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ABSTRACT Angiotensin-converting enzyme (ACE) is the key enzyme of the Renin-angiotensin system (RAS)
which maintains the blood pressure homeostasis in our body. The association of the ACE insertion (1) or deletion (D)
with essential hypertension has been demonstrated by many studies. The present study is aimed to determine the
association, if any, of ACE I/D polymorphism with essential hypertension in Punjabi population. The ACE I/D
polymorphism genotype frequencies were calculated by comparing essential hypertensive patients with ethnically
similar normotensive controls. The samples were collected from the outpatient departments of various hospitals of
Punjab. The subjects who had systolic blood pressure (SBP) of 140 mmHg or greater, and diastolic blood pressure
(DBP) of 90 mmHg or greater, or were using any antihypertensive medication were considered as hypertensive. The
DNA samples from the patients (100) and controls (100) were isolated, amplified by PCR and analyzed on agarose gel.
When all the genotypes were compared in patients and controls, the chi square value was 0.444, which was not
significant at 5% level. The age, height and weight were analyzed in the three different categories DD, ID, Il which
did not show any significant relationship with the disease. A consistent increase was seen in the SBP and DBP in al the
three genotypes from DD, ID to Il respectively. This increase was statistically significant for DBP especialy in case

of DD vs Il at 5% level (t=2.34, p<0.05).

INTRODUCTION

Hypertension is a major risk factor for
cardiovascular disease both inthe devel oped and
developing countries. It isestimated that by 2020
the burden of cardiovascular disease in India
would surpassany other country inworld (Gupta
et a. 2004). There are various environmental,
genetic and physiological factors that affect
hypertension.

Renin-angiotensin system (RAS) in the body
is a hormone pathway to regulate the blood
pressure and blood volumein the body (Inagami
1994). Angiotensin-I converting enzyme (ACE)
is a key enzyme of the system which activates
the angiotensin-l (decapeptide) by cleaving it
into angiotensin |1 (octapeptide) whichisapotent
vasoconstrictor and inactivates the vasodilator
peptide bradikinin (Richard et al. 2004; Turner et
a.2000).

Most of the association studies are based on
theinsertion or deletion of the 287 bp Alu repeat
intheintron 16 of the gene, inwhich D alleleis
found to be associated with an increase in the
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plasmaA CE levelsinacodominant fashion (Rigat
et al 1990). Severa studies have reported the
association of the ACE 1/D polymorphism and
itssusceptibility to hypertension (Zeeet al. 1990;
Morise et al. 1994). However, it is noticed that
these results have not been replicated in certain
other studies (Chiang et al. 1997; Kiema et
al.1997). It has also been reported that the
increasein the blood pressureis gender specific
and association isstronger in men thaninwomen
(O'Donnell et a. 1998).

Itistruethat blood pressureisalso influenced
by the interaction of genetic and some
environmental factors, but the detection of
statistically significant relationship between the
ACE |/D polymorphism and various other
environmental factors has received less than
required attention. Such interactions can give
rise to differences in the genotypic and
phenotypic variationsin different environments.

Keeping al the above factors in mind, the
present case control study was designed to see
the association, if any, of the ACE I/D
polymorphism with hypertension and to evaluate
the effect of various other parameters like age,
height and weight on essential hypertension in
the population of Punjab.

MATERIAL AND METHODS

Study sample: In the present investigation
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blood samples of 100 hypertensive patients and
100 samples of age, sex and caste matched
normal, healthy individual sas control group were
collected in tubes containing 0.5M EDTA asan
anticoagulant. The sampleswere transported on
iceto thelaboratory and stored at -20° Cill further
analysis. All the patient sampleswere collected
from the outpatient departments of various
hospitals of Punjab and control samples were
collected from normal healthy population after
obtaining the informed consent. Various
parameters like age, height, weight, smoking
habits and dietary patterns were recorded in a
guestionnaire.

The samples, of only those patients were
included in the study who were classified as
hypertensive, according to the criterion of INC
V1l i.e.who had systolic blood pressure (SBP) of
140mmHg or gresater, and diastolic blood pressure
(DBP) of 90mmHg or greater, or were using any
anti- hypertensive medication.

ACE Insertion/deletion Genotyping: The
genomic DNA was isolated using standard
protocol (Gill et a. 1987). The quality of DNA
was checked by 1% agarose gel electrophoresis
and the quantity was determined by
spectrophotometric analysis. Amplification of
the isolated DNA was achieved using standard
polymerase chain reaction (PCR) with the
following primers, 5 -CTG GAGAGC CACTCC
CATCCTTTCT-3 and5'-GACGTG GCCATC
ACATTCGTCAGAT-3'(Tireteta.1992).Ina
total reaction volumeof 10 pl, 100ng of genomic
DNA was used along with 50 uM of each of
dNTPs, 10uM Tris-HCl (pH 9.0), 1.5uM MgCl,,
50uM KCl, 0.01% gelatin, 0.13 uM of each primer
and 0.25 units of Taq polymerase (Bangalore
Genel, Bangdore). Theinitia denaturation at 95°C
for 5 minuteswasfollowed by thirty-five cycles
of denaturation at 95°C for 45 sec, annealing at
56°C for 45 sec and extension at 72°C for 45 sec.
Thefinal extensionwascarried out at 72°Cfor 10
minutes. The products, thus obtained, were then
electrophoresed on 2% agarose gel and the
results were seen by ethidium bromide staining
on UV transilluminator.

Statistical Analysis: Dataanalysiswasdone
with the help of an SPSS version 7.5. The
genotypes were analyzed using chi-square
analysisusing 3X2 tables. Meanswere compared
by using one-way ANOVA and the SBPand DBP
in the patients were compared by t- test.

RESULTS

As no reports are available regarding the
association between ACE |/D polymorphism and
hypertension in the population of Punjab, so the
present case control study examined the possible
association of ACE I/D polymorphism in the
hypertensive Punjabi population

The patient group comprised of 40 malesand
60 females. The mean age of the patients was
52.85 + 11.64 and the mean height and weight of
thisgroup was 160.45 + 17.75 (mean + SD) and
69.6 + 11.83 respectively. 14% of patients were
smokersand 35% of the patientsweretaking non-
vegetariandiet (Table 1).

In the control group there were 60 females
and 40 males. The mean age of the group was
50.7 = 10.07 whereas the mean height and weight
were162.27+7.74 and 64.39 + 10.78 respectively.
10% of these were smokersand 45% weretaking
non-vegetarian diet (Table 1).

Table 2 shows the data pertaining to all the
genotypes and the allele distribution in
hypertensive patients and the normal healthy
control group. The frequency of I/D hetero-
zygotesas compared to homozygotes, was higher
bothin the patient and control group. Theresults
were however, statistically insignificant.

We have also analyzed the association of all
the three genotypes with the phenotypic
variables such as age, height and weight. Means
and standard deviations for all the three
genotypeswere calcul ated and these valueswere
compared using one-way ANOVA to see if the
difference in the values was significant or not.
On analysis it was seen that there was no
significant difference between the age, height

Table 1: Demographic characteristics of subjects.

Controls Patients

Number 100 100
Gender

Males 40 40

Females 60 60
Age 50.7£10.07* 52.84+11.64
Height 162.27+ 7.74 160.45%£17.75
Weight 64.39+10.78 69.6+11.83
Smoker 10 14
Non-smoker 90 86
Diet

Vegetarian 55 65

Non-vegetarian 45 35

* (MeantSD)
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and weight in all the three genotypes (Table 3).

Themeansof SBPand DBPinthe patientsin
the genotypes DD, ID, Il showed a consistent
increase, asshown in Table4. When these blood
pressures were analyzed between the genotypes
using t-test the t values were not significant for
all the cases except the case of DBPintheDD vs
Il wheretheincreasewas statistically significant
withtvalue2.34 and P<0.05asshownin Table
5.

On comparing the non-vegetarians with
vegetarians, the genotypic frequencies obtained
amongst the patientsand their respective controls
were0.229 and 0.012 which were not significant
at 5% level asshownin Table6.

DISCUSSION

It is estimated that the number of deathsin
India due to cardiovascular disease would rise

upto 4.6 million by theyear 2020. Hypertension
isdirectly responsible for 57% of stroke deaths
and 24% of all coronary heart disease deaths
(Gupta et al. 2004). South Asians have an
increased risk of heart disease in comparison to
Europeans, but African Caribbeans seem to fall
inlow risk category (Chaturvedi et a. 2003).
The insertion/deletion polymorphism in the
ACE geneiscorrelated with thecirculating ACE
levels. Individuals with Il genotype have the
lowest circulating ACE levelsas compared to DD
genotype, which are known to have high ACE
levels (Samani et al. 1994). A significant
association of the ACE D alelewith hypertension
in African Americans, Chinese and Japanese
population has already been established (Duru
eta.1994; Chiangetal. 1996; Moriseet a. 1994;
Nakno et d. 1998). On the other hand somestudies
show that | alleleisassociated with hypertension
intheAustralian and Pakistani populations (Zee

Table 2: Distribution of ACE I/D genotypes and allele frequencies in hypertensive patients and normal

healthy subjects.

Population (n)

Genotype frequencies (Percentage)

Allele frequencies

DD ID I D allele | allele
Hypertensive group (100) 17 (17.0%) 58 (58.0%) 25 (25.0%) 0.46 0.54
Control group (100) 14 (14.0%) 62 (62.0%) 24 (24.0%) 0.45 0.55

x?-value 0.444 not significant at 5% level.

Table 3: Age, height and weight values according to ACE I/D polymorphism in the overall sample

population of the study.

Variable DD 1 *F values
Age 46.83+ 11.53** 50.5 11.58 52.75 + 9.84 2.596
Height 162.07+ 7.74 161.23 + 16.9 165.25+ 8.48 1.374
Weight 67.30+ 10.59 66.14 + 12.29 66.92 £+ 11.54 0.079

*F values calculated by one-way ANOVA
**(Means +SD)

Table 4: Systolic blood pressure (SBP) and diastolic
blood pressure (DBP) according to the genotypes
of the patients

Genotype Number SBP DBP
DD 17 145.49+21.9* 89.18+ 9.4
ID 58 149.95+16.74 94.71+11.43

1 25 153.44+20.53 96.84+10.57

Table 5: Comparison of SBP and DBP between the
Genotypes calculated by t-test.

Genotype SBP DBP
DD VsID 0.795 1.8
DD Vsl 1.1 2.34*
ID Vs 0.9 0.78

*Significant at 5% level (P<0.05)

Table 6: Comparison of diet patterns in the hypertensive patients and normal healthy controls.

Population Non-vegetarians \egetarians

DD ID I X DD ID I X
Hypertensive group (100) 7 22 6  0.229* 9 37 19 0.012*
Control group (100) 11 27 7 31 16 8
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etal. 1992; Ismail et a. 2004). The association of
| allelewith hypertensionin Pakistani popul ation
may be attributed to the presence of high levels
of inbreeding, thereby resulting in higher
heterozygosity. The heterogeneity in association
of ACE I/D polymorphism with essential
hypertension may be either due to varied
ethnicity (Barley et al.1994) or the various other
genetic and environmental factorsimplicated in
the regulation of blood pressure (Guyton et al.
1981). Any variationin even asingleetiological
factor could lead to differencein blood pressure
and thereby hypertension.

The present investigation was also
influenced by the fact of positive association of
ACE gene with the Pakistani population which
inhabits and seems to have arisen from almost
same geographical areaand exhibitsalmost same
cultural practicestoo.

A number of studies conducted worldwide
document no association of the ACE 1/D
polymorphism with the essential hypertension
(Pamieset al. 1999; Dazidaet a. 2001; Mondry
et a. 2005). Similarly, our datadid not show any
association between the ACE |/D polymorphism
and essential hypertension. The chi-square
valueswere not significant. On analyzing the data
it was observed that the incidence of hyper-
tension wasgreater inwomen thanin men. There
was no significant association of the age, height
and weight with the essential hypertension.
There was a consistent difference in the means
of SBPand DBPintheDD, ID, and |1 genotypes.
The results after further analysis have shown
that DBPin DD vslI groupincreased significantly.
This predicts that the patients with |1 genotype
had high diastolic blood pressures as compared
to those with genotype DD.

When the dietary factor was taken into
account, no significant correlation between the
diet pattern and hypertension could be
established. However, the overall dietary habit
of Punjabisisto have high cholesterol containing
diet, which could be a predisposing factor
towards hypertension.

Our study is the first of its kind to evaluate
ACE I/D polymorphism for its association with
essential hypertension. The presence of sizeable
number of heterozygotes (58%) within this
population makes it highly susceptible to
hypertension and therefore makes our findings
significant. The sample size of the study was
relatively small and therefore an extensive survey
isnow imperativeto confirm the findings.
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