
mellitus type 2. Int. Angiol. 21: 63-69.

Emery A (1976). Hardy Weinberg equilibrium the estimation of gene
frequencies. In: Emery AEH, ed, Methodology in Medical Genetics:
An Introduction to Statistical Methods. Edinburgh, Scotland: Churchill
Livingstone pp. 3-9

Enrico AR (1995). Angiotensin-converting enzyme |I/D polymorphism
and arterial wall thickness in a general population. The Vobarno
Study. Circulation 91: 2721-2724.

Erdos EG, Skidgel RA (1987). The angiotensin I-converting enzyme Lab
Invest 56(4): 345-348.

Hayden MR ((2001). Atherosclerosis and plaque Angiogenesis: a mali-
gnant transformation. Submitted paper. Pathology and Clinical
classification of Vulnerable Plaque. Biochem. J. 357(Pt 3): 593-615.

Hayden MR, Tyagi SC ((1998). Arterial vascular remodeling: the endo-
thelial cell©s central role. Mo. Med. 95(5): 213-217.

Hayden MR, Tyagi SC (2000). Arteriogenesis: Angiogenesis within
Unstable Atherosclerotic Plaques — Interactions with Extracellular
Matrix. ; Curr. Interv. Cardiol. Rep. 2(3): 218-227.

Hayden MR, Tyagi SC (1998). Chapter. Atherosclerosis: Implications of
angiotensin Il and the AT-1 receptor. Angiotensin Il Receptor
Blockade: Physiological and Clinical Implications. (Edited by: Dhalla
NS, Zahradka P, Dixon I, Beamish R). Kluwer Academic publishers;
Boston Ma. 2: 233-243.

Hayden MR, Tyagi SC (2002) Intimal Redox Stress: Accelerated athero-
sclerosis in metabolic syndrome and type 2 diabetes mellitus;
Atheroscleropathy.Cardiovascular Diabetol. 1:3d0i:10.1186/1475-
2840-1-3.

Hohenfellner K, Wingen AM, Nauroth O, Wuhl E, Mehls O, Schaefer F
(2001). Impact of ACE I/D polymorphism on congenital renal
malformations. Pediatr. Nephrol. 16: 356-361.

Hosoi M, Yoshiki N, Kyoko K, Takahiko K, Toshiaki K, Kiyoshi M,
Masanori E, Shinya F, Atsushi S, Tetsuo S, Masaaki |, Yasuhisa O,
Hirotoshi M  (1996). Angiotensin-converting enzyme gene
polymorphism is associated with carotid arterial wall thickness in non-
insulin-dependent diabetic patients. Circulation 94:704-707.

Iso H, Harada S, Shimamoto T, Sato S, Kitamura A, Sankai T,
Tanigawa T, lida M, Komachi Y (2000). Angiotensinogen T174M and
M235T variants, sodium intake and hypertension among non-
drinking, lean Japanese men and women. J. Hypertens. 18: 1197—
1206.

Jeunemaitre X, Inoue |, Wiliams C, Charru A, Tichet J, Powers M,
Sharma AM, Gimenez-Roqueplo AP, Hata A, Corvol P, Lalouel JM
(1997). Haplotypes of angiotensinogen in essential hypertension. Am
J. Hum. Genet. 60: 1448-1460.

Jeunemaitre X, Soubrier F, Kotelevtsev YV, Lifton RP, Wiliams CS,
Charru A, Hunt SC, Hopkins PN, Wiliams RR, Lalouel JM, Corvol P
(1992). Molecular basis of human hypertension: Role of
angiotensinogen. Cell 71: 169-180.

Kario K, Kanai N, Saito K, Nago N, Matsuo T, Shimada K (1996).
Ischemic stroke and the gene for angiotensin converting enzyme in
Japanese hypertensive’s. Circulation 93: 1630-1633.

Keefe ST, Tsapatsaris NP, Beetham WPJ (1993). Association bet-ween
Raynaud.s phenomenon and migraine in a random population of
hospital employees. J. Rheumatol. 20(7): 1187-1180.

Marian A, Yu Q, Workman R, Greve G, Roberts R (1993). Angiotensin
converting enzyme polymorphism in hypertrophic cardiomyopathy
and sudden cardiac death. Lancet 342: 1085-1086

Martinez E, Puras A, Escribano J, Sanchis C, Carrion L, Artigao M,
Divison JA, Masso J, Fernandez JA (2002). Threonines at position
174 and 235 of the angiotensinogen polypeptide chain are related to
familial  history of hypertensionin a Spanish-Mediterranean
population. Br. J. Biomed, Sci. 59: 95-100.

Naftilan AJ, Pratt RE, Dzau VJ (1989). Induction of platelet-derived
growth factor A-chain and c-myc gene expressions by angiotensin Il
in cultured rat vascular smooth muscle cells. J. Clin. Invest. 83: 1419-
1424

Nakamura Y, Shinozaki N, Hirasawa M, Kato R, Shiraishi K, Kida H,
Usuda K, Ishikawa T (2000). Prevalence of migraine and Reynaud’s
phenomenon in Japanese patients with vasospastic angina. Jpn. Circ
J. 64(4): 239-242.

Nergizoglu GK, Keven MA, Girses O, Aras , Ertirk N, Duman K,
(1999). Carotid intima-mediathickness and ACE-gene polymorphism
in hemodialysis patients. J. Nephrol 12: 261-265.

Ohtomo Y, Nagaoka R, Kaneko K, Fukuda Y, Miyano T, Yamashiro Y
(2001). Angiotensin converting enzyme gene polymorphism in
primary vesicoureteral reflux. Pediatr. Nephrol. 16: 648-652.

Pan WH, Chen JW, Fann C, Jou YS, Wu SY (2000). Linkage analysis
with candidate genes: the Taiwanyoung-onset hypertension genetic
study. Hum. Genet. 107: 210-215.

Pereira AC, Mota GF, Cunha RS, Herbenhoff FL, Mill JG, Krieger JE
(2003). Angiotensinogen 235T allele ‘dosage’ is associated with
blood pressure phenotypes. Hypertension 41: 25-30.

Pujia A, Motti C, Irace C, Cortese C, Biagiotti L, Mattioli PL, Federici G,
Gnasso A (1996). Deletion polymorphism in angiotensin converting
enzyme gene associated with carotid wall thickening in a healthy
male population. Coron. Artery Dis. 7: 51-55.

Rankinen T, Gagnon J, Perusse L, Chagnon YC, Rice T, Leon AS,
Skinner JS, Wilmore JH, Rao DC, Bouchard C (2000). AGT M235T
and ACE ID polymorphisms and exercise blood pressurein the
HERITAGE Family Study. Am. J. Physiol. Heart Circ. Physiol. 279:
H368—-H374.

Rigat B, Hubert C, Alhenc-Gelas F, Cambien F, Corvol P, Soubrier F
(1990 ). An insertion / deletion polymorphism in the angiotensin |
converting enzyme gene accounting for half the variance of serum
enzyme levels. J. Clin. Invest. 86: 1343-1346.

Rigat B, Hubert C, Corvol P, Soubrier F (1992). PCR detection of the
insertion/deletion polymorphism of the human angiotensin converting
enzyme gene (DCP1) (dipeptidyl carboxypeptidas 1). Nucl Acids Res,
20: 1433.

Sato N, Katsuya T, Nakagawa T, Ishikawa K, Fu Y, Asai T, Fukuda M,
Suzuki F, Nakamura Y, Higaki J, Ogihara T (2000). Nine
polymorphisms of angiotensinogen gene in the susceptibility to
essential hypertension. Life Sci. 68: 259-272.

Schieffer B, Drexler H (2000). ACE gene polymorphism and coronary
artery disease: a question of persuasion or statistical confusion?
Arterioscler Thromb Vasc Biol. 20: 281-282

Schunkert H, Hense SR, Stender M, Perz S, Keil U, Lorell BH, Riegger,



GAJ (1994). Association between a deletion polymorphism of the
angiotensin converting enzyme gene and left ventricular hypertrophy.
New. Engl. J. Med. 330: 1634-1638

Smyth AE, Hughes AE, Bruce IN, Bell AL (1999). A case control study
of candidate vasoactive mediator genes in primary Reynaud’'s
phenomenon. Rheumatol. (Oxford). 38(11): 1094-1098.

Van Berlo J, Pinto Y (2003). Polymorphisms in the RAS and cardiac
function. Int. J. Biochem. Cell Biol. 35: 932-943.

Zahavi |, Chagnac A, Hering R, Davidovich S, Kuritzky A (1984).
Prevalence of Raynaud.s phenomenon in patients with migraine.
Arch. Int. Med. 144(4): 742-744.



