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Abstract
Background: Chronic Kidney Disease (CKD) is progressive kidney damage in which the glomerular
filtration rate (GFR) decreases by 15% of that performed by normal kidneys, with the result that the
kidneys are no longer to function effectively and this condition is treated with either kidney
transplantation or dialysis. Hemodialysis (HD) is a process in which the blood passes through a
machine (dialyzer) to remove waste. Angiotensin Converting Enzyme (ACE) is one of the major
components of the renin-angiotensin aldosterone system (RAAS) that is responsible for blood
pressure regulation. Insertion/Deletion I/D polymorphism of a 287 bp Alu repeat sequence in introns
16 of the ACE gene results in three genotypes I/D, D/D and I/I. The aims of this study were to
evaluate ACE genotypes and allele frequency among HD patients and control subjects and to
examine the association between ACE genotypes with HD risk. Methods: A retrospective casecontrol study included 186 subjects, 86 HD patients and 100 healthy individuals as a control. EDTA
whole blood samples were collected from all participants for DNA extraction, and the ACE gene
polymorphism was analyzed by using the Polymerase Chain Reaction (PCR) technique. Additionally,
all individuals were requested to complete the questionnaire. Results: The initial results
demonstrated that the D/D genotype was the most common genotype in all subjects and the
association between ACE genotypes with HD occurrence was not statistically significant in the Gaza
Strip-Palestine. Furthermore, no statistically significant association was detected between the
polymorphism and the study groups (p-value = 0.511).
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1. Background
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Chronic Kidney Disease (CKD) is a condition in which there is progressive and irreversible kidney
damage for three months or more caused by abnormalities in the structure or the function of the
kidneys, as well as a decrease in the glomerular filtration rate (GFR). Abnormal parameters in
the blood (serum creatinine) and urine tests (urine albumin), pathological markers or imaging
tests for kidneys imply kidney dysfunction [1]. GFR is considered to be the best estimate of
kidney function and determines the stage of kidney disease; if the GFR is less than 15% than that
performed by normal kidneys and the kidneys are no longer capable of functioning normally,
renal failure occurs. For urine albumin, accurate quantification of the amount of albumin lost in
the urine has important clinical connotations: healthy adults excrete less than 30 mg of albumin in
24 hours; excretion of amounts between 30 and 300 mg in 24 hours is termed microalbuminuria,
and excretion of amounts in excess of 300 mg in 24 hours is termed macroalbuminuria [2]. All
these conditions are treated with dialysis or kidney transplantation. Hemodialysis (HD) is the
process in which the blood is passed through a machine (dialyzer) to remove waste like urea,
restore electrolyte balance and remove the extra fluid and this process is usually performed at a
hospital or dialysis center [3].
End-stage renal disease (ESRD) occurs when patients who are undergoing dialysis therapy
have increased morbidity and mortality rates compared with the general population, and about
40% of deaths in HD are related to cardiovascular causes [4]. There are many risk factors for
cardiovascular disease (CVD) in patients treated with dialyses, such as diabetes, hypertension
(HTN), inflammation, anemia, oxidative stress, vascular calcification and changes in the Renin
Angiotensin Aldosterone System (RAAS) [5].
Recently, the genetic variants in RAAS and its association with the components of metabolic
syndrome have gained importance. The Angiotensin Converting Enzyme (ACE) gene is one of
the most studied genes that produce a protein that acts on Angiotensin I (AngI) to produce
Angiotensin II (AngII), which is a potent vasoconstrictor in RAAS that regulates blood pressure
and extracellular volume [6].
ACE gene is mapped on chromosome 17q23.3 encoded by a 21 Kb gene that consists of 26
exons and 25 introns; more than 160 polymorphisms in the ACE gene are listed in NCBI records,
and the majority are single nucleotide polymorphisms. In total, 34 of the polymorphisms occur in
coding regions, and 18 of them are missense mutations. The ACE gene encodes two isoforms: one
is expressed in somatic tissue called somatic form (sACE), and the other is expressed in germinal
cells in the testes called testicular form (tACE) or germinal ACE (gACE) [7].
A polymorphism of the ACE gene by the insertion (I) or deletion (D) of a 287 bp Alu repeat
sequence inside intron 16, which results in the three genotypes: Homozygotes I/I and D/D and
heterozygotes I/D [8]. Although the polymorphism is located in a non-coding region, the D allele
is associated with increased activity of ACE in serum [9]. There are highly inconsistent findings
within all the major ethnic groups when the association of I/D polymorphism of ACE gene is
studied with cardiovascular and renal complications and the risk for Type 2 Diabetes Mellitus
(T2DM), where some studies have explained that the D allele is most frequent in T2DM and
the associated complications in Tunisia [10] while others have found no association between ACE
alleles frequencies with T2DM or cardiovascular disease (CVD) and renal disease in Malaysia and
Indonesians [11]. The differences in the findings are largely due to the multifactorial or polygenic
nature of these disorders, as evidenced by the variations of disease outcomes modulated by the
between the gene to gene or gene to environment interactions [6].
There are more than 800 chronic kidney disease patients undergoing HD in Gaza StripPalestine, and approximately 40% of them have T2DM (personal conversation with Dr.
Alqeshawi). To date, this is the first study on the association between ACE polymorphism with
HD in Palestinian patients.
The objectives of the present study are: (a) To assess ACE genotypes frequency in the
Palestinian population; (b) To evaluate ACE genotypes and allele frequency among HD patients
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and control subjects; (c) To investigate the relationship between ACE genotypes and HD risk in
patients who have different clinical diseases.

(a) Sampling
EDTA whole blood samples were collected from 186 individuals to conduct a retrospective casecontrol study. Eighty-six subjects (49 female and 37 male) undergoing HD for longer than six
months at government hospitals from a total of 800 patients in Gaza Strip and 100 healthy
individuals as control were included in this study (41 female and 59 male); participants were
all Palestinian nationals above the age of 25 and were selected randomly. A self-administered
questionnaire was completed by the participants (Appendix-A). DNA extraction from blood
samples was performed by using a Promega kit and GeneAll kit for human DNA extraction by
following the manufacturers’ instructions.

(b) Ethical Considerations
Permission to conduct the study was obtained from the Ministry of Health in the Gaza Strip.

(c) PCR Amplification of ACE Gene

Biomed. Res. Ther. 2018, 5(4):2160-2170
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2. Methods
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(i) Primers for ACE Gene Polymorphism
Polymerase chain reaction (PCR) was used to detect insertion or deletion of 287 bp Alu repetitive
sequence closed to the 3’ end of intron 16 of the ACE gene for both groups (case and control).
PCR oligonucleotide primers were used as described [9].

(ii) ACE gene Amplification and Temperature cycling program
Three µl (~150 ng) of the extracted DNA was added to 7 µl master mix (Bioline, UK), and 0.5 µl
of each primer (5 pmol) in 0.2 ml thin-walled micro-centrifuge tubes. The tubes were centrifuged
and then placed in a thermal cycler (Biometra, Germany).
PCR amplification was done according to the following thermal cycling conditions: Step 1.
Denaturation for 1 minute at 95 C◦ : Step 2. 36 cycles of melting for 15 seconds at 95 C◦ ; annealing
for 15 seconds at 59 C◦ ; and extension for 10 seconds at 72 C◦ ; Step 3. Final extension for 10
minutes at 72 ◦ C. PCR products were analyzed on 2% ethidium bromide-stained agarose gel
electrophoresis to determine the polymorphism of the gene.

(d) Data Analysis
The data were analyzed by using statistical package for Social Sciences (SPSS) version 18.0;
Independent Samples t-test, Chi-square test and Odd’s Ratio (OR) were used to compare the case
and control groups in this study. A p-value < 0.05 was considered to be statistically significant.

3. Results
Investigation of ACE gene I/D Polymorphism was conducted on a study group that included186
individuals who were separated into case and control groups: the case group consisted of 86 HD
patients who had been undergoing dialysis for more than 4 months (mean age 56 ± 11.47) and
the control group included 100 subjects (mean age 49.58± 7.87). The mean age for all subjects
was (52.55 ± 10.20), where 79.04% of the study population were non-smokers, and 20.96% were
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(a) PCR Results
PCR against the ACE gene polymorphism was applied to detect ACE genotypes, 490 bp amplicon
size was detected with I/I genotype and 190 bp amplicon to D/D genotype and the presence of
two bands 490 bp and 190 bp showed the I/D genotype, as shown in Figure 1. A negative control
(with nuclease-free water instead of the DNA template) was included in each reaction. The size
of the amplicon was estimated by comparing it with a DNA molecular size marker (50 bp ladder
DNA) run on the same gel.
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smokers. Furthermore, 51.61% of the participants were males, and 48.38% were females. Eightysix percent of HD patients were hypertensive, and 50.0% of them were diabetic, while the entire
control population was non-hypertensive and non-diabetic.

Figure 1. ACE gene PCR products in agarose gelelectrophoresis.

(b) ACE Genotypes
(i) ACE Genotypes frequency in the studied population
ACE genotypes distribution for all subjects were (57.5%) for D/D genotype, which was the most
frequent among the studied population, followed by I/D genotype (38.2%), while I/I genotype
was the lowest (4.3%), as shown in Figure 2.
According to the p-value results, there were no statistically significant associations between the
ACE genotypes and HD group or the control group (p-value = 0.511), but there was a significant
difference between ACE genotypes and gender (p-value>0.05) Table 1.

(ii) The frequency of the ACE allele in all subjects
D allele was the most frequent allele among all subjects (76.6%), where it was found in 75.5% of
the control group and 78.5% of the HD patients, while I allele was (23.4%), with 25.0% in control
and 21.5% in HD patients, as shown in Table 2.

Biomed. Res. Ther. 2018, 5(4):2160-2170
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Figure 2. Distribution of all subjects according to ACE genotypes.

Table 1. ACE genotypes frequency in the studied groups

Control
HD
Total
p-value
Male
Female
p-value

ACE Genotypes
I/D
D/D
N (%)
N (%)
42 (42.0)
54 (54.0)
29 (33.7)
53 (61.6)
71 (38.2) 107 (57.5)
0.511
43 (44.8)
52 (54.2)
28 (31.1)
55 (61.1)
0.023*

I/I
N (%)
4 (4.0)
4 (4.7)
8 (4.3)

Total
N (%)
100 (100.0)
86 (100.0)
186 (100.0)

1 (1.0)
7 (7.8)

96 (100.0)
90 (100.0)

Table 2. The frequency of the ACE allele in all subjects

Allele

D
I

Total

Biomed. Res. Ther. 2018, 5(4):2160-2170

Control
150
75.0%
50
25.0%
200

HD
135
78.5%
37
21.5%
172

Total
285
76.6%
87
23.4%
372
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(iii) Relationship between ACE genotypes in HD patients with dialysis frequency
per week.

Table 3. Relationship between ACE genotypes in HD patients with dialysis frequency per week. (All HD patients
involved in this study were undergoing dialysis two or three times per week)*

ACEGenotype

I/D
D/D
I/I

Total
p-value
D
I

Allele
Total

Twice
N
%
4
30.8
8
61.5
1
7.7
13 15.1
0.842
20 77.0
6
23.0
26

Thrice
N
%
25
34.2
45
61.6
3
4.1
73
84.9
115 78.8
31
21.2
146

(iv) Relationship between ACE genotypes with T2DM, HTN, neuropathy, CVD,
retinopathy, and thrombus in HD patients.

Biomed. Res. Ther. 2018, 5(4):2160-2170
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The data showed that there was no statistically significant relationship between ACE genotypes
and the weekly dialysis frequency in HD patients (p-value > 0.05) Table 3.
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When the relationship between ACE genotypes and T2DM, HTN, neuropathy, CVD, and
retinopathy in HD patients were tested, no statistically significant relationship was clarified, as
shown in Table 4 . D/D genotype was the most frequent genotype in each of the clinical diseases
separately, and this may be due to the increase of D/D genotype frequency in all study subjects.

Table 4. Relationship between ACE

genotypes with T2DM, HTN, CVD, heart thrombosis, neuropathy and

retinopathy in HD patients

T2DM
HTN
CVD
Heart thrombosis
Neuropathy
Retinopathy

Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No

Biomed. Res. Ther. 2018, 5(4):2160-2170

ACE Genotypes
I/D
D/D
N (%)
N (%)
29 (33.7) 53 (61.6)
14 (32.6) 28 (65.1)
15 (34. 9) 25 (58.1)
24 (32.4) 46 (62.2)
5 (41.7)
7 (58.3)
12 (30.8) 26 (66.7)
17 (36.2) 27 (57.4)
19 (31.1) 38 (62.3)
10 (40.0) 15 (60.0)
6 (27.3)
16 (72.7)
23 (35.9) 37 (57.8)
24 (40.7) 32 (54.2)
5 (18.5)
21 (77.8)

I/I
N (%)
4 (4.7)
1 (2.3)
3 (7.0)
4 (5.4)
0 (0.0)
1 (2.6)
3 (6.4)
4 (6.6)
0 (0.0)
0 (0.0)
4 (6.3)
3 (5.1)
1 (3.7)

Total
N (%)
86 (100.0)
43 (100.0)
43 (100.0)
74 (100.0)
12 (100.0)
39 (100.0)
47 (100.0)
61 (100.0)
25 (100.0)
22 (100.0)
64 (100.0)
59 (100.0)
27 (100.0)

p-value

0.548
0.627
0.564
0.356
0.312
0.109
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(v) Distribution of ACE allele frequency in HD patients with T2DM, HTN, CVD,
heart thrombosis, neuropathy, and retinopathy

Table 5. ACE alleles frequency in HD patients with or without T2DM, HTN, and CVD

Allele

D
I

Total

Yes
70
81.4
16
18.6
86

T2DM
No
65
75.6
21
24.4
86

Total
135
78.5
37
21.5
172

HTN
Yes
No
116
19
78.4
79.2
32
5
21.6
20.8
148
24

Total
135
78.8
37
21.2
172

Yes
64
82.0
14
18.0
78

CVD
No
71
75.5
23
24.5
94

Total
135
78.75
37
21.25
172

As the table above shows, D allele was the most frequent allele in T2DM, HTN and CVD
patients who were undergoing dialysis. Also, as shown in the previous table, D allele was
the most frequent allele in heart thrombosis, neuropathy and retinopathy patients who were
undergoing dialysis.

Biomed. Res. Ther. 2018, 5(4):2160-2170
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D allele was the highest frequency in all subjects and also in each clinical condition separately,
as shown in Table 5 and Table 6, and this may be related to the frequency percentage in each
genotype.
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Table 6. ACE allele frequency in HD patients with or without heart thrombosis, neuropathy, and retinopathy

Heart thrombosis

Allele

D
I

Total

Yes
95
77.9
27
22.1
122

No
40
80.0
10
20.0
50

Total
135
79.0
37
21.0
172

Retinopathy

Neuropathy
Yes
38
86.4
6
13.6
44

No
97
75.8
31
24.2
128

Total
135
81.1
37
18.9
172

Yes
88
74.6
30
25.4
118

No
47
87.0
7
13.0
54

Total
135
80.8
37
19.2
172

(vi) Odds Ratio (OR) and 95% Confidence Interval (CI) of ACE genotypes between
HD patients and control group.
A comparison was made to test the relationship between ACE genotypes and HD. The OR, CI
and -value were calculated for each associate, as shown in Table 7. The OR of the D/D genotype
in the HD group was (1.421) times the control population when compared to the I/D genotype,
although this was not statistically significant and was the same as the other genotypes; there was
an increase in the risk, but this increase was not sufficient to make the relationship statistically
significant.

4. Discussion
Chronic kidney disease is distinguished by renal destruction with or without renal function loss,
correlated to the high morbidity and mortality over the continuum from early to advanced stages,
which requires renal replacement therapy. Although the exact cause of CKD is not always known,
any condition or disease that damages blood vessels or other structures in the kidneys can lead
to kidney disease. Diabetes and HTN are the most common causes of CKD that leads to kidney
failure, and they may also accelerate the progression of chronic kidney disease in someone who

Biomed. Res. Ther. 2018, 5(4):2160-2170
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Table 7. OR and 95% CI ACE genotypes between HD patients and control group

Odds Ratio (95% CI)
1.019 (0.242- 4.287)
1.421 (0.775- 2.606)
1.448 (0.335-6.264)
1.368 (0.761-2.459)
1.423 (0.783-2.588)
1.171 (0.284-4.828)

p-value
0.980
0.255
0.619
0.294
0.247
0.827

already has the disease.Despite the numerous techniques that are used to prevent, diagnose
and also treat CKD, it is considered to be a public health disease that requires attention and
monitoring.
The RAAS is considered as one of the most important regulatory systems for cardiovascular
homeostasis. Ang II, which is cleaved from Ang I by ACE, is a vasoconstrictor and growth
stimulator when acting on the Ang II type 1 receptor (AT1). Consequently, ACE inhibitors and
AT1 blockers decrease blood pressure and have beneficial effects in cardiovascular and renal
disease, and the effects of ACE inhibitors on renal hemodynamics vary widely depending on
the pre-existing physiologic and pathologic state of the kidneys.
The results showed that ACE Genotypes frequencies were 57.5% for D/D, 38.2% for I/D and
4.3% for I/I genotype. ACE genotype distribution differs from one population to another or even
from one year to another in the same population. In Palestine, the D/D genotype was the most
frequent genotype as demonstrated by the present study and this result is also similar to other
studies [8,12], as it was shown to be the most frequent genotype in Iraq [13], while the I/D
genotype was the most frequent genotype in Turkey [14] and the UAE [6]. Some countries like
Egypt [15,16] have an inconstant frequency for the genotypes, and this may be related to the
sample size, the population of the study or the techniques used in the determination of ACE gene
polymorphism. However, other countries the distribution of the genotypes is constant, such as
Palestine [12] and Iraq [13], also in this study ACE alleles frequency compared to different studies,
where D allele was more frequent in this study and other studies [6,12–14], whereas the I allele
had the highest frequency in another study [16].
Additionally, the results revealed that the association between ACE genotypes with HD was
not statistically significant and this result is similar to a study conducted in China [17]. Although
the I/D genotypes where the most frequent in [17] and D/D was the most frequent in this study,
both studies did not find a significant association between ACE genotypes and HD. On the other
hand, in a meta-analysis study found that the development of nephropathy is not associated with
the presence of D allele in the Asian and Caucasian populations; only the D/D genotype could be
associated with the development of nephropathy (1.96 of risk) [18], while the results of this study
revealed an increase in nephropathy development risk for D/D genotypes but the relationship is
not statistically significant OR (1.368) and CI (0.761-2.459) for D/D genotype vs. I/D and I/I.
The two main causes of CKD are diabetes and high blood pressure, which are responsible for
up to two-thirds of the cases. One of the most frequent complications of diabetes is nephropathy
which progressively leads to HD. Type 2 diabetic nephropathy (T2DN) is defined as persistent
albuminuria in type 2 diabetic individuals for more than five years with many changes in renal
function such as an increase in renal blood flow, glomerular hyperfiltration, kidney hypertrophy
and increased albumin excretion rate [19].
In this study, there was no statistically significant association between ACE genotypes with
HD in T2DM patients and this is similar to other studies such as in Tunisia [20], but is dissimilar
to other studies conducted in Tunisia [10], Egypt [16] and Iraqi [13], which found an increase
inT2DM risk in D/D genotype individuals.
In terms of the association with HTN, it was not deemed to be statistically significant, and
this result concurs with [8] and [14] but disagrees with Alsafar et al. (2015) [6]. D/D genotype
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ACE genotypes
D/D vs I/I
D/D vs I/D
I/D vs I/I
D/D vs I/D+I/I
D/D +I/I vs I/D
D/D + I/D vs I/I
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was the most frequent genotype in both diabetes and HTN patients, and this genotype is
associated with a 2-fold increase in ACE activity, whereas those with the I/I genotype have the
lowest ACE expression. The physiological importance of this polymorphism is its association
with plasma ACE activity and the increase of ACE levels in the blood which is related to the
D/D genotype and disturbs normal kidney function, as reported in different studies [9,21,22].
Thus, the evaluation of ACE I/D polymorphism may be a beneficial tool to identify patients at
risk and those who may benefit the most from Reno-protective therapy with ACE inhibitors.
Furthermore, it may guide pharmacologic therapy in individual patients and help design clinical
trials in progressive nephropathies. Moreover, it could be helpful for optimizing prevention and
intervention strategies at population levels, as reported in Ruggenenti et al. (2008) [23], also its
reported that characterization of the ACEI/D gene polymorphism has been suggested for decision
making in relation to antihypertensive treatment regimens [24].
In regard to the association of ACE genotypes with CVD or heart thrombosis, it was not
statistically significant, and this is in concordance with Saqer et al. (2016) [12] , but not with
a study conducted in Saudi Arabia study [25], which found an increased CVD risk with ACE
I/D polymorphism. The relationship between ACE genotypes and retinopathy was also not
statistically significant, and this is similar to another study conducted in Iran [26]. In terms of
the relationship between ACE genotypes and neuropathy, there was no statistically significant
relationship, which contradicts a meta-analysis study [27] that clarified the relationship between
neuropathy risk and ACE gene I/D polymorphism. The multifactorial or polygenic nature of these
diseases may explain the inconstancies between this study and previous studies.

5. Conclusions
The findings showed that D/D genotype (57.5%) was the most common in all subjects in the
Gaza Strip. Additionally, the frequency of D allele was (76.6%) in all subjects, and the frequency
of I allele was (23.4%) in all subjects. These findings suggest that there is no direct correlation
between ACE genotypes and HD and T2DM, HTN, CVD, heart thrombosis, neuropathy, while
a partial association could perhaps be explained by the nature of multifactorial or polygenic
diseases. Increased dosage of ACE inhibitors in patients with D/D genotype for ACE gene could
be a more effective treatment option.
The original PCR method [9] has been reported to sometimes miss the extension of I allele,
particularly in heterozygotes. Improved methods, which include a second, nested extension with
an I allele-specific primer, have been designed for this reason. In a future study, the genotypes
should be checked with such a method.
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