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Abstract: Objectives: This study was conducted to determine the association of insertion/deletion (I/D) polymor-
phism of the ACE gene in hypertensive and T2DM subjects in Egyptian population. Background: The deletion (D) 
allele of the angiotensin-converting enzyme (ACE) gene has been studied in relation to hypertension and type 
2 diabetes mellitus (T2DM) with contradictory results which might be due to ethnic and geographical variations. 
Methods: A total of 85 subjects  participated in this study; hypertension (Group 1); type 2 diabetes mellitus 
(Group 2) and controls (Group 3). Written informed consent was obtained. for each subject: age, sex,  diabetes 
duration and the drugs used, blood pressure (systolic and diastolic), and lipid profi le. Genotyping was performed 
by polymerase chain reaction (PCR). 
Results: The frequency of DD genotype was signifi cantly higher in hypertensive (60 %) and diabetic patients 
(68 %) compared to controls (33.3 %) (p=0.04, p=0.01 respectively). The DD genotype (vs DI and II genotype) 
in the hypertensive and diabetic groups is associated with increased risk of hypertension and/or diabetes. 
OR=3.00; 95%, Cl = 0.993–9.067; OR=4.250; 95%, Cl = 1.234–14.63 respectively). The D allele was more 
frequent in hypertensive (77.5 %) and diabetic patients (82 %) compared to controls (52.4 %) (p=0.004 and 
0.002 respectively). The D allele (vs the I allele) is associated with increased risk of hypertension and diabetes 
OR=3.13, 95%Cl=1.405–6.978; OR= 4.14, 95% CI= 1.615–10.622 respectively). 
Conclusion: The DD genotype and the D allele are associated with hypertension and type 2 diabetes in Egyp-
tian patients (Tab. 5, Fig. 1, Ref. 32). Full Text in free PDF www.bmj.sk.
Key words: angiotensin converting enzyme, polymorphism, type 2 diabetes, hypertension.

Hypertension and diabetes are a major public health burden 
worldwide and have been classifi ed as a global epidemic. Evi-
dence from the Egyptian Hypertension Project (20) revealed that 
the prevalence of hypertension in Egypt is among the highest in 
the world; approximately 60 % of individuals above the age of 60 
years suffer from hypertension.  The steady growth in the number 
of elderly patients with hypertension in Egypt means that the coun-
try will face a serious national problem by the year 2020, when 
it can expect to deal with about 18 million elderly hypertensives 
(22, 23). Individuals with type 2 diabetes and hypertension are 
at markedly increased risk of cardiovascular morbidity and in a 
considerable cause of premature mortality, a situation that is likely 
to worsen, particularly in low and middle income countries (29). 

The renin-angiotensin-aldosterone system (RAAS) is an im-
portant system in regulating blood pressure and electrolyte balance. 
Genes encoding components of the RAAS have been proposed as 
candidate genes that determine genetic predisposition to hyperten-
sion, diabetes and the risk of developing cardiovascular complica-
tions. Among the multiple genetic polymorphisms described, and 
possibly playing an active role in the pathogenesis of hypertension 
and cardiovascular disease is the angiotensin-converting enzyme 
(ACE) insertion/deletion (I/D) polymorphism. (24).

The ACE gene is mapped to chromosome 17q23 and is en-
coded by a 21 Kb gene that consists of 26 exons and 25 introns. 
(11). The insertion/deletion (I/D) polymorphism of ACE is char-
acterized by the presence (insertion) or absence (deletion) of a 28 
bp Alu repeat sequence  in intron 16 producing three genotypes 
(II homozygote, ID heterozygote and DD homozygote). Although 
the I/D polymorphism is located in a non-coding region (i.e. in-
tron) of the ACE gene, several investigators have found that the 
D allele is related to increased activity of ACE in serum (30, 31). 
However, previous reports concerning the link between I/D poly-
morphism of ACE gene and hypertension and type 2 diabetes 
revealed contradictory results. Moreover, various reports were 
published suggesting inter-ethnic variations in the frequency of 
allelic forms of the ACE genes. The presence or absence of an ob-
served association in any ethnic, racial or geographic population 
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may be related to a number of other factors including gene-gene 
and gene-environmental interactions (28, 2).

This study was initiated to elucidate the possible association 
between the I/D polymorphism   in hypertensive and diabetic 

Egyptian patients

Subjects and methods

A total of 64 patients were recruited from outpatient clinic 
of Medical Services Unit at National Research Centre and from 
Kasr El Aini hospital, from February 2008 to December 2008. 
The patients were divided into two groups: group1 consisted of 
40 patients with essential hypertension and group 2 consisted of 
24 patients with type 2 diabetes. Twenty-one healthy individuals 
were collected randomly and served as controls. Patients with 
symptoms or signs suggesting secondary causes of hypertension 
or diabetes were excluded from the study. Written informed con-
sent was obtained from all the subjects who participated in this 
study. All patients and controls were subjected to detailed history 
and information was obtained on demographic characteristics and 
medical history of all patients concerning history and duration of 
diabetes, hypertension and medications. Thorough physical ex-
amination was done for all subjects. Controls did not have any 
abnormalities regarding their physical examination, blood pres-
sure, family history of hypertension or diabetes.

Hypertension was defi ned as a mean systolic blood pressure 
(SBP) ≥140 mmHg, mean diastolic blood pressure (DBP) ≥90 
mmHg or taking antihypertensive therapy. Type 2 diabetes was 
diagnosed according to WHO criteria (1).

Laboratory investigations in the form of lipid profi le and fast-
ing blood sugar and determination of ACE gene  I/D polymorphism 
were done for all patients and controls.

Laboratory methods
Sample collection and biochemical analysis

Four to fi ve milliliters of blood samples were collected from 
the peripheral blood leukocytes into EDTA tube (Becton Dick-
inson, NJ, USA) by a qualifi ed phlebotomist. Plasma was sepa-
rated from the blood by centrifugation method and stored at −20 
°C, Plasma samples were analyzed on a Autoanalyser (Hitachi, 
Germany) using kits supplied by Roche Diagnostics (Mannheim, 
Germany) to determine the level of triglycerides (TG), high den-
sity lipoprotein cholesterol (HDL-C) and total cholesterol (TC). 
Low density lipoprotein cholesterol (LDL-C) was calculated by 
Friedewald formula. Lipid profi les were classifi ed under the cat-
egory of The Third Report of the National Cholesterol Education 
Program guidelines.
Genotyping methods; DNA isolation and determination of ACE 
genotypes

Genomic DNA was extracted from peripheral blood using a 
salting-out technique; DNA isolation kit, (Qiagen) (25). The purity 
of extracted DNA was checked. ACE I/D polymorphism was per-
formed by polymerase chain reaction (PCR) using the following 
fl anking primer pair: forward; 5’- CTG GAG ACC ACT CCC ATC 
CTT TCT 3’, reverse 5’-GAT GTG GCC ATC TTC GTC AGAT-3’.  

PCR amplifi cation was performed with a 25 ul reaction mixture 
that contained 0.22 ug genomic DNA, 20 pmol of each primer, 4 
mmol/L each dNTP, 2 mmol/L MgCl2, 1× Taq buffer and 1 unit 
of Taq DNA polymerase. The PCR cycling conditions were car-
ried out on an thermal Cycler with an initial denaturation step of 5 
minutes at 94 °C, followed by 30 cycles of denaturation at 94 °C 
for 30 seconds, annealing at 58 °C for 1 minute and extension at 
72 °C for 2 minutes, followed by a fi nal extension for 5 minutes 
at 72 °C before the storage of the samples at 4 °C. PCR products 
were separated by agarose gel electrophoresis (Promega, Madison, 
USA) performed in Origins electrophoresis. DNA fragments were 
stained in ethidium bromide and visualized under UV light. The 
DNA product was a 190 bp fragment in case of de letion (D allele), 
and a 490 bp fragment in the presence of insertion (I allele). Thus 
the PCR fragments showed three genotypes after electrophoresis: 
a 490 bp band (II), a 190 bp band (DD), and both a 490 and a 190 
bp band (ID)  Fig (1).

Statistical analysis  
Statistical analysis was carried out using SPSS software ver-

sion 10 for Microsoft Windows. Quantitative data were presented 
as mean ±SD and qualitative data as frequency and percentage. 
All tests were two -sided and p ‹ 0.05 was considered statistically 
signifi cant. Difference between group means was tested by the 
student’s t-test and differences in proportions were assessed by 
the chi-square test. Allelic frequencies were calculated by gene 
counting method. Risk estimate was done by odds ratio (OR) with 
95 % confi dence interval (95 % CI)

Results

Baseli ne characteristics
Among 64 patients included in the study, 40 patients had hy-

pertension (group1) and 24 patients had type 2 diabetes (group 2). 
The hypertensive patients were 19 men (47.5 %) and 21 women 
(52.5%), their mean age: 57.1±8.9 years. The diabetic patients were 
12 (50%) men and 12 (50%) women, their mean age:  49.39±12.78 
years. The controls (group3) consisted of 21 healthy individu-
als, 11 (52.38 %) men and 10 (47.61 %) women, their mean age: 

Fig. 1. Detection of I/D polymorphism of ACE gene in 2 % agarose 
gel electrophoresis: Lanes 1, 2, 3, 7, 8 and 9 show homozygous DD 
genotype; lane 4, homozygous II genotype; lanes 5 and 6 show het-
erozygous ID genotype of I/D polymorphism. M represents a Φ 174 
bp DNA ladder.
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46.4±14.3 years. Serum triglycerides were higher in diabetic and 
hypertensive patients compared to controls (p=0.002, p=0.02 re-
spectively) and total cholesterol was signifi cantly higher in diabetic 
patients compared to controls) p=0.003). The baseline characteris-
tics of all the subjects enrolled in this study are shown in Table 1.

Genotyping results
Genotype distribution in hypertensive, diabetic patients and 

controls are presented in Table 2 and 3. The frequency of DD geno-
type was signifi cantly higher in hypertensive (60 %) and diabetic 
patients (68 %) compared to controls (33.3 %).

The DD genotype vs II genotype in the hypertensive and 
diabetic groups is associated with increased risk of hypertension 

and/or diabetes (OR=3; 95% CI=0.993–9.067,  OR=4.25; 95 % 
CI=1.23–14.63).

Table 4 and 5 show the allele frequency in hypertensive pa-
tients, diabetic patients and controls. The D allele was more fre-
quent in hypertensive and diabetic patients compared to controls 
and the I allele is more frequent in controls than in patients with 
diabetes or hypertension. 

The D allele vs the I allele is associated with increased risk of 
hypertension and diabetes (OR: 3.139; 95 % CI: 0.1405–6.97 and 
OR=4.14; 95 % CI=1.615–10.62 respectively)                                           

There was no signifi cant difference in genotype distribution 
or in allele frequency between hypertensive and diabetic patients. 
Considering the effect of gender on ACE genotype; no signifi cant 
difference was found between males and females.

Discussion

The renin-angiotensin-aldosterone system (RAAS) is an im-
portant system in regulating blood pressure and electrolyte bal-
ance. RAAS gene polymorphisms have been extensively studied to 
determine the genetic susceptibility to hypertension. It also plays 
an important role in the pathogenesis of type 2 diabetes as RAAS 
blockade reduces insulin resistance. (21). An increased plasma and 
serum ACE level is genetically determined by I/D polymorphism 
of the ACE gene. The DD genotype is associated with higher ACE 
expression and activity and therefore might predispose individuals 
to hypertension and/or type 2 DM and their complications (31). In 
this study, we found that DD genotype and the D allele of the ACE 
gene were strongly associated with hypertension and type 2 diabe-
tes compared to healthy individuals, and they confer increased risk 
of hypertension and type 2 diabetes. Studies of the association be-
tween DD genotype and hypertension and type 2 diabetes showed 
confl icting results. Hsieh and colleagues and Feng and colleagues 
(2002) showed signifi cant positive associations between ACE DD 
genotypes and presence of type 2 DM. Two recent studies, one 
conducted in Iranian patients and the other in Malysian patients 
showed increase frequency of DD genotype as well as D allele in 
diabetic and in hypertensive patients in comparison to the control 
group (26). On the other hand, several studies failed to reveal such 
correlation such as the study of Bhavani and colleagues (2005) 
who did not found a positive correlation between the DD genotype 
of ACE gene polymorphism and hypertension. Study on Turkish 
population found no signifi cant association between ACE gene 
polymorphism and hypertension in diabetics (17). In Tunisian type 

Parameters   Hypertensives (n=40) diabetics (n=24) controls(n=21)
Sex (male,female) 19,21 12,12     11,10
Age,years (mean ±SD) 57.1 ±  8.9 49.39 ± 12.78 46.4±  14.3
SBP, mmHg   (mean ±SD)   164.97±23.12 131.56±12.08 126.14±8.77
DBP, mmHg  (mean ±SD) 99.18±11.65  82.6±8.77 78±7.17
TC, mg/dl (mean±SD) 185 ± 43.61 206.64 ± 60.18* 158.55± 53.20   
TG,mg/dl  (mean ±SD) 152.66± 66.61*  178.16± 109.32*     99± 51.22
LDL-C, mg/dl (mean ±SD) 124.5 ± 132.10± .46.41     109.71± 34.56
HDL-C,mg/dl (mean ±SD) 46.66±  14.43  38.84±8.00  40.93±17.95
TC: total cholesterol, TG: triglycerides, LDL: low density lipoprotein, HDL: high density lipoprotein, *: signifi cant difference with controls

Tab. 1. Demographic, clinical and laboratory data of all subjects.

ACE genotype Hypertensives
(n=40)  

Controls
(n=21)

P value

DD n (%) 24 (60) 7 (33.3)      0.048*
DI n (%) 14 (35) 8 (38.1)  0.81
II n (%) 2 (8.3) 6 (28.6)       0.07
*p is signifi cant

Tab. 2. Genotype distribution in hypertensive patients and control 
group.

ACE genotype Diabetics
(n=25)  

Controls
(n=21)

P value

DD n (%) 17 (68) 7 (33.3)      0.019*
DI n (%) 7 (28) 8 (38.1)  0.467
II n (%) 1 (4) 6 (28.6)       0.021
*p is signifi cant

Tab. 3. Genotype distribution in diabetic patients and control groups.

ACE allele Hypertensive  
(n=40)  

Controls 
(n=21)

P value

D n (%)  62 (77.5) 22 (52.4)  0.004*
I n (%) 18 (22.5) 20 (47.6)  0.004*
*p is signifi cant

Tab. 4. Allele frequency in hypertensive patients and controls.

Tab. 5. Allele frequency in diabetic patients and controls.

ACE allele  Diabetic  
(n=25)

Controls
 (n=21)

P value

D n (%) 41 (82) 22 (52.4) 0.002*
I n (%) 9 (18) 20 (47.6) 0.002*
*p is signifi cant
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2 diabetic patients there was no signifi cant statistical difference 
between the genotype distribution and allele frequencies  of the 
( I/D ) polymorphism (2) and the  study carried out by Grammer 
and colleagues (2006) in large number of Caucasian population 
, showed that the genotypes ACE II ,ID, DD occurred at similar 
frequencies in patients with type 2 diabetes mellitus compared to 
non-diabetic individuals. The observed controversies may be due 
to ethnic and geographic differences. A study comparing  Cau-
casians and Afro-Caribbeans showed that DD polymorphism is 
associated with essential hypertension in Afro-Caribbean but not 
in European descent (4).

The ACE D allele is associated with higher serum ACE levels 
and increased conversion of angiotensin I to angiotensin II in white 
populations (32). Previous studies suggest that ethnicity modulates 
the relationship between the ACE I/D genotype and serum ACE 
activity. For example, Bloem and colleagues (1996) confi rmed the 
relationship between the number of ACE D alleles and increasing 
serum ACE activity in whites but found no correlation between the 
ACE I/D genotype and serum ACE in blacks. In contrast, Forrester 
and colleagues 1997 reported a relationship between the ACE I/D 
polymorphism and serum ACE in individuals of African descent, 
similar to that previously reported in whites. However, in our study 
we did not assess the ACE levels.   

The increased risk of diabetes with the D/D genotype may be 
explained by the previous report that low ACE activity increased 
insulin stimulated hexone transport in adipocytes, and insulin 
suppression of non esterifi ed fatty-acid fl ux (18).  Higher ACE 
decreases glucose utilization in skeletal muscles during exercise, 
and ACE inhibitors increase insulin sensitivity, glucose transporter 
GLUT-4 synthase activity and hexokinase activity (10). As a result 
of these fi ndings, high ACE activity, namely the ACE DD geno-
type, seems to increase the risk of impaired glucose metabolism 
or diabetes mel litus (DM). Also previous studies have shown that 
ACE inhibitors may improve glucose utilization and suppress he-
patic glucose production (27, 3). The angiotensin converting  en-
zyme catalyses the conversion of angiotensin-I to the angiotensin 
 II and it also inactivates bradykinin, a potent vasodilator (21). 
Angiotensin is a proinfl ammatory and pro-oxidant, thus causing 
cellular toxicity and apoptosis and studies have demonstrated that 
chronic low grade systemic infl ammation can predict the future 
risk of impaired glucose tolerance and type-2 diabetes mellitus (8).

The D/D genotype is not only a risk factor for hypertension and 
diabetes but it is also associated with their complications. Recent 
study reported that D allele may increase the risk of cardiovascular 
disease by facilitating the development of left ventricular hyper-
tension, microalbuminuria and low HDL cholesterol, especially 
among men (7).  Dell’omo and colleagues, 2006  found that the D 
allele in hypertensive patients poses a higher risk for microalbu-
minuria and treatment with ACE inhibitors produces a greater re-
duction in microalbuminuria in hypertensive patients homozygous 
for the I allele. Several studies reported the association between 
the D/D genotype and diabetic nephropathy (30, 15). Fava and col-
leagues 2001 reported that the DD genotype of the ACE polymor-
phism predicts a poorer outcome in type 2 diabetic patients with 
nephropathy and is also associated with a higher mortality rate. 

Although our study sample was relatively small as compared 
with other epidemiological and association studies, the result of 
this study supports the hypothesis that the DD genotype has a 
strong association with HTN and type 2 diabetes and that ACE 
polymorphism plays an important role in the pathogenesis of these 
diseases. However, further studies with larger sample size are nec-
essary to confi rm the association of the I/D polymorphism of the 
ACE gene and further investigation is needed to understand the 
possible role of other polymorphisms of RAAS genes in relation 
to essential HTN and type 2 diabetes in Egyptians.
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