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Background: Obesity is one of the hereditary metabolic conditions that have been recognized in humans
which is associated with visceral fat. Ghrelin (GHRL) is mainly linked to obesity as lipid metabolism. The
rs626917, rs34911341 and rs20755356 single nucleotide polymorphisms (SNP) were extensively inves-
tigated in multiple human diseases including obesity. There are no studies were studied in the Saudi pop-
ulation with GHRL gene and obesity and the current study was aimed to investigate the genetic
association between rs626917, rs34911341 and rs20755356 SNPs in GHRL gene in obesity population.
Methodology: Ninety patients with obesity and ninety healthy individuals served as controls in this case-
control study. Genomic DNA was extracted from the collected EDTA blood and genotyping was per-
formed with qPCR analysis using VIC and FAM probes. Clinical and biochemical data was collected from
180 subjects and statistical analysis was performed using SPSS software (25th Version, USA).
Results: Age, weight, BMI, WC, SBP, DBP, HDLC, and TG levels all showed statistical significance with obe-
sity (p < 0.05) when compared with controls. Genotype analysis in rs696217 SNP confirmed no associa-
tion in allele, genotypes or any other forms of genetic models. A positive association was observed in both
rs34911341 and rs2075356 SNPs (p < 0.05). The Anova analysis confirmed the significant association
with weight, BMI and SBP in rs696217 SNP, weight and BMI in rs34911341 SNP and SBP in rs2075356
SNP in GHRL gene (p = 0.01).
Conclusion: This study confirms the significant association with rs34911341 and rs20755356 SNPs was
associated with obesity in the Saudi population.
� 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Obesity, the accumulation of extra fat in the human body, has
become a widespread disease for the development of future human
diseases. Obesity is a symptom of having too much fat on your
body, which has been related to a decreased life expectancy and
more serious health conditions (Alshammary and Khan, 2021).
The future complications of obesity are mainly connected with car-
diovascular diseases (CVD), diabetes and cancers (Al-Nbaheen,
2020). According to WHO, the global obesity prevalence has tripli-
cated, with an estimated 1.9 billion people overweight or obese
(Alharbi et al., 2021). Specifically, in the Gulf states, the incidence
of overweight is between 25 and 50 %, and obesity is 13–50 %
(Aljefree et al., 2022). Overweight and obese people are more com-
mon in Kingdom of Saudi Arabia (KSA) which results obesity to a
leading cause of death, accounting for 8–18 %. In response to the
tremendous health and social repercussions of the obesity epi-
demic, the KSA government is executing a broad variety of pro-
grams under its Vision 2030 plan for a healthy population.
Obesity treatment methods have evolved in KSA, such as the early
use of day case bariatric surgeries (Salem et al., 2022). Environ-
mental and genetic factors will have a significant impact on
chronic and metabolic disorders (Khan, 2021), mainly obesity.
Around 200 genetic variations in humans have been found by gen-
ome wide association studies (GWAS) obesity in mixed population
based on monogenic, syndromic and polygenic classifications of
obesity and variants can be explained only in 3 % as heritability,
which is associated with body mass index (BMI) (Younes et al.,
2021). Obesity has common genetic effects, indicating a common
genetic contribution. Several metabolic diseases are frequently
connected with mutations in specific genes, which explains aber-
rant expressions, and some single nucleotide polymorphisms
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(SNPs) also play an important role in human obese population
(Rahati et al., 2022). Ghrelin (GHRL) gene was discovered to be
one of them, and it has been linked to obesity as a chronic disease
in humans. Involvement of the ghrelin gene in food intake, energy
homeostasis, and lipid metabolism has been well-documented for
obesity disease. When we eat food, we release a hormone called
ghrelin that has a physiological purpose in initiating a meal. GHRL
levels rise during periods of fasting and decrease after we eat. Due
to its role in energy balance and weight regulation, ghrelin defi-
ciency could play a role in human obesity (Martin et al., 2008).
The human GHRL gene is located on chromosome 3p25-26 and
has five exons and four introns. The GHRL coding and noncoding
areas contain at least 300 SNPs, four of which have been linked
to pathogenicity. GHRL expression can be affected by high-fat diet,
somatostatin, and parasympathetic stimulation. Several pheno-
types and human diseases have been associated with elevated
serum levels of ghrelin and its variants. Body weight and fat mass
in mice have been discovered to be inversely related to serum
ghrelin concentration; GHRL has been reported to play a role in
the pathophysiology of obesity in humans. Some of these gene
polymorphisms are well-known (Monteleone et al., 2007; Kalli
et al., 2021). Limited genetic studies with specific SNPs have been
conducted in the KSA population, and no investigations using GHRL
gene have been reported. Based on prior SNPs (rs696217,
rs3491341, and rs2075356) explored in the global obesity popula-
tion, this study was designed to investigate the three SNPs in GHRL
gene. The purpose of this study is to explore at the function of three
SNPs in the GHRL gene in obese subjects from capital city of KSA.
2. Materials and methods

2.1. Obesity population

This case-control study consists of 180 Saudi population which
was categorized as 90 obesity cases and 90 non-obesity subjects
(controls). All 180 participants were considered as 91 males and
89 females. Finally, obesity cases consist of 48 females and 42
males and controls involve 43 males and 47 females. All subjects
were collected during the routine visit to the patient clinic of King
Khalid University Hospital. The obesity cases were recruited under
the age of 31–76 years and controls were selected between 40 and
60 years of age.
2.2. Selection criteria

Based on simple criteria(s) 180 subjects were recruited. The ini-
tial criteria were to sign the patient consent form and to draw the
blood samples to enroll in this study. The inclusion criteria of obe-
sity case recruitment for this study were based on BMI levels and
Saudi nationality. The patient with low BMI levels with non-
Saudi nationality were excluded from this study. Patient with
<30 kg/m2 is confirmed as inclusion criteria for control of this
study and exclusion is as per elevated BMI levels. The categoriza-
tion of BMI was described in the prior study (Al-Nbaheen, 2020).
2.3. Ethical details

The Institutional Review Board of the College of Medicine at
King Saud University granted authority for this research to pro-
ceed. Each patient has given their authorization to obtain a sample
by signing our informed consent form. In accordance with the Dec-
laration of Helsinki, this study was carried out.
2

2.4. Anthropometric data and biochemical analysis

In this study, age and waist circumference was recorded. BMI
was calculated based on weight and height. Details concerning
hypertension, such as systolic and diastolic blood pressure (SBP
and DBP), were also assessed. Three milliliters of coagulant blood
were utilized for biochemical testing of lipid profiles such as total
cholesterol (TC), triglycerides (TG), HDLC (High Density Lipopro-
tein cholesterol), and LDLC (Low Density Lipoprotein cholesterol)
(Low Density Lipoprotein cholesterol) (Alharbi et al., 2015).

2.5. DNA amplification

DNA was isolated using DNA extraction kit for 180 subjects
using peripheral blood which was collected in an EDTA tubes.
NanoDrop spectrophotometer was used to measure the quality of
DNA. All DNA samples were finalized for 20 ng/lL and 180 samples
were genotyped by allelic discrimination test using Taqman analy-
sis (TaqMan Probes and TaqManmaster mix) using 7500 Real-Time
Polymerase Chain Reaction detection system. In this study, 3 SNPs
(rs696217, rs34911341 and rs2075356) were genotyped with 90
obesity cases and 90 controls using VIC and FAM probes. Table 1
provides the primer sequences and probes details for three SNPs
used in this study. PCR conditions for genotyping analysis was
finalized for 40 cycles, 95⁰C-10mins, 95⁰C-15 s and 60⁰C for 60 s.
During the amplification process, the DNA polymerase will engage
with the wild-type probe and knock off its fluorescent dye, freeing
it from the quencher and allowing a signal to be created and
recorded. However, if the mutant sequence is present, the mutant
probe will attach and create its specific fluorescence signal
(Flanagan et al., 2021). The complete assay was followed as per
the documented study (Alharbi et al., 2021). Obesity cases were
repeated twice to reconfirm the analysis.

2.6. Statistics

In this study, the complete statistics was calculated using SPSS
software (version 25.0). Qualitative data represents the number
and percentages whereas Quantitative data indicates median for
non-parametric data and mean ± SD for parametric data. Both
Qualitative and Quantitative data were used in this study. Table 2
was used to compare the anthropometric and biochemical values
using t-tests between cases vs controls. Table 3 was used to mea-
sure the control groups, which were analyzed using a Chi-square
test in Hardy Weinberg Equilibrium (HWE). Table 4 displays the
odds ratio (OR), 95 % confidence intervals (CI), and P values for
the association between alleles and genotypes. Table 5 shows the
results of an Anova test applied to the anthropometric and lipid
profile data based on the various SNPs of genotypes (Khan et al.,
2019). Linkage disequilibrium coefficient analysis was conducted
using Haploview (version 4.2) on three SNPs in Ghrelin gene
(Fig. 1) (Saif and Khan, 2022). P value <0.05 is regarded statistically
significant (p < 0.05).
3. Results

3.1. Characteristics of obesity and control subjects

A total of 180 participants (90 cases of obesity and 90 controls)
were included in the study; their baseline demographic and clini-
cal features are shown in Table 1. This study determined that the
average age of those who are obese is 49.54 ± 10.46 and controls
were documented with 45.21 ± 7.87. The prevalence of male sub-
jects in obesity cases and controls was confirmed with 53.3 %
and 47.8 %, whereas in females, 46.7 % and 52.2 % was confirmed



Table 1
Details of SNPs, primer sequences and probes involved in this study.

S. No rs number SNPs Amino acid substitution Primers Probes

1 rs696217 C408A Leu-Met F: GGACCCTGTTCACTGCCAC
R: GAGCCCTGAACACCAGAGAG

F: VIC
R: FAM

2 rs34911341 G346A Arg-Gln F: GCTGGGCTCCTACCTGAGC
R: GGACATGGGGGCTTAGAGT

F: VIC
R: FAM

3 rs2075356 T3056C – F: CACCTTCCCACTCACCATCT
R: GCCATTGGTGACTCAACCTT

F: VIC
R: FAM

Table 2
Characteristics of obesity and control participants.

Characteristics Controls (n = 90) Obesity (n = 90) P value

Age (Years) 45.21 ± 7.87 49.54 ± 10.46 0.001
Gender (M: F) 47.8 %: 52.2 % 53.3 %: 46.7 % 0.76
Weight (Kgs) 72.41 ± 10.45 108.97 ± 14.49 <0.0001
Height (cms) 157.16 ± 5.34 157.28 ± 5.33 0.15
BMI (Kg/m2) 29.31 ± 4.57 44.22 ± 6.71 <0.0001
WC (cms) 81.46 ± 5.89 93.27 ± 9.44 <0.0001
SBP (mmHg) 132.76 ± 6.32 140.65 ± 8.32 0.001
DBP (mmHg) 80.75 ± 1.47 88.65 ± 3.13 <0.0001
HDLC (mmol/L) 0.78 ± 0.21 1.21 ± 0.30 0.002
LDLC (mmol/L) 2.88 ± 0.69 3.08 ± 0.73 0.59
TC (mmol/L) 4.18 ± 1.03 4.34 ± 1.05 0.30
TG (mmol/L) 1.56 ± 1.65 3.46 ± 1.89 <0.0001
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in obesity cases and controls. In this study, weight (108.97 ± 14.49
vs 72.41 ± 10.45), BMI (44.22 ± 6.71 vs 29.31 ± 4.57) and WC
(93.27 ± 9.44 vs 81.46 ± 5.89) was found to be very high in obesity
cases when compared with controls. Both SBP (140.65 ± 8.32
vs132.76 ± 6.32) and DBP (88.65 ± 3.13 vs 80.75 ± 1.47) levels were
found to be high in obesity cases. Lipid profile analysis confirms
the elevated levels in obesity when compares with control sub-
jects. The overall analysis from Table 2 confirms as age, weight,
BMI, WC, SBP, DBP, HDLC and TG were significantly associated
and found elevated levels in obesity cases in comparison with con-
trols (P < 0.05). However, gender, height, LDLC and TC were not
associated (P greater than 0.05).
3.2. HWE analysis

The HWE analysis confirmed the significant association with
3SNPs involved in this study. The MAF of rs696217 SNP showed
0.03 (v2 = 8.66 and P = 0.003). In rs34911341 SNP showed 0.08
as MAF with v2 = 4.57 and P = 0.03 and in rs2075356 SNP, 0.23
was the MAF with v2 = 17.50 and P = 0.00002. The details have
been shown in Table 3.
3.3. Genetic association with 3 SNPs in ghrelin gene

A total of 3 SNPs (rs696217, rs34911341 and rs2075356) were
genotyped successfully in obesity cases and controls. The call suc-
cess rate of three loci was greater than 90 %. The detailed informa-
tion about genotypes, alleles and genetic models such as dominant,
recessive and co-dominant models for three SNPs were shown in
Table 3. In rs696217 SNP, genotype frequencies for GG and GT
Table 3
Prevalence of HWE analysis in 3SNPs of GHRL gene.

SNPs Minor Allele MAF v2 HW P-value

rs696217 T 0.03 8.66 0.003
rs34911341 T 0.08 4.57 0.032
rs2075356 C 0.23 17.50 0.00002
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was 87.8 % and 11.1 % in obesity cases and 94.5 %, and 4.4 % in con-
trols and in TT both groups have received 1.1 %. There is no statis-
tical significance difference between allele, genotypes or any of the
genetic models. The rs34911341 SNP was strongly associated with
allelic form (T vs C: OR-3.28, 95 %CI:1.71–6.28; p = 0.0002),
heterozygous genotype (CT vs CC; OR-4.39, 95 %CI:1.99–9.71;
p = 0.0001) and a couple of genetic models (CT + TT vs CC: OR-
4.13, 95 %CI:1.97–8.67; p = 0.0004 and CT vs CC + TT: OR-4.20,
95 %CI: 1.91–9.24; p-0.0001). In obesity cases, CT and TT genotypes
was observed to be 34.5 % and 4.4 %. In controls, 11.1 % and 2.2 % of
CT and TT genotypes were observed. Among control genotypes,
86.7 % and 61.1 % of CC genotypes were observed in obesity cases
and controls. The T allele frequencies was higher in obesity cases
with 0.22 % than in controls with 0.18 %, whereas in controls,
0.92 % of C allele frequencies were observed when compared with
obesity cases as 0.78 %. In the third SNP rs2075356, allele (C vs T:
OR-2.09, 95 %CI:1.32–3.31; p = 0.001), heterozygous and variant
genotypes (TC vs TT: OR-2.27, 1.11–4.64; p = 0.02 and CC vs TT:
OR-2.56, 95 %CI: 1.13–5.77, p = 0.02) and dominant model (OR-
2.39, 95 %CI:1.31–4.37, p = 0.004) were associated in obesity cases.
Both TC and CC genotypes in obesity cases were high with 31.1 %
and 23.3 %, while controls had 20 % of TC and 13.3 % CC genotypes.
The TT genotypes in controls was 66.7 % and 45.6 % in obesity
cases. The high frequencies of C alleles were found in obesity cases
with 39 % and 23 % in controls and T allele frequencies was found
to be low in obesity cases with 61 % and high in controls with 77 %.
3.4. Anova analysis with 3 SNPs in ghrelin gene

Table 5 defines the Anova analysis with three SNPs and anthro-
pometric analysis such as age, weight, BMI, WC, SBP and DBP. Bio-
chemical analysis includes the lipid profile such as HDLC, LDLC, TC
and TG in obesity cases. The rs696217 SNP was categorized into
GG, GT and TT genotypes with baseline characteristics involves
the elevated of age (55.00 ± 1.00), weight (140.00 ± 1.00), BMI
(60.60 ± 1.00), HDLC (1.70 ± 1.00), LDLC (3.60 ± 1.00), TC (6.30 ±
1.00) and TG (5.43 ± 1.00) levels in TT genotype and GT genotype
had higher levels of WC (94.8 ± 7.33), SBP (149.7 ± 9.71) and
DBP (90.3 ± 2.91). None of the abnormal levels were found in GG
genotype. The Anova analysis confirmed weight (P = 0.003), BMI
(P = 0.0001) and SBP (P = 0.008) were significantly associated.
The CC, CT and TT genotypes in rs34911341 SNP confirmed only
weight (P = 0.003) and BMI (P = 0.0001) were associated with
Post-hoc analysis. WC (94.18 ± 9.45) and HDLC (1.25 ± 0.30) has
high levels in CC genotypes. Age (49.77 ± 10.90), DBP (88.90 ±
3.59) and TG (3.58 ± 1.78) had elevated levels in CT genotypes
and in TT genotypes, weight (128.00 ± 10.42), BMI (55.72 ± 3.30),
SBP (149.29 ± 9.10), LDLC (3.27 ± 0.25) and TC (4.65 ± 1.13) levels
were elevated. In rs2075356 SNP, only SBP (P = 0.03) showed the
significant analysis. The elevated levels were documented only in
TT and CC genotypes. Age (50.65 ± 11.74), WC (93.97 ± 9.70), HDLC
(1.29 ± 0.30) and TC (4.41 ± 1.02) levels were risen in TT genotypes,
while weight (111.66 ± 16.63), BMI (46.48 ± 7.72), SBP (144.33 ±
8.89), DBP (89.28 ± 3.42), LDLC (3.21 ± 0.56) and TG (3.98 ± 1.66)
levels were elevated in CC genotypes.



Table 4
Genotype and allele distribution for 3 SNP in GHRL gene between Obesity and controls.

Genotypes Cases (n = 90) Controls (n = 90) Odds Ratios 95 %CI P values

rs696217
GG 79 (87.8 %) 85 (94.5 %) – – –
GT 10 (11.1 %) 04 (4.4 %) 2.69 0.81–8.92 0.09
TT 01 (1.1 %) 01 (1.1 %) 1.07 0.06–17.49 0.95
GT + TT vs GG 11 (12.2 %) 05 (5.5 %) 2.36 0.78–7.11 0.11
GT vs GG + TT 10 (11.1 %) 04 (4.4 %) 2.68 0.81–8.91 0.09
TT vs GT + GG 01 (1.1 %) 01 (1.1 %) 1.00 0.06–16.24 0.99
G allele 168 (0.93) 174 (0.97) – – –
T allele 12 (0.07) 06 (0.03) 2.07 0.76–5.64 0.14

rs34911341
CC 55 (61.1 %) 78 (86.7 %) – – –
CT 31 (34.5 %) 10 (11.1 %) 4.39 1.99–9.71 0.0001
TT 04 (4.4 %) 02 (2.2 %) 2.83 0.50–16.03 0.22
CT + TT vs CC 35 (38.9 %) 12 (13.3 %) 4.13 1.97–8.67 0.0004
CT vs TT + CC 31 (34.5 %) 10 (11.1 %) 4.20 1.91–9.24 0.0001
TT vs CC + CT 04 (4.4 %) 02 (2.2 %) 2.04 0.36–11.46 0.40
C allele 141 (0.78) 166 (0.92) – – –
T allele 39 (0.22) 14 (0.18) 3.28 1.71–6.28 0.0002

rs2075356 – – –
TT 41 (45.6 %) 60 (66.7 %)
TC 28 (31.1 %) 18 (20 %) 2.27 1.11–4.64 0.02
CC 21 (23.3 %) 12 (13.3 %) 2.56 1.13–5.77 0.02
TC + CC vs TT 49 (54.4 %) 30 (33.3 %) 2.39 1.31–4.37 0.004
TC vs TT + CC 28 (31.1 %) 18 (20 %) 1.80 0.91–3.57 0.08
CC vs TT + TC 21 (23.3 %) 12 (13.3 %) 1.97 0.90–4.31 0.08
T allele 110 (0.61) 138 (0.77) – – –
C allele 70 (0.39) 42 (0.23) 2.09 1.32–3.31 0.001

Table 5
Statistical Anova analysis between baseline characteristics and 3 SNPs in GHRL gene.

rs696217 GG (n = 79) GT (n = 10) TT (n = 01) P value

Age (Years) 50.15 ± 10.54 44.20 ± 8.91 55.00 ± 1.00 0.20
Weight (cms) 106.86 ± 13.96 122.60 ± 5.89 140.00 ± 1.00 0.003
BMI (Kg/m2) 43.09 ± 6.23 51.45 ± 2.89 60.60 ± 1.00 0.0001
WC (cms) 93.17 ± 9.72 94.8 ± 7.33 86.00 ± 1.00 0.65
SBP (mmHg) 139.49 ± 7.49 149.7 ± 9.71 142.00 ± 1.00 0.008
DBP (mmHg) 88.43 ± 3.12 90.3 ± 2.91 90.00 ± 1.00 0.18
HDLC (mmol/L) 1.21 ± 0.29 1.14 ± 0.26 1.70 ± 1.00 0.17
LDLC (mmol/L) 3.13 ± 0.72 2.70 ± 0.62 3.60 ± 1.00 0.15
TC (mmol/L) 4.34 ± 1.03 4.15 ± 1.03 6.30 ± 1.00 0.14
TG (mmol/L) 3.46 ± 1.86 3.20 ± 2.15 5.43 ± 1.00 0.53

rs34911341 CC (n = 55) CT (n = 31) TT (n = 04) P value
Age (Years) 49.70 ± 10.42 49.77 ± 10.90 45.50 ± 8.81 0.73
Weight (cms) 105.92 ± 14.24 111.93 ± 13.15 128.00 ± 10.42 0.003
BMI (Kg/m2) 42.62 ± 6.23 45.57 ± 6.17 55.72 ± 3.30 0.0001
WC (cms) 94.18 ± 9.45 92.25 ± 9.66 88.75 ± 6.81 0.41
SBP (mmHg) 139.50 ± 7.46 141.58 ± 9.13 149.25 ± 9.10 0.055
DBP (mmHg) 88.52 ± 2.94 88.90 ± 3.59 88.50 ± 1.91 0.86
HDLC (mmol/L) 1.25 ± 0.30 1.15 ± 0.28 1.20 ± 0.33 0.32
LDLC (mmol/L) 3.11 ± 0.82 3.01 ± 0.56 3.27 ± 0.25 0.72
TC (mmol/L) 4.33 ± 1.10 4.23 ± 0.94 4.65 ± 1.13 0.73
TG (mmol/L) 3.39 ± 1.98 3.58 ± 1.78 3.45 ± 1.76 0.90

rs2075356 TT (n = 41) TC (n = 28) CC (n = 21) P value
Age (Years) 50.65 ± 11.74 47.21 ± 8.93 50.47 ± 9.60 0.36
Weight (cms) 110.12 ± 13.72 105.28 ± 13.65 111.66 ± 16.63 0.24
BMI (Kg/m2) 44.01 ± 6.18 42.83 ± 6.42 46.48 ± 7.72 0.16
WC (cms) 93.97 ± 9.70 93.6 ± 9.18 91.47 ± 9.47 0.60
SBP (mmHg) 140.36 ± 7.70 138.32 ± 8.06 144.33 ± 8.89 0.03
DBP (mmHg) 88.87 ± 2.96 87.85 ± 3.08 89.28 ± 3.42 0.23
HDLC (mmol/L) 1.29 ± 0.30 1.13 ± 0.27 1.16 ± 0.28 0.054
LDLC (mmol/L) 3.04 ± 0.69 3.06 ± 0.88 3.21 ± 0.56 0.66
TC (mmol/L) 4.41 ± 1.02 4.30 ± 1.10 4.28 ± 1.05 0.86
TG (mmol/L) 3.35 ± 2.07 3.24 ± 1.75 3.98 ± 1.66 0.35
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Fig. 1. Analysis of linkage disequilibrium in 3 SNPs present in GHRL gene.
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3.5. Analysis of linkage disequilibrium

In this study, rs696217, rs34911341 and rs2075356 SNPs in
GHRL gene were used for an analysis of LD plot generated delta
coefficient values in obesity cases and control subjects.
4. Discussion

A total of 180 Saudi subjects were involved in this case-control
study including 90 obesity cases and 90 controls. Based on the goo-
gle data, this is the initial study has carried out with 3 SNPs
(rs696217, rs34911341 and rs2075356) in the GHRL gene in obe-
sity population of Saudi Arabia. The current study results con-
firmed the positive association with age, weight, BMI, WC, SBP,
DBP, HDLC and TG (P < 0.05). Genotype analysis in rs696217 SNP
confirmed no association in allele (T vs G: p = 0.14), genotype
(GT vs GG: p = 0.09) and genetic models (GT + TT vs GG: p = 0.11
and GT vs GG + TT: p = 0.09). A positive association was observed
in both rs34911341 (T vs C: p = 0.0002; CT vs CC; p = 0.0001;
(CT + TT vs CC: p = 0.0004 and CT vs CC + TT: p-0.0001) and
rs2075356 SNPs (C vs T: p = 0.001; TC vs TT: p = 0.02 and CC vs
TT: p = 0.02; p = 0.004). The Anova analysis revealed the significant
association between rs696217 SNP and weight, BMI, and SBP, as
well as weight and BMI in rs34911341 SNP and SBP in
rs2075356 SNP in the GHRL gene. Excluding the genetic factors,
advanced age, biochemical and clinical factors which includes ele-
vated BMI levels, family history of diabetes, HTN and obesity, uncon-
trolled diet and lack of irregular activities are associated with obesity.
A recent study by Okati-Aliabad et al confirmed the prevalence of
obesity has been increased in Middle East countries since 2000–
2020 and study reports documented the obesity frequency in KSA
has been elevated by 24.95 (95 %CI: 21.02–29.61) and overweight
frequency has been grown by 31.80 (95 %CI: 29.56–34.21) (Okati-
Aliabad et al., 2022). A couple of studies previously carried out in
KSA has been predicted the prevalence of obesity by 2022 will be
increased to 41 % in men and 78 % in women (Al-Quwaidhi et al.,
2014) and overall prevalence will be 59.5 % in which 41.4 % will be
men and 77.6 % will be women (Ss, m. a., 2016).

Both the stomach and the pancreas secrete a peptide called
ghrelin, which regulates metabolism (Hamdy et al., 2018). Kojima
identified ghrelin in 1999 as a peptide hormone generated by
stomach A-like cells and other organs. The effects of GHRL, which
plays an important role in energy homeostasis, are expected to
impact the actions of insulin, growth hormone, and other hor-
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mones. GHRL effects are assumed to be mediated via growth hor-
mone secretagogue receptors (GHSRs) in the brain, heart, and
adipose tissue (Joatar et al., 2017). Ghrelin is known to be the bulk
of the 28-amino acid peptide generated by endocrine cells in the
mucosal folds of the stomach. The rat stomach had an endogenous
ligand for the growth hormone secretagogue receptor (GHS-R),
which was subsequently revealed to boost food intake by triggering
orexigenic peptides in the hypothalamic arcuate nucleus and to pro-
mote weight gain (Chen et al., 2020). Obese people had lower levels
of ghrelin in their bloodstreams than lean ones, indicating that ghre-
lin may have a role in weight regulation. The GHRL gene has been
identified as a possible contributor to human obesity. 12 SNPs have
been found in the GHRL gene, although their functional ramifications
have not yet been fully understood (Llamas-Covarrubias et al., 2017).
Previous studies have been carried out in obesity with the global
population (Martin et al., 2008; Giudice et al., 2004; Gueorguiev
et al., 2009; Ukkola et al., 2002; Bai et al., 2021; Gjesing et al.,
2010; Leskelä et al., 2009; Takezawa et al., 2013; Takezawa et al.,
2009; Zhu et al., 2010). The SNPs of GHRL gene is studies in various
human diseases including meta-analysis studies in type 2 diabetes
(Huang et al., 2018), gestational diabetes (Madkour et al., 2022),
HTN (Berthold et al., 2010; Mager et al., 2006), metabolic syndrome
(Mora et al., 2015), NAFLD (Tabaeian et al., 2021), eating disorder
(Monteleone et al., 2007; Manfredi et al., 2021) and many other
human diseases.

Interestingly, one-way Anova analysis constructed the relation
between baseline characteristics and different genotypes in 3 SNPs.
Unfortunately, rs696217 (P = 0.008) and rs2075356 (P = 0.03)
showed the statistical association with SBP. There is a borderline
association was present in SBP with the rs34911341 SNP
(P = 0.055). Overall, Anova analysis concludes there is a relation
between SBP levels and GHRL gene in obesity subjects. Previous
studies have an association between GHRL gene and HTN
(Berthold et al., 2010; Mager et al., 2006).

The main limitation of this study was to skip the collection of
serum sample from which Elisa analysis was missed out. The sam-
ple size was also found to be in limited size. The control subjects
for all 3 SNPs were not repeated. Furthermore, because replication
studies are required, the current study findings should be inter-
preted with caution. Missing of family history of obesity was the
final limitations of this study. The strength of this study was to per-
form qPCR analysis and all obesity cases were repeated twice. In
this study, 3SNPs were selected to analyse with obesity subjects.
This study used a single tertiary hospital with a limited sample,
thus false correlations should be very low due to ethnic
similarities. Furthermore, genetic linkages may not account for
the condition or obesity disease. Based on sample size calculation,
case-control study was conducted with 180 Saudi subjects.

In conclusion, genotyping analysis indicated that the SNPs
rs34911341 and rs2075356 SNPs in GHRL gene was associated
with allele, genotype, and dominant models. The Anova analysis
concluded with weight, BMI, and SBP in rs696217 and weight,
and BMI in rs34911341 and SBP in rs2075356 SNPs. Based on
Anova analysis, a prediction can be assumed as these 3 SNPs can
be act as biomarker for central and morbid obesity. To rule out this
analysis, global studies should be replicated mainly with these 3
SNPs in obese and morbid obese subjects. This study can be used
as a small platform to further analyse the genetic factors associated
with obesity and future comorbidities can be affected with a signif-
icant impact on uncontrolled weight gain in obesity subjects.
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