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Abstract: High blood pressure (HBP) is a complex multifactorial condition which has a polygenic predisposition. The
angiotensin-converting enzyme (ACE) is one of the candidate genes for HBP, and the ACE ID polymorphism with DD
genotype presents a high risk for myocardial infarction, obesity (OB), stroke, type 1 diabetes mellitus (DM1), type 2 diabetes
mellitus (DM2), diabetic nephropathy. The purpose of the study is to identify the high risk of developing MS in ACE DD gene
(RS1799752) on the basis of clinical data, biochemical laboratory investigations, genotyping and sequencing of ACE gene in
patients with HBP, by using the mathematical algorithm ANOVA One Way as a linear model, with the help of the MDR, Graph
Pad Prism and MATLAB software. This study includes 68 subjects, selected from Giurgiu County Emergency Hospital based
on clinical data, biochemical investigations, RFLP-PCR genotyping and Advanced NGx sequencing of the ACE gene with the
DD genotype to identify the increased risk of developing metabolic syndrome (MS) in patients with hypertension. The results
was taken by using as a linear model the mathematical algorithm ANOVA One Way using the programs MDR, Graph Pad
Prism and MATLAB. In conclusion the ACE DD polymorphism is significantly associated with MS in patients with
hypertension.
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1. Introduction
Genetic dysfunction in hypertension (HBP) includes ACE
gene, which is a susceptibility gene [8]. ACE is located on
chromosome 17 and codifies 2 isoforms: the somatic form
(sACE), with a molecular mass of 170 kDa, which is only
expressed in the somatic tissue, and the testicular form (testis
ACE, tACE), also called gACE (germinal ACE), with a
smaller molecular mass, of 100 kDa, which, as its name
suggests, is only expressed in the testicular tissue. These
isoforms result from the activation of two alternative
promoters. sACE expression is due to the activation of a
promoter found in the 5'-region of the first exon (Spro) and it
leads to the transcription of all the other exons. ACE gene is
transcribed from a specific internal promoter, represented by a
91-pb fragment of intron 12 (Gpro): the resulting RNAm
includes exons 13-26, while sACE RNAm corresponds to

exons 1-26 (except exon 13, which undergoes splicing). The
two isoforms differ by their function: sACE has two active
sites (in the N and C terminuses), and tACE has one active
site, an analog of the C-terminus portion of sACE. The serum
ACE levels are considered stable, when they are repeatedly
estimated in the same individual, but they significantly differ
between individuals. In 1988 [4] and 1990 [17] researchers
defined the presence of polymorphisms involving the presence
of insertions (I) or the absence (deletions: D) of DNA
fragments with a length of 287pb. This type of polymorphism
is located in intron 16 of the gene. The usual ID polymorphism
is denoted as rs1799752. The ACE activity in the bearers of
the DD polymorphic form is about twice as large as in
individuals with genotype II. Subjects with genotype ID
present intermediate levels, an indication of codominance. The
I/D polymorphism has an incidence of about 47% of the
variant observed in ACE levels. Recent studies indicate that
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I/D polymorphism is not limited to the serum ACE levels, but
it is also detected through the ACE levels in other tissues.
Initially, the method for the detection of ACE ID
polymorphism was based on the RFLP-PCR test (restriction
fragment legth polymorphism) [17]. ACE is a zinc
metallopeptid which is widely distributed on the endothelial
surface and in the endothelial cells. ACE inactively transforms
a decapeptid, angiotensin I (Ang I or Ang 1-10) to an active
octapeptid, angiotensin II, which is a strong vasoconstrictor
(Ang II or Ang 1-8), which is the main active product of the
renin-angiotensin system (RAS). RAS controls and regulates
blood pressure and the blood volume in the body on a long
term [16]. ACE polymorphism with phenotypes II and ID are
associated with salt sensitive HBP. The mutations of ACE gene
in the homozygous form ID produce angiotensin II, which is a
risk factor for high blood pressure [6]. The critical intron 16
and of the I/D polymorphic variants on chromosome 17 are
situated in the gene encoding the ACE peptide. Genotype DD
has been frequently associated with a high concentration of
serum circulating ACE, which leads to an increase in the
reaction of conversion of inactive angiotensin I to active
angiotensin II [26].
The Advanced NGx test (Next Gene test) uses the
sequencing method, which allows several iterations (repeats)
of the DNA sequence identifiction reaction, by which several
genetic variations can be identified [15].
ANOVA One-WAY (ANOVA), also known as dispersion
analysis or analysis of variance, proposes the comparison of
more than two groups of subjects. It is recommended to use a
larger number of steps of the independent variable in order to
observe, with a wider degree of accuracy, the effect of the
independent variable on the dependent variable [13], [20].
Graph Pad Prism 7 software is used in statistical analysis.
This program provides the possibility to choose the decimal
format used in reporting the P-value. Each analysis
calculating P-value provides more options for the type of
analysis [23].
The MATLAB program is used for creating artificial
neural networks. These have been designed to help in
engineering, economy and even medicine [11]. The human
brain has been considered an extremely refined computer,
whose thinking is like that of an electronic calculator [9].
ANN have been used in the rapid identification of people
with high risk of MS [14]. The Redundant Network Routing
Protocol (RNRP) is used in the diagnosis of essential
hypertension (EHT) [19]. In the accuracy of the metabolic
syndrome neural network models of discriminated analysis
were used. The ROC analysis used the MATLAB software.
The results showed that artificial neural networks have better
performances, sensitivity and specificity in assessing MS
than classical statistics models [22].
The purpose of the study is to identify the high risk of
developing MS in ACE DD gene (RS1799752) on the basis
of clinical data, biochemical laboratory investigations,
genotyping and sequencing of ACE gene in patients with
HBP, by using the mathematical algorithm ANOVA One Way
as a linear model, with the help of the MDR, Graph Pad

Prism and MATLAB software.

2. Materials and Methods
2.1. Study Setting and Desing
2.1.1. Clinical and Biochemical Data
This study tested for the association between gene ACE,
DEL/DEL (RS1799752) and the metabolic syndrome on a
group of 68 subjects: 34 patients with HBP and 34 clinically
healthy subjects forming the control group. The subjects
were aged 20 to 100: 44 women and 24 men selected at
Giurgiu County Emergency Hospital on the basis of their
informal consent and a volunteer contract in the period 20142016. The following clinical data were recorded for these
patients: BMI (body mass index), HBP and the family
history, biochemical laboratory investigations: cholesterol,
triglycerides, HDL-cholesterol, glucose, LDL-cholesterol,
uric acid. The tests were performed with the BS-300 Mindray
Chemistry analyzer, made in China. The work method used
was spectrophotometry and it used blood serum as material
to be analyzed [30].
2.1.2. DNA Extraction
The DNeasy Blood and Tissue kit from Qiagen was used
for the DNA extraction [31]. The spectrophotometric
determination of the purity and concentration of the isolated
genomic DNA was performed with a NanoDrop. Before
using the DNA extracted and purified in various molecular
manipulations, its purity and integrity must be checked [25].
The RFLP-PCR technique was used in genotyping the ACE
ID polymorphism. The RFLP-PCR protocol comprises: DNA
extraction, PCR reaction, which took place in a Corbett
thermocycler. The enzymatic digestion presents restriction
fragments of 335pb. Agarose gel electrophoresis (2%) for the
fragment separation. Staining was performed with ethidium
bromide and it was followed by the amplycon analysis [5].
2.1.3. ACE Gene Sequencing
The sequencing of ACE gene was performed by Advanced
NGx test. This is a genetic test presenting a combination of
nutrigenetics tests, which provide scientifically validated
information on: the genetic variations which define the
necessary amount of nutrients for healthy adults; genetic
variations associated with numerous metabolic risks, and for
which nutritional management solutions exist; genetic
variations causing certain metabolic diseases and rare genetic
diseases; genetic variations of interest for the nutritional
management of physically active people. It uses DNA, it is
performed on a Ion Torrent machine and it includes 400
genetic variations with a number of 99 genes [15].
2.1.4. Data Analysis
The results were statistically processed through the
ANOVA OneWay linear model (p<0.0001), using MDR
version 3.0.2 to calculate OR, ANOVA, Hardy-Weinberg
Law [27, 12], Graph Pad Prism 7 version 7.03 [28],
MATLAB R2009b version 7.9.0529 [29]. Values < 0.05 were
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considered statistically significant [23].
2.2. Ethical Consideration
This study was conducted from 20.01.2014-19.01.2015
and 20.01.2015-19.01.2016 as part of a volunteer activity at
at Giurgiu County Emergency Hospital (Volunteer Contract
no 2/20.01.2014 and contract no 2/20.01.2015 subject to art.
13 (5) of Law no 677/2001).

3. Results
It was 34 patients diagnosed with hypertension were
included in the study. The clinical evaluation of HBP
comprised the following parameters: age, sex, BMI, HBP,
family history (the non-hereditary form predominated, while
the hereditary form occurred in three families with parents
diagnosed with HBP). In respect of age and sex, it was noted
that: 22 patients were women (64.70%) and 12 were men
(35.29%). Their ages went from 21 to 100. In the age group
21-30 there were 2 female patients (9.09%) and 0 male
patients (0%); in the age group 31-40 there were 3 female
patients (13.63%) and 1 male patient (9.09%); in the age
group 41-50 there was one female patient (4.54%) and 2
male patients (18.18%); in the age group 51-60 there were 6
female patients (27.2%) and 4 male patients (36.36%); in the
age goup 61-70 there were 3 female patients (13.63%) and 2
male patients (18.18%); in the age group 71-80 there were 5
female patients (22.72%) and 1 male patient (9.09%); in the
age group 81-90 there were 2 female patients (9.09%) and 2
male patients (18.18%) and in the age group 91-100 there
were 0 female patients (0%) and 1 male patient (9.09%)
(Figure 1).

Figure 1. Percentile distribution of HBP according to age and sex.

The examination of Figure 1 reveals that the highest
proportion of the HBP patients under investigation concerned
the age group 51-60 in female patients. The biochemical
laboratory investigations included the following parameters:
cholesterol, triglycerides, HDL-C, LDL-C, glucose, uric acid.
The high concentrations of cholesterol, LDL, triglycerides,
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glucose and uric acid, and the low concentrations of HDL are
suggestive of a risk of hypertension event. Age and sex
constitute the basic criterion in assessing hypertension. It
follows that metabolic syndrome is present by reason of high
concentrations of glucose, triglycerides and low
concentrations of LDL-cholesterol. In ACE gene genotyping
by RFLP-PCR technique, the frequency with which the MS
characteristics were detected in the hypertension group are:
high concentrations of glucose, triglycerides, LDLcholesterol, uric acid, hypertension, BMI and low
concentrations of HDL. According to the Hardy-Weinberg
equilibrium condition, it results that ACE DD genotype
(p=0,0003), with OR=3.99, where OR>1 presents a high risk
of developing MS, and genotype II with OR=0.27, has a
protective role for MS (Figure 2).

Figure 2. Agarose gel in RFLP-PCR presenting the ID polymorphism of
ACE gene. Lines 1, 2, 6, 7: ACE ID genotype; Lines 3, 4, 9: ACE DD
genotype; Line 8: ACE II homozygous genotype; Line 5: weight marker
(100pb Ladder Fermentas).

Following the identification by sequencing by the
Advanced NGx test of the ACE gene in the Metabolic
Syndrome, the interaction between environmental factors and
genes in the realization of personalized nutrition resulted.
The study conducted on a group of 34 HBP patients aged
between 21 and 100, of whom 22 women and 12 men,
identified the ACE gene and its association with metabolisms
in MS. The muscular function and the body weight were
associated with ACE gene. It was noted that the predominant
genotypes were the homzygous and the heterozygous ones.
The patients presented high rates of cholesterol, triglycerides,
LDL-cholesterol, BMI, glucose, uric acid, systolic and
diastolic blood pressure, and low levels of LDL-cholesterol,
all of which being associated with cardiovascular diseases,
diabetes, obesity, which can increase the risk of metabolic
syndrome. ACE gene, along with its markers, presents a high
risk of developing metabolic syndrome. ACE gene was
present in 33 patients with DD homozygous dominant
genotype and in 1 patient with ID heterozygous genotype.
MDR 3.0.2 statistical program was used on a group of 34
patients diagnosed with hypertension. The response variable
is the high and low risk to develop metabolic syndrome, high
blood pressure. The predictive variables are: diagnosis, age,
sex, blood pressure and the variations of ACE DD gene.
Depending on age and sex (22 women and 12 men), ACE
Del/Del gene (RS1799752) presents the dominant
homozygotes HD (2)=33 patients and the recessive
homozygotes HR (0)=1 patient.
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(a)

(b)
Figure 3. (a) Graphic interaction model for MS, HBP. (b) Interaction map for MS, HBP.

Figures 3A and 3B present the relation between sex, BP and
age, and how they can influence the other parameters. Blood
pressure increases with age and, in terms of sex, it occurs more
frequently in men than in women among young people and
middle-aged adults. It follows that age and sex can influence
biochemical and genetic parameters. There may be differences
between females and males and age differences between

young and old people, regardless of gender, in terms of disease
occurence (Test: normal, MS and HBP). From the statistical
performance data measurements by MDR software, where pvalue test <0.0001, age <0.0001, sex <0.0001, BP=<0.0001
and ACE DD gene <0.0001, it results that all clinical,
laboratory and genetic parameters are significantly associated
with MS in the HBP group (p<0.0001).

(a)

Biochemistry and Molecular Biology 2020; 5(4): 50-59

(b)

(c)
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(d)
Figure 4. Data processing by MDR software evaluated by (a) dendogram obtained by calculating MDR, (b) ReliefF, (c) ValP, (d) OR.

From the analysis by MDR software using ReliefF, X2 Pvalue (Hardy-Weinberg equilibrium) and Odds Ratio as filter,
it results that the values for BP, age, sex, test, ACE DD gene,
were significanlty higher in the group of patients,
ReliefF=0.96667; X2 P-value=0.414003 (p<0.0001),
OR=1.05, where OR>1, resulting in a high risk of developing
metabolic syndrome in the HBP group (Figure 4). MDR

software is a particular non-parameter genetic model, in that
no real parameter is estimated. A cluster was determined by
dendogram (Neibergoing method) based on the association
between genes and environment (test, age, sex). It results that
sex and age influence clinical data, laboratory and genetic
investigations (Figure 5).

Figure 5. Cluster by dendogram produced by MDR software.

The Graph Pad Prism 7.0.3 software and MATLAB
R2009b produced the same results. The results for ACE
gene, DEL/DEL (RS1799752), were: BMI (p<0.0001) is
very significantly associated with MS, glucose (p=0.1343),
triglycerides (p=0.1589) are not significantly associated with
metabolic syndrome, HDL (p=0.0055) is very significantly
associated, cholesterol (p=0.0014) is highly significantly
associated, LDL (p=0.0014) and uric acid (p=0.0041) are

very significantly associated and HBP (p<0.0001) is very
significanlty associated with metabolic syndrome (p<0.05). It
results that the BMI, HDL, cholesterol, LDL, uric acid and
HBP are very significantly associated with MS, therefore
ACE rs1799752 is associated with MS. ACE gene is
statistically highly singnificantly associated with MS through
the 2 bioinformatics software (Figure 6, Figure 7).
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Figure 6. Gene ACE DEL/DEL, ND, IN/IN, gene ACE_DEL/DEL (RS1799752) processed by Graph Pad Prism 7 on the basis of the following parameters:
BMI, glucose, triglycerides, HDL-cholesterol, total cholesterol, LDL-cholesterol, uric acid and HBP.

Figure 7. Gene ACE DEL/DEL (RS1799752) by the MATLAB R2009b program on the basis of the following parameters: BMI, glucose, triglycerides, HDLcholesterol, total cholesterol, LDL-cholesterol, uric acid and HBP.

The control group is composed of 34 subjects considered
clinically healthy. It included the following parameters: age,
sex, BMI, HBP, family history. The biochemical laboratory
investigations comprised the following parameters:
cholesterol, triglycerides, HDL-cholesterol, glucose, LDLcholesterol, uric acid, which ranged within normal limits.
According to age and sex, there were 22 female subjects
and 12 male subjects, aged 21 to 100. The genotyping of
ACE gene through RFLP-PCR and the identification

through Advanced NGx in the control group by MDR 3.0.2,
Graph Pad Prism 7.0.3 and MATLAB R2009b, resulted in
the DD genotype of ACE gene with ReliefF=0.0067; X2 Pvalue=1.05 (p<0.0001), OR=0.1161, where OR>1,
indicating a role of protection against developing metabolic
syndrome in the control group. The results obtained after
the evaluation of the clinical and paraclinical data of the 68
inpatients divided into 2 groups (hypertension and control)
confirmed the following: in group 1, made up of patients
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diagnosed with high blood pressure, the risk of developing
metabolic syndrome is present in both sexes. Metabolic
syndrome can easily be used in clinical practice, when it is
evaluated on the basis of age and sex criteria, since it
provides evidence of a potential cardiovascular risk. The
interpretation of the (biochemical) laboratory investigations
through ANOVA One Way mathematical method is based
on: low HDL-cholesterol, high concentrations of blood
sugar, triglycerides, LDL and uric acid which, confirm the
risk of developing metabolic syndrome. The following
parameters are added to these data: age, BMI, HBP which,
by their high concentrations, confirm the risk of developing
metabolic syndrome in the HBP group. Using the RFLPPCR technique, it results that ACE ID polymorphism with
DD genotype presents a high risk of developing MS, while
genotype II is a protection factor. Following the statistical
analysis performed by using MDR software version 3.0.2, it
was noted that the Hardy-Weinberg Law and the Odds
Ration calculation was as follows: in the HBP group p=1.05,
OR = 1.26 so it results that p is statistically significantly
higher than p<0.0001, OR>1, so it results a high risk of
developing MS; while the control group has p=1.05,
OR=0.1161, where OR<1, so it results it has a protection
role. MDR was used for the detection and characterization
of the gene-gene and gene-environment interaction, with
effect on the risk of developing common complex
multifactorial diseases. It was used for the analysis of the
interaction between 8 genetic and environment factors in
the 68-subject group. In using the Advanced NGx test it
was noted that the dominant homzygous form and the
heterozygous form for the muscular function and body
weight were associated with ACE DD gene (high
concentrations of cholesterol, triglycerides, LDLcholesterol, uric acid, BMI, blood sugar, systolic and
diastolic blood pressure and low levels of HDL-cholesterol).
These are associated with cardiovascular diseases, diabetes,
obesity and they can increase the risk of metabolic
syndrome. It has been observed that the ACE gene along
with its DD genetic variation is associated with nutrition in
healthy adults, lipid, carbohydrate, behavioral metabolism
have been associated with increased risk of developing
metabolic syndrome. After sequencing, the clinical data
(age, sex, BMI, BP), biochemical laboratory data (glucose,
triglycerides, HDL, cholesterol, LDL, uric acid) and the
genetic variation of ACE gene were correlated and they are
associated with a high risk of developing metabolic
syndrome.

4. Discussion
In 1996, Staessen and collaborators noted that, at
OR=1.10 (95% CI=0.95-1.27), there is a high risk, of 10%,
of HBP in genotype DD [21]. The ACE ID polymorphism
with DD genotype is associated with low HDL-cholesterol.
In myocardial infarction (MI) the ACE ID polymorphism of
ACE enzyme is associated with an increase in total
cholestrol and LDL-cholesterol. It presents an association

with BMI and blood lipids, so that the BMI corresponding
to overweight occurs more frequently in patients with ACE
ID genotype rather than with ACE DD genotype, and allele
D of gene ACE is present in abdominal obesity. Genotype
DD of AC gene is associated with high levels of total
cholesterol, VLDL, LDL, TG and low HDL. In
homozygous and heterozygous of ACE gene an
interrelational association with environment factors such as
systolic and diastolic blood pressure, smoking and diabetes
mellitus was identified. The increase in age leads to a
decrease in the number of patients with ACE II genotype
and an increase in the number of those with ACE DD. ACE
DD genotype occurs more frequently in males than in
females, and ACE ID does not present a clear association
with blood lipids and BMI. The ACE ID polymorphism
plays an important role in the human hemodynamic
regulation and it is associated with multifactorial diseases
[2]. In 2009, Settin and collaborators reported a
significantly higher BMI in bearers of allele D. It was
demonstrated that subjects with DD genotype lose less body
fat than bearers of I alle. Rs4340 and rs 1799752 are in the
same 288-bp ID. Rs1799752 is a 2-bp IN/DEL which
surrounds the 3 nucleotides of the 288-bp IN/DEL of
rs4340. The ACE ID polymorphism influences the
concentration and activity of serum ACE. Bearers of D
allele have an higher average ACE serum concentration
than bearers of I allele [3]. It was demonstrated that the
allelic ACE variation is responsible for 47% of the serum
ACE variance. In particular, D allele and DD genotype are
associated with high levels of ACE and a higher risk of
adverse cardiovascular events and lesions of terminal
organs. The correlation of DD genotype and the high
propensity for developing hypertension can be attributed to
the increased conversion of Ang II, suggesting that in these
homozygotes, the high levels of ACE modulate the RAS
function [1]. The literature suggests that individuals with
ACE DD (or GG) and ID (or AG) genotypes, as compared
with the bearers of II (or AA) genotype, seem to be more
vulnerable to the impact of excess adiposity, especially at
adult age [24]. Obesity is defined by WHO as a global
chronic epidemic due to excess accumulation of fat mass
[10]. These findings can have important implications for the
reduction of obesity-related hypertension in children and
adults [24]. ACE gene (Rs1799752) with DD genotype was
associated with higher levels of ACE and an activity four
times higher than in genotype II, beside higher levels of
blood pressure, obesity and high cardiovascular risk.
Research suggests that the ID polymorphism is an
aggressive factor for the development of renal lesions in
type 1 diabetes mellitus [18]. ACE2 is mainly expressed by
epithelial cells of the lungs, gut, kidneys and blood vessels.
This may explain the high incidence of pneumonia and
bronchitis in patients with severe COVID-19 infection. A
recent study showed that ACE2 is also highly expressed on
the mucosa of the oral cavity, providing the virus with easy
access to a new sensitive host [7].
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5. Conclusion
The ACE gene with DD genotype (RS1799752) presents a
high risk of developing metabolic syndrome on the basis of
the clinical data, biochemical and genetic laboratory
investigations, and on the basis of RFL-PCR genotyping and
sequencing by Advanced NGx applying MDR, Graph Pad
and Matlab bioinformatics software on the HBP group. In
conclusion the ACE DD polymorphism is significantly
associated with MS in patients with hypertension.
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