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Abstract

Objective: An insertion/deletion polymorphism in the Angiotensin Converting Enzyme (ACE) gene has been
implicated in the pathogenesis of heart disease. The present cross sectional study evaluated the ACE gene I/D
polymorphism in an urban worksite cohort.

Method: Fasting blood samples from 132 subjects from a worksite in Mumbai, Western India was analysed for
ACE I/D polymorphism by polymerase chain reaction along with biochemical and lipid parameters. Circulating levels
of ACE activity was also determined.

Results: Among the study cohort, 33 subjects (25%) had metabolic disorders. The remaining 99 subjects without
metabolic disorders could be considered healthy. These subjects had a frequency of 0.36, 0.38 and 0.26 for the I/I,
I/D and D/D genotypes, respectively. The genotypic frequency of subjects with metabolic disorders was not different
from that of the healthy subjects. Homozygous carriers of the ‘D’ allele exhibited two-fold higher serum ACE activity
compared to homozygous carriers of the ‘I’ allele. Serum ACE activity was significantly correlated to serum total
cholesterol (r=0.501, p=0.006) and triglyceride (r=0.469, p=0.012) levels in D/D carriers. Contrary to this serum ACE
activity was significantly related to fasting plasma glucose levels (r=0.39, p=0.03) in the I/I homozygotes.

Conclusion: In this worksite urban Indian cohort, I/D polymorphism in the ACE gene is associated with
established risk factors namely fasting serum cholesterol, triglycerides and plasma glucose levels. While the ACE
activity of D/D homozygotes was predictive of total cholesterol and triglyceride levels, the ACE activity of I/I
homozygotes was predictive of plasma glucose levels.
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Introduction
The angiotensin converting enzyme (ACE) is an important

component of the Renin- Angiotensin system (RAS) involved in the
regulation of blood pressure, sodium and water homeostasis. In
humans, ACE converts angiotensin I to angiotensin II, a potent
vasoconstrictor and degrades bradykinin, a vasodilator [1]. These
activities contribute to the regulation of blood pressure. ACE inhibitors
constitute an effective therapeutic option in the management of
essential hypertension.

Since the discovery of a polymorphism involving insertion/deletion
of a 287 bp fragment in the intron 16 of ACE gene [2], numerous
studies have assessed the role of this polymorphism in hypertension
[3,4], heart disease [5], stroke [6] and diabetic nephropathy [7]. The
phenotypic effects of the polymorphism on ACE enzyme activity have
been reported in few studies [4,8]. However, results from these studies
have failed to establish a consistent role of this polymorphism as a
genetic marker of cardiovascular disease.

Indian population is highly susceptible to coronary heart disease,
ischemic heart disease and stroke [9,10]. Conventional risk factors
such as smoking, obesity, type-2 diabetes and dyslipidaemia have been
implicated in the pathogenesis among Indians similar to Caucasians.
Since there is a high familial tendency to develop cardiovascular
diseases in the Indian population, studies on the role of genetic factors
are important in our population.

A large number of case control studies have been carried out in
different parts of India. Although India is one country, there are
differences in lifestyle, environment, dietary, religious and cultural
habits of subjects from different regions. South Indian subjects have
high incidence of type-2 diabetes and coronary artery disease, CAD
while East and North Indian subjects have high incidence of stroke [9].
Further, hospital-based studies introduce selection bias and may not
represent true population sample.

Cohort studies offer a unique opportunity to identify subjects in an
unbiased manner. Further work related stress could also be a risk
factor among Indians similar to Caucasians [11]. Worksite represents a
common environment for a major part of productive life. Hence
implementing preventive measures and follow up is easy. This would
offer substantial benefits to the society besides improving healthcare of
the workforce.

Kasarpalkar et al., J Clin Exp Pathol 2019, 9:1
DOI: 10.4172/2161-0681.1000362

Research Article Open Access

J Clin Exp Pathol, an open access journal
ISSN:2161-0681

Volume 9 • Issue 1 • 1000362

Jo
ur

na
l o

f C
lin

ica
l & Experimental Pathology

ISSN: 2161-0681

Journal of 
Clinical & Experimental Pathology



The objective of the present study is to evaluate the I/D
polymorphism in the ACE gene and its metabolic implications, in an
urban worksite cohort from Mumbai, Western India.

Materials and Methods

Subjects
A total of 132 unrelated individuals undergoing Annual Medical

Check-up from June 2012 to July 2012 at the institute participated in
the study. Blood was collected between 9am and 10am after 12hr
overnight fasting. Informed written consent was obtained from the
study subjects. Body weight was measured in kilograms. Height was
measured in centimetres with the subject in the standing position
without shoes. Waist circumference was measured as the smallest
length around the umbilicus. Blood pressure was measured twice while
resting using a mercury sphygmomanometer. Medical history and
clinical data were collected using a detailed questionnaire. The project
was approved by the Human Ethics committee of the Haffkine
Institute.

Blood samples
About 10-12ml of venous blood was collected. This included 2ml

with fluoride, 5ml in plain vaccutainers and another 5ml in the
presence of ethylenediamine tetraacetic acid (EDTA). Blood collected
in fluoride was immediately centrifuged at 3000 rpm for 10 minutes
and plasma glucose levels were determined within 1h. Blood collected
in plain vaccutainers was allowed to clot for an hour at room
temperature and then centrifuged at 3000 rpm for 10 minutes. Serum
was separated and dispensed into three micro centrifuge tubes. One
aliquot of serum was used for biochemical analysis. The other two
aliquots were stored at -800°C.

Biochemical analysis
Plasma glucose, serum total cholesterol, triglycerides, urea and

creatinine levels were determined by enzymatic methods using kits
from Erba Mannheim (Transasia Bio Medical Ltd., India). Activities of
serum alanine transaminase (ALT) and aspartate transaminase (AST)
were measured by spectrophotometry using kits from Erba Mannheim.
The absorbance was measured using Erba Chem-5 semi-autoanalyser
(Transasia Bio Medical Ltd., India).

Enzyme and hormone assays
Serum ACE activity was measured by spectrophotometric method

using a kit (Buhlmann Laboratories AG, Schönenbuch, Switzerland)
which contained a synthetic substrate, furan-acryloyl-L-
phenylalanylglycylglycine. The absorbance was measured using
Synergy HT multimode reader (Biotek Instruments, Vermont, US).
The intra-assay precision was 2.7% and the inter-assay precision was
8.1%. Serum renin levels were assayed using renin ELISA kit
(Demeditec Diagnostics Gmbh, Kiel, Germany). The intra-assay
coefficient of variation (CV) was 3.8% and inter-assay CV was 5.1%.
Serum insulin was assayed using an ELISA kit (Mercodia AB, Uppsala,
Sweden). The intra-assay coefficient of variation (CV) was 2.8% and
inter-assay CV was also 2.8%. Serum C-peptide was assayed by ELISA
using a kit (Mercodia AB, Uppsala, Sweden). The intra-assay
coefficient of variation (CV) was 2.9% and inter-assay CV was 0.6%.

DNA isolation & genotyping
Genomic DNA was isolated from EDTA-treated blood samples

using QIAamp DNA Blood Mini Kit (Qiagen, California, US)
according to manufacturer’s instructions. The DNA was genotyped by
a modified PCR method [12]. Primers used were ACE-Forward
primer: 5′-GCCCTGCAGGTGTCTGCAGCATGT-3′and ACE-Reverse
primer: 5′-GGATGTGGCTCTCCCCGCCTTGTCTC-3′ (Eurofins,
MWG Operon, Alabama, USA). The PCR consisted of an initial
denaturation at 94°C for 3 min followed by 35 cycles of denaturation at
94°C for 30s, annealing at 56°C for 45s, and elongation at 72°C for 2
min. The final elongation was at 72°C for 7 min. The PCR products
were separated on 2% agarose gel containing ethidium bromide.

Statistical analysis
Body mass index (BMI), the ratio of body weight in kilograms to

height in meters square, was determined and expressed in Kg/m2
units. Insulin resistance and β cell function were determined using the
HOMA method [13]. Data are presented as mean ± standard error of
mean (SEM). For variables showing skewed distribution, median
values are presented. Group means were compared using unpaired t-
test. Allele frequency and genotype frequencies were compared using
Chi-square test. All statistical analyses were performed using Statistical
Package for Social Sciences (SPSS) software for Windows v 21.0.
Minimum level of significance was taken at p<0.05.

Results

Characteristics of the study subjects

Characteristics Value* %

Number 132

Men 84 64

Women 48 36

Age (years) 35.2 ± 0.84  

Body Weight (Kg) 65.5 ± 1.1

Body Mass Index (Kg/m2)  

Men 23.9 ± 0.40

Women 26.0 ± 0.80

Waist circumference (cm)  

Men 89.2 ± 1.19

Women 89.8 ± 1.32

Systolic Blood Pressure (mm Hg) 123.4 ± 1.13  

Diastolic Blood Pressure (mm Hg) 78.6 ± 0.75  

Metabolic Parameters

Glucose (mg/dL) 92.9 ± 1.6

Triglycerides (mg/dL) 123.7 ± 7.5

Cholesterol (mg/dL) 184.5 ± 3.4

Alanine Transaminase (IU/L) 29.4 ± 1.5
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Aspartate Transaminase (IU/L) 26.1 ± 1.1

Table 1: Characteristics of the Study Subjects (*Data are expressed as
(mean ± SEM) units).

The study included a total of 132 subjects. Table 1 presents the
anthropometric and metabolic characteristics. Among the subjects,
64% were men. The study cohort was comparatively young with the
mean age of 35 years and had a body weight of 65.5 ± 1.1 kg (mean ±
SEM). While men were non-obese, women had abdominal obesity
since the waist circumference was more than 80 cm (Table 1). Both
systolic and diastolic blood pressures were within the normal limits.
The levels of alanine transaminase and aspartate transaminase
activities were within upper limit of the normal expected range.

The study cohort exhibited strong family history of cardiovascular
and metabolic disorders. Family history of hypertension was reported
by 43 subjects (32.6%), 21 (15.9%) had a family history of Type 2
diabetes and 4 (3%) had family history of heart disease. In this cohort,
there were 15 (11.4%) obese subjects, 10 (7.6%) had hypertension, 7
(5.3%) had type 2 diabetes and 1 (0.7%) had cancer. Patients with
hypertension or diabetes were on oral drugs. Thus, there were 33
subjects (25%) with metabolic disorders. Excluding these subjects there
were 99 subjects that can be considered healthy.

ACE genotype in the study subjects

Figure 1: ACE genotypes as observed in electrophoresis. PCR
amplification products for ACE genotypes as observed on 2%
agarose gel. Lanes 2 and 6 depict a band of 597 bp corresponding to
I/I homozygotes; lanes 3 and 7 indicate a band of 319 bp
corresponding to D/D homozygotes; lanes 4 and 5 show both the
two bands indicating I/D heterozygotes.

The PCR products from the I/I homozygote is seen as a single band
at 597 bp (Figure 1). The D/D homozygote is visualized as a single
band at 319 bp. The I/D heterozygote is identified by the presence of
both the bands. Lanes 2 and 6 identify I/I homozygotes; lanes 3 and 7
identify D/D homozygotes; lanes 4 and 5 bands identify I/D
heterozygotes.

In subjects without metabolic disorders (n=99) the frequency of the
‘I’ allele was 0.55 and that of the ‘D’ allele was 0.45 (Table 2). The allele
frequency of subjects with metabolic disorders was not significantly
different from those without metabolic disorder (χ2=0.820, P=0.423).

Frequencies of I/I, I/D and D/D genotypes for subjects with metabolic
disorders was not different from the frequencies observed in healthy
subjects.

Allele
Frequency

Genotypic Frequency

I D I/I I/D D/D χ2 p

Subjects without
metabolic
disorders (99)

0.55 0.45 0.36 0.38 0.26
2.59 0.27

Subjects with
metabolic
disorders (33)

0.45 0.55 0.21 0.46 0.33

Table 2: Allele and Genotypic frequency of ACE gene in subjects with
or without metabolic disorders.

ACE genotype and metabolic characteristics
The metabolic characteristics of the healthy subjects (n=99)

stratified according to ACE genotype are presented in Table 3. The
mean age was similar among the three genotypic groups. Blood
pressure levels did not vary among the different genotypes.
Biochemical parameters of fasting plasma glucose, serum triglyceride
and total cholesterol levels tended to be higher in D/D homozygotes
compared to the levels found in I/I homozygotes. The kidney and liver
function test parameters were not significantly different among the
subjects with different genotypes.

Median serum insulin levels of subjects homozygous for the I allele
(I/I) tended to be higher than insulin levels of subjects with other
genotypes (Table 3). Serum C-peptide levels and HOMA-IR values did
not differ significantly among the genotypes.

Characteristics I/I (36) I/D (37) D/D (26)

Age (years) 31.4 ± 7.3 34.2 ± 8.8 34.5 ± 9.8

Systolic Blood Pressure (mm Hg) 124.2 ± 2.1 119.5 ± 1.6 121.9 ± 2.2

Diastolic Blood Pressure (mm
Hg) 78.3 ± 0.3 76.0 ± 0.4 77.3 ± 0.5

Glucose (mg/dL) 86.5 ± 1.4 89.9 ± 2.1 91.1 ± 3.5

Triglycerides (mg/dL) 102.0 ± 10.4 107.2 ± 9.3 119.7 ± 18.2

Cholesterol (mg/dL) 177.4 ± 5.8 175.1 ± 5.6 188.5 ± 7.2

Insulin (µU/ml)* 11.3
(9.1-14.9)

8.8 (6.9-13.8) 9.4
(5.3-15.7)

C-peptide (pmol/L)* 574 (502-680) 617
(453-697)

618
(443-817)

HOMA IR* 2.4 (1.8-3.0) 1.9 (1.5-3.1) 2.2 (1.2-3.8)

Table 3: Characteristics of healthy subjects distributed according to
ACE genotype (Data are expressed as (mean ± SEM) units. *Median
(95% CI)).

Association of ACE genotype with phenotype
Figure 2 illustrates the serum ACE enzyme activity stratified by the

genotype. ACE activity data are available for 59 of the 99 subjects.
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Subjects homozygous for D/D genotype exhibited 2-fold higher
enzyme activity (p<0.005) compared to the I/I homozygotes (Fig 2).

Figure 2: Angiotensin converting enzyme activity among different
genotypes. Angiotensin converting enzyme activities of healthy
subjects distributed according to ACE genotypes. The data are from
I/I homozygotes (n=32), I/D heterozygotes (n=3) and D/D
homozygotes (n=24). **(p=0.005) for D/D genotype versus I/I
genotype.

Association between ACE phenotype and metabolic risk
factors

Figure 3: Effect of Angiotensin converting enzyme activity on serum
cholesterol levels. Serum Angiotensin converting enzyme activity of
32 healthy subjects with I/I genotype (empty circle) and 24 with
D/D genotype (filled circle) was plotted against serum cholesterol
levels. Serum angiotensin converting enzyme activity of D/D
homozygotes exhibited significant positive correlation (p=0.006)
with fasting serum cholesterol.

The relationship between ACE enzyme activity and fasting serum
total cholesterol levels is presented in Figure 3. Linear regression
analysis showed that circulating ACE activity was significantly related
to total cholesterol levels among the D/D homozygotes (r=0.501,
p=0.006) while ACE activity of I/I homozygotes did not show
significant correlation (r=0.156, p=0.193). Figure 4 illustrates the
relationship between ACE activity and fasting serum triglyceride levels
in healthy subjects. Serum ACE activity was also significantly
(p=0.012) correlated to triglyceride levels in homozygous carriers of
the D allele (r=0.469).

Figure 4: Effect of ACE enzyme activity on serum triglyceride levels.
Angiotensin converting enzyme activity of 32 healthy subjects with
I/I genotype (empty diamond) and 24 subjects with D/D genotype
(filled diamonds) was plotted against serum triglyceride levels.
Serum angiotensin converting enzyme activity of D/D homozygotes
exhibited significant positive correlation (p=0.012) with fasting
serum triglyceride levels.

Serum ACE activity was significantly related to fasting plasma
glucose levels (r=0.39, p=0.03) in subjects with I/I genotype, while the
D/D homozygotes did not exhibit this relationship (Figure 5). ACE
activity was not related to BMI, blood pressure, insulin, C-peptide and
HOMA-IR in this cohort.

Serum renin levels are available for the 59 healthy subjects who were
also analysed for ACE activity. The mean renin level of these 59 healthy
subjects was 55.6 ± 4.7 pg/mL. Renin levels did not differ in relation to
the genotype.

Figure 5: Effect of ACE enzyme activity on plasma glucose levels.
Serum ACE activity of 32 healthy subjects with I/I genotype (empty
triangles) and 24 subjects with D/D genotype (filled triangles) was
plotted against plasma glucose levels. Serum angiotensin converting
enzyme activity of I/I homozygotes exhibited significant positive
correlation (p=0.03) with fasting plasma glucose levels.
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Subjects with metabolic disorder
The cohort of 33 subjects with metabolic disorders (Table 4) was

older (41.0 ± 1.6 years) than the subjects without metabolic disorders
(33.3 ± 0.8 years n=99). This group had more women compared to the
healthy subjects. The subjects were overweight. The systolic blood
pressure was slightly higher in D/D homozygotes (134.1 ± 5.1 mm Hg,
n=8) compared to subjects with I/I genotype (123.4 ± 5.1 mm Hg,
n=6). Similarly, the diastolic blood pressure was slightly more in the
D/D homozygotes than in I/I homozygotes.

Variables I/I I/D D/D

Number (%) 7 15 11

Men: Women ratio 2:5 7:8 6:5

Age (years) 38.8 ± 3.8 42.4 ± 2.8 40.5 ± 3.3

Body weight (Kg) 63.5 ± 5.8 73.0 ± 3.7 71.0 ± 3.3

Body Mass Index (Kg/m2) 27.0 ± 2.6 29.2 ± 1.2 30.4 ± 1.5

Waist circumference (cm) 92.1 ± 5.6 96.0 ± 2.9 94.2 ± 1.7

Systolic Blood Pressure (mm Hg) 123.4 ± 5.1 125.7 ± 3.8 134.1 ± 5.1

Diastolic Blood Pressure (mm Hg) 78.0 ± 2.6 81.6 ± 2.2 87.0 ± 3.2

Glucose (mg/dL) 107.4 ± 8.7 98.4 ± 5.2 111.0 ± 10.6

Triglycerides (mg/dL) 158.9 ± 40.1 133.8 ± 26.3 189.9 ± 43.0

Cholesterol (mg/dL) 177.4 ± 8.4 195.6 ± 9.2 218.9 ± 19.6

Renin (pg/mL)
46.0 ± 12.6
(n=6) 29.7 (n=1) 36.6 ± 7.2

(n=8)

Table 4: Characteristics of subjects with metabolic disorder distributed
according to ACE genotype (Data are expressed as (mean ± SEM)
units)).

Discussion
The present cross sectional study reveals that:

1. In this small cohort of 132 young working subjects, 25% suffer
from various metabolic disorders;

2. Among the subjects without metabolic disorders, carriers of D/D
genotype exhibited two fold higher circulating ACE enzyme
activity compared to carriers of I/I genotype;

3. Serum ACE activity was significantly related to fasting serum
total cholesterol, triglycerides and plasma glucose levels;

4. While carriers of D/D genotype exhibited significant correlation
of ACE activity to serum cholesterol and triglyceride levels the I/I
homozygotes exhibited correlation of ACE activity to fasting
plasma glucose levels.

Characteristics of our total study cohort revealed a high family
history of CVD risk factors of 50%. Further, 25% of the subjects have
been currently suffering from various metabolic disorders even at a
relatively young age of around 35 years. These results are similar to the
findings on subjects from Rajasthan and North India [9,14]. Our data
on the prevalence of obesity (11.4%), hypertension (7.6%) and diabetes
(5.3%) are different from a study on urban Indians from Delhi of
similar age wherein a higher prevalence was reported [15].

Mumbai is a big metropolitan city with large population and
reported to have the highest cardiovascular mortality [16] in India.
There is lacunae on the role of risk factors (genetic/environmental)
responsible for the increased propensity of Mumbai urban Indians to
heart diseases. The present study could be considered as a first effort in
this regard.

Allele frequencies of the ‘I’ and ‘D’ alleles observed in our healthy
cohort is comparable to other studies reported from India [17,18].
Increase in ACE activity of carriers of the ‘D’ allele compared to the
carriers of the ‘I’ allele seen in our study is similar to the previous
reports [19-21] in Caucasian subjects. It is known that the I/D
polymorphism accounts for nearly 50% of the variation in ACE
enzyme activity in various population. Enzyme activity of ACE has not
been studied extensively among Indian subjects. One study involving
patients suffering from myocardial infarction from South India [5] did
not find significant changes in activity, among the different genotypes
although elevated levels were reported in patients compared to
controls.

We found significant positive association between ACE enzyme
activity and established cardiovascular risk factors in this cohort. ACE
activity was correlated to fasting cholesterol levels only in carriers of
D/D genotype but not in the carriers of the I/I genotype. Further, ACE
activity was also significantly related to serum triglycerides in the D/D
homozygotes. This is a novel finding in our study.

Many investigators have studied ACE polymorphism in CAD as a
potential causal link to serum cholesterol and other risk factors. Our
results are somewhat similar to the reports of Borzyszkowska and
coworkers who found association of ACE polymorphism with severity
in atherosclerosis [5] in CAD patients from Poland. They reported that
severity of CAD, defined by Gencini score, was the highest among
male D/D carriers who also have high cholesterol. Studies from India
have not reported association of ACE polymorphism with cholesterol
or any other metabolic variables either in controls or patients with
metabolic syndrome (Mittal et al. 2011) or diabetes [17]. A study from
South India found association of ACE polymorphism with heart
disease among diabetic patients only in subjects with polymorphisms
in CETP (Cholesterol Ester Transfer Protein) gene, involved in the
cholesterol metabolism [18]. However, these authors did not evaluate
the relationship between ACE polymorphism and cholesterol or
triglyceride levels. Our finding, if confirmed in larger population, is of
clinical significance. Genotyping of subjects with high cholesterol
could help in the early identification of a subset with D/D genotype,
which could be targeted for preventive or therapeutic measures
aggressively.

Contrary to the trend seen in cholesterol and triglyceride levels,
plasma glucose was significantly related to ACE activity in carriers of
‘I’ allele. It is not clear whether this is related to their lower plasma
glucose levels (Table 3) compared to D/D carriers.

The mechanism behind the association of ACE activity to serum
cholesterol or triglyceride in D/D homozygotes is not clear. The I/D
polymorphism is in the intron 16 of the ACE gene and hence, a direct
effect on ACE activity is unlikely. It has been reported that this I/D
polymorphic region is in linkage disequilibrium with another major
gene controlling the enzyme activity [22,23]. Since ACE is also
expressed in vascular endothelium, one possibility is that the D/D
homozygotes, with additional vascular enzyme activity could be prone
to atherosclerosis through angiotensin II mediated vasoconstriction, in
the presence of high serum cholesterol.
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The limitation of our study is the small size. Because of this we 
could not ind the difference in genotype distribution between subjects 
with (n=33) and without metabolic disorders in this cohort. These 
indings need to be con irmed and validated in another cohort 

involving larger population size.

Conclusion
The present cross sectional study suggests that I/D 

polymorphism in ACE gene is associated with established CVD risk 
factors namely fasting serum cholesterol, triglycerides and plasma 
glucose levels. In this cohort, homozygosity for the ‘D’ allele was 
predictive of serum cholesterol and triglycerides levels while 
homozygosity in the ‘I’ allele was indicative of fasting plasma glucose 
levels. Future studies involving large number of subjects are needed to 
validate current indings.
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