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 ACE and the components of the renin-angiotensin system are expressed in adipose 

tissue. Angiotensin converting enzyme (ACE) catalyzes the conversion of angiotensin I 
to angiotensin II which inhibits adipocyte differentiation. This study was done to assess 

the relationship between angiotensin converting enzyme gene (ACE) insertion/deletion 

polymorphism and the plasma level of circulating ACE enzyme with obesity among 
native Saudi population lived in Al Madinah province. The study included 295 

individuals, 150 obese and 145 non-obese control individuals. All studied individuals 

underwent clinical investigations including BMI, SBP, DBP. Also creatinin and ACE 
(ELISA) measurement in blood were done. Genotyping was done using PCR-RFLP 

method for identification of I/D polymorphism of ACE gene. There was a significant 

difference in distribution of I/D genotype between obese and control groups, as 80 
(53%) had DD, 30(20%) had ID and 40(26.7%) had II genotype. While among control 

group, DD genotype was present in 33(22%), 34(23.4%) had ID and 78(53.8%) had II 

genotype. there was significant association between D allele and obesity when 
compared to I allele. The risk was higher for DD genotype carriers in comparison to 

other genotypes. Serum ACE levels were significantly higher in obese persons 

compared with healthy controls (p<0.05). Mean serum levels of ACE were significantly 
higher among obese individuals with DD genotype as compared with other genotypes 

(p<0.05). There was an association of DD genotype and D allele of ACE gene with 

obesity in a Saudi population from Al Madinah region. ACE enzyme level was high 
among Saudi obese individuals who carry DD genotype in Al Madinah.                
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INTRODUCTION 

 

 Obesity is a global health problem which is characterized by genetic susceptibility of increased storage and 

irregular distribution of body fat
 
that cause an increase of the body mass index (BMI) and disproportion of body 

composition (Mitchell et al., 2011; Blakemor and Froguel,2008). 

 Obesity is associated with high incidence of cardiovascular diseases; diabetes mellitus type II, specific 

types of cancer and respiratory complications that causes higher rates of mortality and morbidity
 
(Das,2010). 

Obesity leads to bad quality of life and decreases the life expectancy of obese individuals even without 

complications
 
(Dixon,2011). Lifestyle modifications, changes in diet, physical activity and exercise currently 

continues to be the best option for the treatment of obesity
 
(Mitchell et al., 2011). 

 ACE, the gene encoding Angiotensin Converting Enzyme is placed on chromosome 17 (17q23,3) consists 

of 26 exons and 25 introns and is 21Kilo base (Kb) long. The insertion/ deletion (I/D) polymorphism in the ACE 

gene refers to an Alu repetitive sequence 287 bp long, in intron 16 on chromosome 17, resulting in three 

different ACE genotypes: D/D and I/I homozygotes and I/D heterozygotes (Rigat et al.,1992). Genetic 

association studies between ACE polymorphisms and obesity have generated diverse results among different 
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populations (Bell et al., 2007; Yang et al., 2013; Toniutto et al.,2005; Zhou et al., 2012). The contribution of 

ACE I/D gene polymorphism to the onset and severity of obesity is still unclear. 

 Saudi Arabia is one of the growing economies in the world that has pronounced changes in the lifestyle and 

eating habits with a gradual decline in the physical activity (Al-Nozha et al.,2005; Fatima et al., 2014). 

Consequently, obesity is increasing in the Kingdom at an alarming rate. Based on the National Nutrition Survey 

of 2007
 
(Al-Othaimeen et al., 2007) and the Coronary Artery Disease in Saudis Study (CADISS) of 2005

 
(Al-

Nozha et al., 2005) estimated an overall obesity prevalence of 35.5% in the Kingdom: in other words one in 

every three people in the country is obese. Al Madinah province is a tribal region in the west of the kingdom 

with high rate of consanguinity and familial diseases. 

 The aim of this study was to assess the relationship between angiotensin converting enzyme gene (ACE) 

insertion/deletion polymorphism and the plasma level of circulating ACE with obesity among native Saudi 

population lived in Al Madinah province. 

 

MATERIALS AND METHODS 

 

 Subjects had been selected from Taibah University employees, Center of Genetics and Inherited Disease 

CGID, and Rehabilitation Centre clinics in Al Madinah. All selected individuals were native Saudi ( up to the 

third grandfather), voluntarily agreed, willing and able to give informed consent. Both genders were included 

and aged more than 18 years and all subjects were weight stable for the last three months. Subjects with severe 

psychiatric illness, chronic diseases (type 2 diabetes mellitus, kidney diseases, liver diseases, cardiovascular 

diseases and malignant diseases) and pregnant females were excluded. The selected individuals were classified 

according to BMI into two groups; obese group (150 individuals with Body mass index (BMI) ≥30kg/m
2
) and 

control group (145 normal subjects with (BMI) 18.5-25kg/m
2
). Both groups were age and sex matched. All 

selected individuals have been subjected to the following; a comprehensive questionnaire, complete medical 

history and full clinical assessment. For all subjects, weight and height were measured and the BMI was 

calculated as weight (kilograms) divided by height squared (square meters). According to the WHO Expert 

Committee, 2000: normal BMI = 18.5–24.99 kg/m2; overweight BMI = 25.00– 29.99 kg/m2; obesity BMI ≥ 

30.00 kg/m2. Plasma ACE concentration was measured using a commercially available Elisa Kit. This assay 

uses the quantitative sandwich enzyme immunoassay technique with a commercially available kit supplied by R 

& D (USA) using a specific monoclonal antibody specific for ACE. Serum creatinine was measured by a 

colorimetric method. ACE polymorphism analysis by PCR- REFLP was done. 

 

2.1 Sampling:  

 Peripheral blood samples has been taken under complete aseptic conditions with sterile disposable syringes, 

2ml blood in plain tubes, 3 ml will be collected in EDTA tubes. 

 

2.2DNA extraction and Genotyping of ACE gene I/D polymorphism:  

 DNA extraction was done by QIA Amp ® DNA Blood Mini kits (QIAGEN Hilden, Germany).The 

amplification reaction was done in 25 µl final volume (10 µl DNA template + 15 µl master mix containing 2.5 

µl 10x PCR buffer, 1.5 µl MgCl 25 µM, 0.5 µl dNTPs 10 µM, 0.5 µl Taq polymerase 5U/ µl. 1.0 µl forward 

primer 50 µM   {F 5' CTGGAGACCACTCCCATCCTTTCT 3'}, 1.0 µl reverse primer 50 µM    {R 5' 

GATGTGGCCATCACATTCGTCAGAT 3'} and 8 µl distilled water. 

 PCR amplification was done using Perkin Elmer thermal cycler 2400 (USA). PCR conditions were as 

follow: 96 
0 
C for 5 min, then 35 cycles were as follow 94

0 
C for 30 seconds, 58 

0 
C for 30 seconds and 72 

0 
C for 

1 min. Then a final extension step of 72 
0 
C for 5 min.  

 Amplified DNA was digested with Hind III restriction enzyme at 37 
0
C for 16 hours (2 µl 10x buffer, 1.0 µl 

BgI II, 7 µl DW and 10 µl PCR product). Recognition Sites for Hind III are 5'... A▼AGCTT... 3', 3'... 

TTCGA▲A... 5' 

  The Hind III digestive products were separated by electrophoresis on 3% agarose gel stained with ethidium 

bromide for 30 min. The bands were visualized under ultraviolet light. Digested PCR products yielded visible 

fragments of 490 bp for I allele and 190 bp for D allele. So, single bands of 190 and 490 bp confirmed 

homozygous DD and II genotypic state respectively, whereas two bands of 190 and 490 bp confirmed 

heterozygous ID genotype 

 

3.Statistics: 

 Data were analyzed using the statistical Package of Social Science (SPSS) V 13. Unpaired student’s t test 

was used to compare the mean age between the groups. The genotype frequency and allele frequency were 

determined by direct counting in obese and controls. The differences in genotype distributions of the 

polymorphism between obese and control groups were analyzed using a chi-square contingency table analysis or 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Al-Othaimeen%20AI%5BAuthor%5D&cauthor=true&cauthor_uid=17684864
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Fisher exact test as appropriate. P value of < 0.05 was considered as statistically significant. All genotyping data 

was checked for any deviation from Hardy-Weinberg equilibrium (HWE) by a chi-square. 

 

4.Results: 

 Table 1 shows the characteristics of the studied obese and control groups with no statistical significant 

differences between studied groups as regard age, sex, SBP , DBP or serum creatinine. Regarding BMI, there 

was a significant difference between both groups (P <0.001).  

 Table 2 shows a statistical significant difference in distribution of I/D genotypes between obese and control 

groups. DD genotype frequency in obese individuals was 80/53%, ID genotype was 40/26.7% and I/D genotype 

was 30/20%. In control group genotype frequencies were 33/22.8,78/53.8% and 4/21.7% respectively. There 

were significant difference between DD and II genotypes between obese and control groups (P˂0.001). While 

there was no statistical difference in I/D genotype between both (P=0.473). D allele frequency was significantly 

higher with obesity when compared to I allele. (P˂0.001).  

 
Table 1: Clinical characteristics of studied groups. 

Characteristics Obese group Control group P-value 

Sex (Male/ Female) 70/80 72/73 0.608 

Age (years) 24.85±3.93 24.87±4.01 0.962 

BMI (kg/m2) 35.34±4.90 21.01±1.20 <0.001 

SBP(mmHg) 101±25 98±22 0.954 

DBP(mmHg) 86±13 87±12 0.874 

plasma creatinine(mg/dl) 0.7±0.4 0.6±0.5 0.783 

BMI=Body mass index, SBP=Systolic blood pressure, DBP=Diastolic blood pressure.  

 
Table 2: Genotype and allele frequency of I/D polymorphism in obese and control groups.  

Genotype & Allele 

Obese Control Total   

N % N % N % 
X2 

 
P-value 

DD 80 53.3 33 22.8 113 38.3 29.165 <0.001 

ID 30 20.0 34 23.4 64 21.7 0.516 0.473 

II 40 26.7 78 53.8 118 40.0 22.605 <0.001 

D 190 65.5 100 34.5 290 100 55.862 <0.001 

I 110 36.7 190 63.3 300 100 42.667 <0.001 

 

 Figure (1) illustrates genotype and allele frequency of I/D polymorphism in obese and control group. The 

highest frequency was present in obese DD genotype and D allele carriers.  

 

 
 

Fig. 1: Genotype and allele frequency of I/D polymorphism in obese and control group. 

 

 Table 3 shows that there was a statistically significant difference between obese in comparison to healthy 

controls regarding plasma level of ACE enzyme (p<0.001).  

 
Table 3: The relation between ACE enzyme level between obese and control groups. 

Studied group No. 
ACE enzyme level 

(mean±SD) 
P-value 

Obese 150 20.14 ± 7.64 
<0.001 

Control 145 17.32 ± 5.43 

 

 Figure (2) represents plasma ACE enzyme level was higher in obese than control group.                                                                 
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Fig. 2: ACE enzyme level in obese and control groups. 

 

 Table 4 shows the association between plasma level of ACE enzyme and ACE I/D genotypes. There was 

significant difference in DD and II genotypes in obese than control group (p<0.05) and no statistically 

significant difference between obese and control regarding ACE enzyme level in II genotype carriers (P˃0.05). 

ACE enzyme level was higher in D allele obese carriers compared to non obese (P=0.001). While there was no 

statistical difference in ACE enzyme level in I allele carriers between both groups (P˃0.05). This means that 

ACE enzyme level was higher in obese than control and obese individuals who are DD genotype carriers have 

the highest enzyme level than other genotypes.  

 
Table 4: The relation of ACE enzyme level and different polymorphic genotypes between obese and control. 

Genotype&allele Obese Control 
 

P-value 

DD 22.1±7.4 19.8±5.0 0.002 

ID 20.0±6.3 17.8±6.2 0.047 

II 16.4±4.8 16.1±4.9 0.078 

D 20.0±6.3 17.8±6.2 0.001 

I 16.7±6.3 16.3±5.2 0.089 

 

 In table 5 Receiver operating characteristic (ROC) curve analysis for ACE enzyme level between obese and 

control showed the optimum ACE level cut-off point for obesity was 14 µg/L, sensitivity: 42.8%, specificity: 

72.7%, PPV 60.2%, NPV 56.8%, accuracy 60%, and AUC=60 which was illustrated in Figure (3).  

 
Table 5: Accuracy of ACE enzyme between obese and control. 

ROC curve between obese cases and control as regard ACE enzyme 

Cut off Sensitivity Specificity PPV NPV AUC Accuracy 

≤14 42.8 72.7 60.2 56.8 60.0 60% 

 

 
 

Fig. 3: ROC curve for ACE enzyme level between obese and control. 

 

5 Discussion: 

 Obesity is one of the complex traits that are caused by the interaction between genetic and environmental 

factors (Chan and Woo 2010). In Saudi Arabia it was noticed that there is a rapid increase in obesity prevalence 

among Saudi population with the change in the life style and eating habits (Alam,2008; Amin et al., 2008). 

 In the present study we analyzed plasma level of ACE enzyme, genotype and allele frequency of I/D 

polymorphism of ACE gene in obese native Saudi individuals to clarify the role of selected polymorphism and 

the incidence of obesity. 
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  There was a significant difference in the distribution of I/D genotypes between obese and control groups. 

We detected a significant association between D allele and obesity when compared to I allele (P˂0.05). The risk 

of obesity in the studied group was higher for DD genotype carriers in comparison to other genotypes.                              

These results were in agreement with EL-Hazmi and Warsy (2003) who reported a high frequency of DD 

genotype and D allele among obese Saudi individuals in Riyadh region than non obese ones.  

 Among Tunisian population Mehri et al. (2012) reported that there was an association between the increase 

of body mass index and obesity with DD genotype in Tunisian population. Several studies from different 

populations reported that I/D polymorphism of ACE gene may be associated with weight gain and increased 

BMI (Kramer et al., 2005; Akin et al., 2010; Fiatal et al., 2011) 

 On the other hand, Settin et al (2009) studied I/D polymorphism of ACE gene between obese and non obese 

Saudi individuals in Qassim region. And they found that there was no significant difference between both 

groups. Kim et al (2009) reported that there was an association of the DD genotype of ACE I/D polymorphism 

with hypertension but not with obesity among Korean women. 
 

 In our study; we observed that there was an association between ACE enzyme level and ACE I/D 

genotypes. There was statistically significant difference in ACE level among DD and II genotypes carriers in 

obese compared to control (p<0.05) but no statistically significant difference in I/D genotype carriers of both 

groups (P˃0.05). ACE enzyme level was higher in D allele obese carriers compared to non-obese (p=0.001). 

While there was no statistical difference in ACE enzyme level in I allele carriers between both groups (P˃0.05).  

 It has been reported that the polymorphic variant of ACE gene which is composed of an insertion (I) or a 

deletion (D) of a 287 base pair insert in intron 16 has been identified to be associated with altered concentrations 

of ACE. The DD genotype is associated with the highest serum levels of the enzyme, the ID genotype with the 

intermediate levels and the II genotype with the lowest levels (Yigit
 
et al.,2012; Bernstein et al., 2012). 

 It has been speculated that ACE and the components of the RAS are expressed in the white adipose tissue 

which may contributes to adipocyte growth and metabolism therefore might be associated with obesity. 

Increased activity of RAS allows ectopic storage of lipids with lipotoxicity. The produced Angiotensin II 

increases the activity of several enzymes that promote lipogenesis with adipocyte hypertrophy (Boustany   et al., 

2004; Annette et al., 2010; Zhou
 
et al., 2012). 

 Wacker et al (2008) suggested that the ACE I/D polymorphism may be differentially associated with 

obesity depending on other factors such as gender. However, Cooper et al (1997) reported that I/D 

polymorphism of the ACE gene was associated with variation in the levels of ACE, but inconsistently with 

BMI, they suggested that obesity may alter the levels of ACE and angiotensinogen, and provide a potential 

pathway through which obesity leads to elevation of blood pressure. 

 The controversy in results between different studies which investigated the correlation between ACE 

polymorphism and obesity might be explained by gender and ethnic background, variable study designs, sample 

size and gene-gene interactions between ACE gene with other genes and gene variants that may affect the 

results (Passaro et al., 2011; Zhou
 
et al., 2012). 

 In a meta-analysis study conducted by Mao and Huang (2013) reviewing the association between I/D 

polymorphism in ACE gene and the risk of overweight/obesity, fourteen case control studies including 3371 

cases and 4490 controls were recruited for the analysis of the association between ACE I/D gene polymorphism 

and overweight/obesity susceptibility. They reported a significant association between DD genotype and 

overweight/obesity risk in overall populations. They concluded that the D allele was associated with the risk of 

overweight/ obesity.
 

 In conclusion, I/D and DD genotypes of ACE had significantly higher BMI compared to II genotype. In 

summary, our results support the evidence that I/D polymorphism of ACE gene plays an important role in the 

development of obesity in native Saudi population from Al Madinah province. The I/D polymorphism of ACE 

gene could be used as marker for the susceptibility to uncomplicated obesity, which might be helpful in genetic 

counseling of concerned families and help to avoid other environmental risk factors. We recommend larger 

studies in different populations to clarify the associations of I/D polymorphism of ACE with obesity with focus 

on gene–environment as well as gene-gene interaction analyses. 
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