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Screening of Obese Offspring of First-Cousin 
Consanguineous Subjects for the Angiotensin-Converting 
Enzyme Gene with a 287-bp Alu Sequence
Amal F Alshammary, Imran Ali Khan*
Department of Clinical Laboratory Sciences, College of Applied Medical Sciences, King Saud University, Riyadh, Saudi Arabia

Background: Consanguinity, defined as a blood relation between couples, is associated with genetic diseases 
in their offspring. In Saudi Arabia, obesity is considered a major health problem associated with increased risks 
of cardiovascular disease, insulin resistance, and type 2 diabetes mellitus. Angiotensin-converting enzyme (ACE) 
with insertion (I) and deletion (D) polymorphisms of an Alu-287 bp sequence has been implicated in multiple 
metabolic disorders, including obesity. To date, no studies have been conducted in the Saudi population regard-
ing the ACE gene in consanguineous offspring with obesity. Therefore, the present study aimed to investigate 
genetic associations in offspring of first cousins, and specifically the relationship between obesity and ACE (Alu-
287 bp) was evaluated in the Saudi population.
Methods: In total, 91 cases of obesity in the offspring of first-cousin couples and 100 control subjects without 
obesity but with a family history of consanguinity were included. Using genomic DNA, ACE ID polymorphisms 
between the cases and controls were evaluated by polymerase chain reaction. 
Results: There were strong differences in the height, weight, and body mass index between the cases and con-
trols (P<0.001). A genotype analysis confirmed the strong association with allele frequencies (P<0.001; odds 
ratio, 4.902; 95% confidence interval, 2.867–8.379) when compared between the cases and controls. One-way 
analysis of variance showed a positive correlation with height and logistic regression (covariance) that could not 
be strongly correlated (P>0.05).
Conclusion: In conclusion, the ACE gene polymorphism was found, through allele frequencies, to be associat-
ed with obesity in the offspring of consanguineous first cousins in the Saudi population.
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INTRODUCTION

Clinical genetics defines consanguineous marriages as the union 
between blood-related couples, e.g., first cousins, double first cous-
ins, second cousins, or even more closely related individuals, lead-
ing to a coefficient of inbreeding (F) in their progeny of > 0.01.1 
Consanguineous marriages, also termed consanguineous unions, 
refer to weddings between two individuals with at least one trace-

able common ancestor, and their offspring are considered offspring 
of consanguineous couples.2 First cousins are the most frequent 
cases; accounting for 10.4% of consanguineous couples worldwide.3 
In medical genetics, the effects of consanguinity and inbreeding on 
human health are major focuses of research.4 Consanguineous mar-
riages account for ~20% of marriages worldwide (i.e., ~1.2 billion), 
but that prevalence varies according to ethnicity, religion, and cul-
ture, with rates of 0.5% in Europe, 0.2% in the United States, and 
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67.6% in the Middle East.5 In the offspring of consanguineous cou-
ples, autozygosity mapping is used to identify causal mutations in 
autosomal recessive disorders.6 These analyses have indicated that 
children of first consanguineous cousins have an elevated risk for 
genetic disorders and congenital anomalies compared with children 
in the normal population.7 Recessive genes do not result in the ex-
pression of genetic diseases owing to low visibility relative to domi-
nant genes. However, the inheritance of two identical copies of 
similar sporadic recessive gene variants results in the expression of 
genetic diseases.8

Genome-wide association studies, meta-analyses, single nucleo-
tide polymorphisms, exome sequencing, next-generation sequenc-
ing, and cohort studies have identified multiple variants in com-
plex and multifactorial human diseases. Angiotensin-converting 
enzyme (ACE; Online Mendelian Inheritance in Man [OMIM]: 
106180) has been studied in many human diseases.9 The relation-
ship between obesity and the insertion (I) and deletion (D) poly-
morphisms in the ACE gene is expressed in adipose tissues.10 The 
leptin melanocortin pathway is related to the association between 
consanguinity and obesity (OMIM: 601665),11 a multifactorial dis-
ease characterized by excess body fat, a reduced life expectancy, and 
increased health complications.12 Obesity is becoming a global epi-
demic among the heritable human traits.13 Body mass index (BMI) 
is a commonly used quantitative measure of adiposity. According 
to the International Obesity Task Force, overweight is defined as a 
BMI exceeding the 85th percentile, and obesity refers to a BMI ex-
ceeding the 95th percentile.14 In Saudi Arabia, childhood and adult-
hood obesity have become major health concerns, with incidences 
of 44% in females and 28% in males.15 Kasim et al.16 concluded that 
genetic polymorphisms are associated with overweight and obese 
conditions. The renin angiotensin system (RAS) also contributes 
to the pathophysiology of obesity.17 Initial studies in the 1990s by 
Rigat et al.18 confirmed that a 287-bp insertion (an Alu repetitive 
sequence) in ACE is strongly associated with circulatory enzyme 
levels. Subjects with the DD genotype, where D indicates a dele-
tion, had ACE plasma levels that were about twice the levels in sub-
jects with a different genotype.18 Accordingly, the ACE (I) and (D) 
polymorphisms are associated with plasma ACE levels. The ACE 
gene has been mapped to chromosome 17q23; it is 21 kb and in-
cludes 26 exons and 25 introns.19 ACE is the first genetic variant as-

sociated with human physical performance with a strong linkage 
disequilibrium with other genetic factors. ACE plays a major role in 
the RAS cascade through the conversion of angiotensin I to angio-
tensin II.20 However, limited genetic studies of consanguinity, obe-
sity, and genetic polymorphism have focused on the Saudi Arabia 
population. In this study, ACE gene polymorphisms were evaluated 
owing to their importance in a wide range of human diseases. The 
aim of the current study was to investigate ACE polymorphisms in 
offspring of first cousins with obesity in the Saudi population.

METHODS

Recruitment of clinical and non-clinical samples
This case-control study was performed at the College of Applied 

Medical Sciences (CAMS), King Saud University (KSU), in the 
capital city of Saudi Arabia. The study protocol was approved by 
the Ethics Committee of CAMS-KSU, with the approval number 
01/1435-1436, and signed informed consent was obtained from all 
participants. The STROBE statement (guidelines for reporting ob-
servational studies in epidemiology, accessible via the EQUATOR 
network and used to improve the consistency and transparency of 
health research) was implemented throughout the design, review, 
interpretation, planning, and revisions of the study. In total, 91 sali-
va samples from the obese offspring of first cousins were collected 
from various locations in Riyadh, such as the Sahara Mall, Saudi 
boys’ school, King Khalid University Hospitals, and KSU Medical 
College. Blood samples from 100 control subjects were obtained 
from the KSU premises. The inclusion criterion for the cases was 
offspring of first cousins with obesity, as defined by the World 
Health Organization.21 The exclusion criteria were non-obese first 
cousin offspring, first cousin siblings, non-offspring of first cousins, 
and offspring of second cousins. Controls were mainly non-obese 
subjects (BMI < 25 kg/m2) without any metabolic, renal, or com-
plex disorders, and whose parents did not belong to a similar family 
pedigree, i.e., parents were not involved in any degree of consan-
guineous marriages.

Nucleotide analysis
Using ethylenediaminetetraacetic acid (EDTA) vacutainers, 2 mL 

of whole blood leukocytes was collected from all control subjects. 
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Statistical analysis
Clinical data are presented as mean ± standard deviation. Pear-

son chi-square experiments evaluated the Hardy-Weinberg Equi-
librium (HWE) for ACE. Genotype and allele frequencies were de-
termined from Fisher’s exact tests with odds ratios (ORs), 95% 
confidence intervals (CIs), and P-values. One-way analysis of vari-
ance (ANOVA) and multinomial logistic regression using IBM 
SPSS version 25.0 (IBM Corp., Armonk, NY, USA) was performed. 
From an R program, scatter plots and box plots were generated 
(Figs. 2, 3 and Supplementary Figs. 1, 2). All statistical studies were 
carried out using various software applications, including SPSS, 
OpenEpi, and R. A P-value of < 0.05 indicated statistical relevance.

RESULTS

Descriptive analysis 
The anthropometric characteristics of the cases and controls are 

documented in Table 1. Obesity cases (mean age, 29.4± 12.45 years) 

For the cases, 1–2 mL samples of saliva were collected using Ora-
gene DNA Collection Tubes (Norgen Biotek, Thorold, ON, Cana-
da). The saliva tubes were stored at room temperature. The Prep-
IT-L2P Kit (Norgen Biotek) was used to extract genomic DNA 
from the saliva, and the Norgen DNA Extraction Kit was used for 
extraction from blood. EDTA samples were separated as per the 
protocol provided by the company. Then, 100 µL of Tris EDTA  
buffer was added to each sample, and the NanoDrop was used to 
evaluate DNA purity at 260/280 nm (NanoDrop 2000 Spectro-
photometer; Thermo Scientific, Waltham, MA, USA). ACE 
(rs4646994) genotyping was performed using primers.20 Thermal 
polymerase chain reaction (PCR) was performed using the specific 
primers. The oligonucleotide sequences were designed to flank the 
targeted region of the genome at intron 16 of ACE. PCR was per-
formed using 25-µL reaction volumes and the following condi-
tions: 95°C for 5 minutes; 35 cycles of 95°C for 30 seconds, 60°C 
for 30 seconds, and 72°C for 45 seconds; and a final extension at 
72°C for 5 minutes. Ethidium bromide-stained 3% agarose gel elec-
trophoresis was used to evaluate the insertion (490 bp with 287-bp 
Alu insertion) and deletion (190 bp) status of undigested PCR 
products. The ID base pairs were considered heterozygous with 
the appearance of insertion and deletion of 287 Alu base pair se-
quences (Fig. 1). The agarose gel was evaluated by ultraviolet gel 
documentation. Molecular analysis was performed in the male 
campus of the Clinical Laboratory Sciences Department in CAMS 
at KSU (Lab No. G-141).

Figure 2. Scatter plot (A) and box plot (B) representing the association between 
angiotensin-converting enzyme (ACE) genotypes and body mass index (BMI) in 
obesity cases. I, insertion; D, deletion.
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Figure 1. Presentation of 3% agarose gel electrophoresis with undigested angio-
tensin-converting enzyme (ACE ) products. Lane 1: 100 bp ladder, lane 2–4: II geno-
type (490 bp), lane 5–7: DD genotype (190 bp), lane 8–12: ID genotype (490/190 
bp). I, insertion; D, deletion.
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were younger than the controls (mean age, 48.05± 10.69 years), and 
sex ratio differed between groups. Obese offspring showed signifi-
cantly higher values for anthropometric parameters, such as weight 
and BMI, than those of the controls (P< 0.001). The average height 
of the cases was found to be 156.28 cm, whereas 163.68 cm was 
the average height among controls, which indicates that the control 

subjects were prone to be taller than the case subjects. However, al-
though the sex differences between the cases and controls were sta-
tistically significant (P= 0.001), the differences in age (P= 0.13) 
and height (P= 0.16) were not.

HWE analysis 
Genotype frequencies for ACE in the control subjects were in 

HWE (P= 0.028), and the estimation of power and sample size 
was found to be 80% in this study (Supplementary Table 1).

ACE genotyping analysis 
Genotype and allele frequencies for the ACE Alu sequence poly-

morphism for both cases and controls are shown in Table 2. The II 
and ID genotypes were detected at lower frequencies and the DD 
genotype was detected at a higher frequency among the cases (Fig. 2) 
than among the controls (Supplementary Fig. 1) (II: 11% vs. 10%, 
ID: 1.1% vs. 58%, and DD: 87.9% vs. 32%). The OR for ID vs. II 

Table 1. Anthropometric details of first cousin siblings and control subjects

Variable Case (n= 91) Control (n= 100) P

Age (yr) 29.40± 12.45 48.05± 10.69 0.130
Sex (male:female) 38:53 62:38 0.001*
Weight (kg) 98.19± 31.58 67.23± 11.48 < 0.001*
Height (cm) 156.28± 20.31 163.68± 8.84 0.160
BMI (kg/m2) 38.10± 11.07 24.83± 3.52 < 0.001*
First cousin siblings 91 (100) 0 < 0.001*

Values are presented as mean± standard error or number (%). 
*P-values were calculated between the cases and control subjects and indicated a sig-
nificant association when the values were < 0.05.  
BMI, body mass index.

Table 2. Genotype and allele frequency distributions of the ACE polymorphism in the obese offspring of first cousins (cases) and controls

Genotype/allele Case (n= 91) Control (n= 100) OR (95% CI) P OR (95% CI)* P †

II 10 (11.0) 10 (10) Reference Reference Reference Reference
ID 1 (1.1) 58 (58) 0.017 (0.002–0.149) < 0.001 0.019 (0.002–0.148) < 0.001
DD 80 (87.9) 32 (32) 2.500 (0.095–6.579) 0.058 2.200 (0.099–6.582) 0.036
Dominant (II vs. ID+DD) 10 (11) 10 (10) 1.110 (0.440–2.806) 0.820 1.130 (0.480–2.824) 0.680
Co-dominant (ID vs. II+ID) 1 (1.1) 58 (58) 0.008 (0.001–0.060) < 0.001 0.009 (0.002–0.090) < 0.001
Recessive (II+ID vs. DD) 11 (12.1) 68 (68) 0.064 (0.030–0.130) < 0.001 0.066 (0.032–0.140) < 0.001
I allele 21± 12 78± 39 Reference Reference Reference Reference
D allele 161± 89 122± 61 4.902 (2.867–8.379) < 0.001 4.905 (2.871–8.382) < 0.001

Values are presented as number (%) or mean± standard error. Reference indicates the II genotypes and I allele.
*The correlation between age/sex and the genotypes; †P-values were calculated between the cases and control subjects and indicated a significant association when values were 
< 0.05.
ACE, angiotensin-converting enzyme; OR, odds ratio; CI, confidence interval; I, insertion; D, deletion.  

Figure 3. Representation of the association between sex and body mass index 
(BMI) of obesity cases through scatter plot (A) and box plot (B).
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was 0.017 (95% CI, 0.002–0.14; P< 0.001) and for DD vs. II was 
2.5 (95% CI, 0.095–6.579; P= 0.058). A negative association was 
confirmed when comparing the dominant (II vs. ID+DD: OR, 1.11; 
95% CI, 0.44–2.806; P= 0.82) with the recessive modes of inheri-
tances (DD vs. II+ID: OR, 15.45; 95% CI, 7.24–32.96; P< 0.001), 
as well as with the co-dominant mode (ID vs. II+DD: OR, 0.008; 
95% CI, 0.001–0.06; P< 0.001). The allele frequencies for D and I 
in cases of offspring obesity were 88.5% and 11.5%, respectively, 
whereas in the control subjects, the frequencies were 61% and 39%, 
respectively; a significant association was detected (OR, 4.902; 95% 
CI, 2.867–8.379; P< 0.001). After age and sex were adjusted, both 
the recessive model (OR, 0.064; 95% CI, 0.03–0.13; P< 0.001) and 
the dominant allele (OR, 1.11; 95% CI, 0.44–2.806; P= 0.82) were 
strongly associated.

ANOVA analysis 
One-way ANOVA with genotypes II, ID, and DD and anthropo-

metric measurements such as age (P= 0.47), weight (P= 0.74), 
height (P= 0.01), and BMI (P= 0.85) were performed. The current 
findings of the analysis showed that height was positively correlated 
with the three different genotypes, and the ID genotypes were found 
to be elevated to 168.00 ± 0.00 cm and accompanied by 158.28 ±  
16.61 cm DD genotypes and then by 139.17 ± 36.40 cm (P= 0.01) 
II genotypes (Supplementary Table 2).

Multinomial logistic regression analysis 
Considering the ACE II genotype as the reference group docu-

mented in Table 3, the association of genotype frequencies with 
different demographic and clinical covariates of studied polymor-

phisms such as age, sex, weight, height, and BMI with ACE II, ID, 
and DD genotypes was also evaluated. A positive correlation (P<  
0.05) was not demonstrated in the sample population for any of the 
covariates. No statistical correlation was shown in cases with either 
the ID genotype (OR, 0.001; 95% CI, 0.001–93,776.679; P= 0.303) 
or the DD genotype (OR, 8.415; 95% CI, 0.269–263.133; P= 0.225). 
The Cox and Snell R2 was found to be 0.707.

Association between ACE genotypes and BMI for cases 
and control subjects 

The ACE genotypes are expressed in Fig. 2B and Supplementary 
Fig. 1 in relation to BMI among cases and controls. Among the cas-
es, as compared to the II and ID genotypes, BMI was found to be 
elevated in the DD genotypes, while among the controls, BMI was 
highest in the DD and ID genotypes followed by the II genotypes. 
Fig. 3 demonstrates the correlation of BMI using the scatter plot 
(Fig. 3A) and box plot (Fig. 3B) in sex-wise parameters. In compar-
ison with males among the obesity cases, the BMI was found to be 
higher in females, whereas among the controls, both females and 
males were documented to have similar BMI, though it was some-
what higher in males (Supplementary Fig. 2).

DISCUSSION

This case-control study of 91 cases and 100 controls provides the 
first analysis of the ACE gene ID polymorphism in the offspring of 
first-cousin consanguineous partners in the Saudi population. Our 
results confirm a stronger positive association with alleles (P< 0.001) 
in the cases compared with the controls. However, the ID frequen-
cy was higher in controls than in cases. The dominant, recessive, 
and co-dominant modes of inheritances all yielded non-significant 
associations (P> 0.05). The definition of BMI was derived from 
the Quetelet or Kaup index and was developed by the World Health 
Organization for the evaluation of any adult individual as the weight 
(kg) divided by the height squared (m2). In the Saudi population, 
BMI plays a very important role in school children aged 2–19 years.22 
An earlier study in Saudi Arabia has documented that one of four 
adult males and one of three adult females are classified as obese. In 
general, obesity is associated with non-communicable diseases such 
as type 2 diabetes mellitus (T2DM), hypertension (HTN), ob-

Table 3. Multinomial logistic regression analysis

Characteristics OR (95% CI) P

Age (yr) 0.692 (0.547–0.874) 0.002
Sex (male:female)  0.008 (0.000–11.587) 0.193
Weight (kg) 1.073 (0.929–1.238) 0.338
Height (cm) 0.966 (0.817–1.142) 0.684
BMI (kg/m2) 1.860 (1.081–3.201) 0.025
ACE  II   1 (Reference) 0.329
ACE  ID 0.001 (0.001–93,776.679) 0.303
ACE  DD     8.415 (0.269–263.133) 0.225

Cox & Snell R2: 0.707.
OR, odds ratio; CI, confidence interval; BMI, body mass index; ACE, angiotensin-con-
verting enzyme; I, insertion; D, deletion.
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structive sleep apnea, hyperlipidemia, and osteoarthritis.23 The dif-
ference between the obesity and overweight statuses is not substan-
tial; both are strongly associated with mental health, eating disor-
ders, and nutritional problems, especially in Saudi Arabia.24 Multi-
ple studies of the Saudi population have evaluated obesity in vari-
ous sectors, including clinical, hospital-based, case-control, epide-
miological, nutritional, genetic, and region-wide studies, and none 
has documented the precise cause of obesity in children and adult 
males and females. In the present study, offspring of first-cousin 
consanguineous couples with high BMIs (obesity) were evaluated. 
This is the first genetic case-control study in the Saudi population 
to consider subjects with obesity from consanguineous marriages.

The relationship between consanguinity and genetic disorders is 
now recognized, and it is predicted that one billion people world-
wide from different cultural communities are in consanguineous 
marriages, particularly in the Middle East, Asia, and North Africa, 
where these marriages represent 20%–50% of total marriages. In 
Saudi Arabia, a nearly 50% rate of consanguinity has been reported, 
with rates as high as 80% in some specific regions; marriages be-
tween first cousins are particularly frequent, ranging between 28% 
and 40%.25 The risks associated with consanguinity for first-cousin 
parents have been confirmed by analyses of birth defects in new-
borns.26 These risks are passed to offspring through autosomal re-
cessive gene mutations inherited from a common ancestor.27 Loss 
of function (missense) variants are expected to disrupt the func-
tions of protein-coding genes.28 Among 22 countries in the Arab 
world totaling a population of 500 million, Saudi Arabia is one of 
the highest income countries in the Arabian Peninsula. In total, 955 
genetic diseases have been acknowledged in the Arab population,29 
whereas 7,500 disorders are documented in the global population.6 
Bosdou et al.30 confirmed the connection between obesity and in-
fertility in consanguineous women; an elevated BMI increases the 
risk of infertility due to hormonal abnormalities and ovulation dys-
function. However, genetic studies of the correlation between con-
sanguinity and obesity are lacking. The lifestyle in Saudi Arabia has 
changed drastically since the discovery of oil and subsequent increas-
es in wealth. Obesity in Saudi Arabia has become a serious health 
complication, resulting in preventable deaths, and is connected with 
an increase in chronic non-communicable diseases; 68% of citizens 
are classified as overweight or obese.31 

The rs4646994 is one of the functional polymorphisms that ap-
pears on the ACE gene, which consists of the 287-bp Alu sequence. 
Heterozygosity (ID) in the Alu sequence may affect the ACE gene 
expression and function of ACE-I, while the DD genotype is gen-
erally associated with limited health issues such as higher blood 
pressure. However, a strong relation was observed between HTN 
and obesity via the accumulation of additional adipose tissue, which 
initiates a cascade of events that lean towards elevated blood pres-
sure. The ACE DD genotype raises the ACE plasma concentra-
tion, and it does not reliably show a potential for various human 
diseases and the outcomes of case-control studies. The large im-
pact and higher production of angiotensin II are correlated with 
the involvement of the D allele when compared with the II geno-
type and the I allele. Obesity-induced HTN is one of the most im-
portant pathways in infants, children, and adults.32-34 The study fo-
cused on the ACE gene to determine the effects of first-cousin con-
sanguinity on offspring. ACE gene polymorphisms have been eval-
uated in all of the multifactorial inheritances of human diseases. 
The ACE enzyme has a connection with RAS and modulates the 
synthesis of angiotensin II and the inactivation of bradykinin. The 
ACE ID polymorphism affects adipose tissue and is associated with 
HTN; diabetes nephropathy with angiotensin bradykinin is con-
nected to coronary arteries and obesity.35 ACE contributes substan-
tially to T2DM as the RAS blockade improves insulin resistance. 
The major connection between obesity and ACE polymorphisms 
involves adipocyte growth and function and ACE processing of an-
giotensin II, which inhibits adipocyte differentiation. The ACE ID 
polymorphism is also closely associated with susceptibility to met-
abolic disorders, which are related to central obesity.36 No studies 
have evaluated the offspring of first cousins with respect to obesity 
and ACE gene polymorphisms. However, limited genetic studies of 
the global population have evaluated the association between obe-
sity and ACE ID polymorphisms.37,38 El-Hazmi and Warsy39 exam-
ined the ACE ID polymorphism in obese Saudi patients and re-
ported a positive effect of the DD genotype and D allele in over-
weight and obese subjects. Few studies of the Saudi population 
have evaluated ACE gene polymorphisms with respect to multiple 
human diseases. 

The heterozygous genotypes (ID) vary from our study (1.1%) 
when compared with other obesity studies with non-consanguine-
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ous subjects.40 There is the possibility that offspring might receive 
the dominant alleles (deletion) from both parents because of con-
sanguinity. However, from this single and low-sample-sized study, 
this is difficult to conclude. Apart from this, the control subjects in 
the present study, i.e., non-obese offspring in non-consanguineous 
parents, differed in the heterozygous genotypes (ID) of the ACE 
gene when compared to the cases. However, the current study did 
not find any similar document for the genotype subjects with non-
obese consanguineous first cousins in the Saudi population to com-
pare the heterozygous allelic frequencies. The genotype frequen-
cies observed in this study might vary with other study results due 
to the inclusion criteria of the study subjects and random control 
selection. This could also be one more reason for not matching the 
age and sex between the cases and controls.

Finally, some important limitations of this study need to be con-
sidered. Only one single nucleotide polymorphism was evaluated, 
which may be inadequate for assessing the risk levels associated 
with consanguinity. In addition, serum assays were not performed. 
Furthermore, these genotype data must be interpreted with cau-
tion because our population data were not consistent with those of 
other Saudi studies, and the sample size was not large enough. The 
final limitation of this study is that it was performed with the obese 
offspring of first cousins only, instead of also including non-obese 
offspring of non-consanguineous couples. Additional subject groups 
were not involved in this study.

In conclusion, this analysis of the ACE gene polymorphism showed 
a strong association between the allele frequencies in the offspring 
of consanguineous first cousins and obesity in the Saudi population. 
Future studies with larger sample sizes in a more globally diverse 
ethnic population are needed to confirm the results of our small 
case–control study in a different combination of selected subjects.
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