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Abstract

Introduction: Beta three adrenergic receptor (ADRB3) is an adrenergic 
receptor that induces activation of adenylate cyclase located mainly in adipose 
tissue and is involved in the thermogenesis of brown fat tissue and in the 
regulation of lipolysis. Agonists of ADRB3 are found to induce the 
thermogenesis process of human brown fat tissue and thus believed to be 
excellent anti-obesity targets. The most studied single nucleotide 
polymorphism (SNP) of ADRB3 is rs4994. Inconsistent findings have been 
found in earlier studies about the association of rs4994 polymorphisms with 
obesity among different populations. The association of ADRB3/rs4994 
polymorphism with obesity among the Saudi population is unknown. This study 
aimed to investigate the association of ADRB3/rs4994 polymorphism with 
obesity, blood lipids and blood pressure in the Saudi population. Method: This 
study was a case control study involving 88 obese healthy volunteers and 84 
non-obese (controls) volunteers recruited from the King Khaled University 
Hospital (KKUH), Riyadh City, Saudi Arabia. Using KASPTM (Competitive Allele-
Specific PCR) the rs4994 genotype for each participant was determined. The 
frequency, distribution, and association of each genotype with body mass 
index (BMI) and lipid profile were calculated.   
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Results: The distribution of CC, TT and CT genotypes in the study population 
was 0.37, 0.06 and 0.56, respectively. The heterozygote CT genotype was 
associated with a reduced risk of obesity (odds ratio (OR)=0.4398, 
95%CI=0.2338  to  0.8277, P-value=0.010). It was more frequent in the non-
obese participants compared to the obese participants (67.9% vs. 44.3%, 
respectively). Moreover, participants with the CT genotype had a significantly 
lower BMI (P=0.004). In contrast, the CC genotype was associated with an 
increased risk of obesity (OR=2.5, 95%CI=1.3467  to  4.8758, P-value=0.004). 
The frequency of the CC genotype was higher in obese participants compared 
to the non-obese ones (46.6% vs. 28.6%, respectively). Participants with the CC 
genotype demonstrated a significantly higher BMI than participants with the CT 
or TT genotypes (Q= 4.5, P=0.004). The TT genotype had no significant effects 
on the participants’ BMI (OR=2.9, 95%CI=0.7563  to  11.5759, P value=0.11), 
and it was higher in obese compared to non-obese participants (9.1% vs. 3.6%, 
respectively). No significant effect of ADRB3/rs4994 polymorphism on blood 
lipid profile or blood pressure was observed. Conclusion: The findings of this 
study suggested that the heterozygote CT genotype of the ADRB3/rs4994 
polymorphism is associated with a reduced risk of obesity among the Saudi 
population. In the future, larger scale studies are required to further confirm 
these observations.  
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Introduction  
The beta three adrenergic receptor (ADRB3) is one of the beta adrenergic 
receptors that can induce the activation of adenylate cyclase through the action 
of G proteins. It is located mainly in adipose tissues; however, it is also involved 
in the regulation of lipolysis and thermogenesis. ADRB3 is believed to be 
involved in glucose and lipid metabolism, and in the thermogenesis process, 
thus directly or indirectly influencing body weight regulation. Agonists of ADRB3 
are found to induce human brown fat tissue thermogenesis and thus believed to 
be excellent anti-obesity therapy targets (Cypess et al., 2015). 

The most studied single nucleotide polymorphism (SNP) of ADRB3 is rs4994 
(Trp64Arg), a missense mutation that replaces tryptophan with arginine 
(Mirrakhimov et al., 2011). It was hypothesized that this mutation reduces the 
affinity of ADRB3 to norepinephrine in adipocytes. An interesting study found 
that the rs4994 mutation reduces lipolytic activity of ADRB3 in human adipose 
cells (Umekawa et al., 1999). The association of ADRB3/rs4994 polymorphism 
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with obesity is still inconsistent from earlier studies. The polymorphism was 
found to be positively associated with obesity in some studies (Fujisawa et al., 
1998; Kurokawa et al., 2001; Szendrei et al., 2016). However, the polymorphism 
was not associated with obesity in other studies (Liu et al., 2015; Shiwaku et al., 
2003; Zawodniak-Szalapska et al., 2008).  

Indeed, the polymorphism was associated with protection against obesity in the 
Brazilian population (odds ratio (OR)=0; P=0.01) (Brondani et al., 2014), in the 
African American population (McKean-Cowdin et al., 2007), and in the Tatar 
population (Kochetova et al., 2015). As well, it was associated with increasing 
athletic endurance performance (Santiago et al., 2011). These variations in 
findings could be explained by the variations in the ethnic backgrounds of the 
studied populations. Interestingly, a meta-analysis study suggested that the 
mutation increases the risk of obesity in East Asian populations but not in 
European ones (Kurokawa et al., 2008).   

Moreover, obesity is a significant health problem among the Saudi population, 
affecting 29% of the population (Memish et al., 2014). The genetic factors seem 
to play an important role in obesity among Saudi populations since we observed 
a familial clustering (Al Dahi et al., 2014; Shaikh et al., 2016). Interestingly, an 
earlier study by Abu Amero et al. (2005) found that the rs4994 mutation was not 
associated with risk of coronary artery diseases among Saudi patients (Abu-
Amero et al., 2005).  

Few studies have been conducted to assess the genetic factors contributing to 
obesity among the Saudi population and, thus, further studies are required. The 
ADRB3/rs4994 is a potential risk locus for obesity. However, this gene mutation 
has been found to be important in inducing non-shivering thermogenesis in 
brown fat tissues. Thus, alteration in this gene could cut energy expenditure and 
significantly promote obesity. Understanding the genetic loci associated with risk 
of obesity will lead to a better understanding of the underlying 
pathophysiological mechanisms. This should lead to better management and 
effective prevention of obesity among the Saudi population.  

The current study was aimed at evaluating the association of the ADRB3/rs4994 
polymorphism with obesity (and blood lipid profile) among Saudis. 

Materials-Methods 

Recruitment of participants  

We conducted a case control study involving 88 obese individuals and 84 non-
obese individuals (controls) recruited from healthy volunteers visiting the King 
Khaled University Hospital (KKUH), Riyadh City, Saudi Arabia. The inclusion 
criteria included: Saudi nationality, adult age (above 18 years old), and body 
mass index (BMI) of greater than 30 (for obese group) or less than 30 (for non-
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obese group). The participants with current acute or chronic illnesses were 
excluded. Ethical approval of the study protocol was provided by the 
Institutional Review Board (IRB) of the College of Medicine, King Saud University 
(Reference number of 16/0283/IRB). After explaining the procedure with the 
participants, as well as the purpose of the study and potential risks associated 
with participation, an informed consent (approved by the IRB) was obtained from 
each participant. The anthropometric measurements (weight and height) and 
blood pressure were measured for each participant using electronic medical 
scales available at the KKUH. 

Sample collection 

Venous blood was drawn from each participant by an expert phlebotomist. 
About 2 mL of the extracted blood was placed in an EDTA tube, and 3 mL was 
placed in a gel separator tube. The tubes were then transferred on ice 
immediately to the College of Medicine Research Center (CMRC). However, the 
EDTA tubes were stored at 4°C until use for DNA extraction. The gel separator 
tubes were centrifuged at 4°C for 15 min at 1500 g within 30 min to obtain 
serum. The serum was allocated and stored at -80°C until use in biochemical 
analysis.  

DNA extraction 

The acid guanidinium thiocyanate-phenol-chloroform extraction method was 
used to obtain DNA from venous blood stored in EDTA tubes. In brief, 0.5 mL of 
blood was added to 0.5 mL of TRIGentTM (Biomatik, USA, Cat. No. K5161). After 
10 minutes of incubation at room temperature with intermittent vortexing, 100 
μL of chloroform was added. Then, after a 5-min incubation at room 
temperature the tube was centrifuged for 10-15 min at 12,000 g, and the 
aqueous upper layer was removed. Then, 0.5 mL of 100% ethanol was added 
to the lower organic phase to precipitate the DNA. To obtain the DNA pellet, 
the tubes were centrifuged at 4°C for 10 min at highest speed. The DNA pellets 
were washed twice using 70% ethanol and air dried for 10 to 15 min. PCR-
grade water was used to dissolve the DNA pellets. The DNA quality and 
quantity were measured using the Nano Drop ND-1000 UV-VIS 
spectrophotometer (version 3.2.1). The DNA was then stored at -80oC until use
for genotyping. 

Single Nucleotide Polymorphism (SNP) genotyping 

The selected SNP was genotyped using KASPTM (Competitive Allele-Specific 
PCR) method developed by Kbiosciences, UK. Details of the method and 
concepts of the KASPTM are provided on the manufacturer’s website 
(Kbiosciences, UK). In brief, the DNA samples were diluted to be less than 50 
ng/μL. Then the diluted DNA samples were arrayed into 96-well plates. The 
reaction mix for each well was added, containingEDTA of PCR grade water and 5 
μL of KASPTM genotyping mix (the SNP assay was added prior using a ratio of 
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0.14: 5 for assay to genotype mix). The real time PCR reaction was run in a PCR 
machine (Applied Biosystems™ ViiA™ 7 System, Applied Biosystems, USA) 
available at the Stem Cell Research Center, College of Medicine, King Saud 
University. The thermal cycle reaction was as follows: 

- Activation, 15 minutes at 94oC (one cycle)

- First PCR cycles, denaturing at 94oC for 20 seconds followed by annealing/
elongation at 60oC with cool-down of 0.6oC for 60 seconds (10 cycles). 

- Second PCR cycles, denaturing at 94oC for 20 seconds followed by
annealing/ elongation at 55oC for 60 seconds (up to 33 cycles). 

Finally, the ensued signal was read at 35oC for 1 minute and the genotypes were 
discerned automatically by the real time PCR machine.  

Blood lipid profile 

The blood lipid profile was measured in the participants’ serum using the 
Dimension VistaTM 1500 System available in the KKUH laboratory department.     

Statistical analysis 

The data were presented as mean and standard deviation. The frequency of 
each genotype was compared between the obese vs. non-obese groups. The 
association of each genotype with obesity, blood lipid profile, or blood pressure 
was calculated using odds ratio (OR). The difference between the groups was 
assessed using analysis of variance (Anova) test followed by post-hoc Tukey 
honest significant difference (HSD) test. Any difference was considered 
significant if P<0.05. The SPSS program version 20 (Statistical Package for the 
Social Sciences, USA) was used for analyses. 

Results  

Characteristics of study participants 

The characteristics of the study participants are presented in Table 1. A total of
172 participants were involved in the study; 88 were obese (BMI >30) and 84 
were non-obese (BMI <30). The mean BMI was 36 kg/m2 (±5.5) in the obese 
group and 24 kg/m2 (±3) in the non-obese group (p<0.0001). The two groups 
were comparable in age and sex (p=0.3, p=1.0, respectively). Interestingly, we 
found that the non-obese participants had a higher high density lipoprotein 
(HDL) level compared to the obese group (1.3 mmol/L vs. 1.1 mmol/L, 
respectively; p=0.0009). However, we found no significant difference in blood 
cholesterol, low density lipoprotein (LDL) or blood triglyceride levels among the 
two groups (p =0.5 and p=0.1, respectively). We found that obese participants 
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had a higher systolic blood pressure compared to the non-obese group (122 
mmHg vs. 115 mmHg, respectively; p=0.003) but there was no significant 
difference in diastolic blood pressure (p=1.0). 

Table 1. Characteristics of the study participants

Association of ADRB3/rs4994 with BMI 

We aimed to assess the association of ADRB3/rs4994 with obesity reflected by 
BMI and blood lipid profile among Saudis. The ADRB3/rs4994 polymorphism 
was genotyped for each participant using the KASPTM method (Kbiosciences, 
UK). Then, the participants in each group (obese and non-obese groups) were 
further sub-grouped according to their ADRB3/rs4994 genotype. The 
distribution of CC, TT and CT genotypes in the study population was 0.37, 0.06 
and 0.56, respectively. This distribution did not deviate from the Hardy-
Weinberg equilibrium significantly (p=0.9). The chi-square random variable (Χ2) 
of Fisher’s exact test was 10.0 (p=0.006), indicating a dependence of the 
participants’ BMI on the ADRB3/rs4994 genotype.  

We assessed the distribution of each ADRB3/rs4994 genotype among obese vs. 
non-obese participants. It was clear from our results that the distribution of 
different ADRB3/rs4994 genotypes was not comparable between the obese and 

Total (172) Obese (88) Non-obese 
(84) P-value

Age (years) 34(±10) 36.6(±10) 35.4(±9) 0.3

% Male 20.5% 20% 21% 1.0

BMI (kg/m2) 30.5(±7) 36(±5.5) 24.3(±3) < 0.0001

Blood lipids 

Cholesterol( mmol/L) 4.5(±0.9) 4.4(±0.9) 4.5(±1.1) 0.5

HDL (mmol/L) 1.2(±0.3) 1.1(±0.28) 1.3(±0.4) 0.0009

Triglyceride (mmol/L) 1.2 (±0.7) 1.28 (±0.6) 1.1(±0.9) 0.1

LDL (mmol/L) 3.1 (±0.8) 3.1 (±0.9) 3.1 (±0.8) 0.15

Blood pressure

Systolic BP (mmHg) 188(±14) 122(±15) 115(±12) 0.003

Diastolic BP (mmHg) 71(±12) 71(±9) 71(±13) 1

There was a significant difference in BMI, HDL and systolic blood pressure 
between the obese and non-obese groups (P<0.0001, P=0.0009 and P=0.003, 
respectively). BMI: Body mass index, HDL: High density lipoprotein, LDL: Low 
density lipoprotein, BP: blood pressure.  
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non-obese groups. As shown in Fig. 1, the frequency of the CT genotype was
the highest among all ADRB3/rs4994 genotypes. However, the frequency of this 
genotype was found to be highest in the non-obese participants compared to 
obese participants (67.9 % vs. 44.3% , respectively), suggesting the protective 
effect of this genotype. The TT genotype was found to be the least frequent; it 
was higher in obese than non-obese participants (9.1% vs. 3.6%, respectively). 
Meanwhile, the CC genotype was higher in obese participants compared to 
non-obese (46.6% vs. 28.6%, respectively).  

Figure 1. The frequency of ADRB3/rs4994 genotypes in obese vs.  non-
obese participants. 

Furthermore, as displayed in Fig. 2, we assessed the mean BMI in the three
genotype groups. Participants with CT genotype had a lower BMI mean (28.8 
kg/m2), compared to participants with CC and TT genotypes (32.6 kg/m2 and 
32.7 kg/m2, respectively), suggesting the protective effect of this genotype. We 
calculated the risk of obesity associated with each genotype using OR. As shown 
in Table 2, we found that the CT genotype had a significant effect on reducing 
BMI; it was associated with a 57% reduction of obesity (OR=0.4398, 
95%CI=0.2338  to  0.8277, P-value=0.010). In contrast, the CC genotype was 
associated with an increased risk of obesity (OR=2.5, 95%CI=1.3467 to 4.8758, 
P-value=0.004). Moreover, the TT genotype showed no significant effects on the 
part ic ipants ’ BMI probably due to i ts low f requency (OR=2.9, 
95%CI=0.7563  to  11.5759, P-value=0.11); the statistical power of this 
association analysis was estimated to be 0.83 (Bacchetti & Leung, 2002). 
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Figure 2. Mean BMI among participants with different ADRB3/rs4994 
genotypes.  

Table 2. The association of ADRB3/rs4994 genotypes with risk of obesity

Table 3 demonstrates the results of the ANOVA test analysis followed by post-
hoc Tukey HSD test, which were used to assess the differences in BMI, blood 
lipid profile and blood pressure among the ADRB3/rs4994 genotypes groups. 
The ANOVA test showed a significant difference only in BMI among the groups 
(F=5.7, P=0.003). Furthermore, using post-hoc Tukey HSD testing, as 
demonstrated in Table 3, participants with the CC genotype had a significantly 
higher BMI than participants with the CT genotype (Q=4.5, P=0.004). 

(CC) VS. (TT)&(CT) (TT ) VS. (CC)&(CT) (CT ) VS. (CC)&(TT)

OR 2.5625 2.9589 0.4398

Z 2.867 1.55 2.546

95%CI 1.3467 to 4.8758 0.7563 to 11.5759 0.2338 to 0.8277

P value 0.004 0.11 0.010

The wild type CC genotype was found to increase the risk of obesity (P=0.004), 
while the mutated CT genotype reduced the risk of obesity (P=0.01); the TT 
genotype showed no significant effect on risk of obesity. OR=Odds ratio, 
Z=Standard score, CI= Confidence interval. 
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Table 3. The ANOVA and Tukey HSD test analyses of the differences in the 
variables of interest among the rs4994 genotype groups 

Association of ADRB3/rs4994 with blood lipids and blood pressure 

We assessed the association of the ADRB3/rs4994 genotypes with blood lipid 
profile (cholesterol, HDL, and triglycerides). We found that participants with the 
TT genotype had a lower blood cholesterol mean (3.9 mmol/L), while other 
genotypes (CC and CT) had higher mean (4.45 mmol/L and 4.5 mmol/L, 
respectively). As shown in Table 3, using ANOVA test and post-hoc Tukey HSD
analysis, we found no significant differences in blood cholesterol levels among 
the groups (F=0.2, P= 0.7). Also, there was no significant difference in HDL 
(F=1.0, P= 0.3), LDL (F=0.8, P= 0.9), or triglycerides (F=0.1, P= 0.8) among the 
groups.  

Interestingly, participants with CT genotype had a higher HDL mean (1.27 mmol/
L) compared to AA and AG genotypes (1.14 mmol/L and 1.11 mmol/L,
respectively). The student’s t test showed that participants with the CT genotype 
had a marginally significant higher blood HDL than participants of the other 
groups (t= 1.3, p= 0.09). Also, participants with the TT genotype had a relatively 
higher mean of HDL (1.28 mmol/L) compared to the CC and CT genotypes (1.20 
mmol/L and 1.21 mmol/L, respectively).  

Moreover, using ANOVA test and post-hoc Tukey HSD analysis we found no 
significant difference in systolic or diastolic blood pressure levels among the 
groups (F=1.4 P=0.2 and F= 0.3, P =0.6, respectively). The mean systolic blood 
pressure in the CC group was 117 mmHg, compared to 110 mmHg and 114 
mmHg in CC and CT groups, respectively. Student’s t test showed that the CT 

ANOVA Test 
F (P value)

Tukey HSD 
Q (P value)

CC vs TT CC vs CT TT vs CT

BMI 5.7 (P=0.003) 0.02 (P=0.8) 4.5 (P=0.004) 2.3 (P=0.22)

Cholesterol 0.2 (P=0.7) 0.7 (P=0.8) 0.3 (P=0.50) 0.9 (P=0.50)

HDL 1.0(P=0.3) 0.7 (P=0.8) 1.5 (P=0.8) 1.5 (P=0.22)

LDL 0.8(P=0.9) 05 (P= 0.8) 0.2 (P=0.8) 0.4 (P=0.8)

Triglyceride 0.1(P=0.8) 0.8 (P=0.8) 0.03 (P=0.8) 0.8 (P=0.7)

Systolic BP 1.4(P=0.2) 1.1 (P=0.6) 1.5 (P=0.4) 1.2 (P=0.3)

Diastolic BP 0.3(P=0.6) 1.0 (P=0.7) 0.2 (P=0.8) 1.2 (P=0.6)

There was a significant difference only in BMI among  the different rs4994 genotype groups 
(F=5.7, P=0.003). BMI=Body mass index, HDL= High density lipoprotein, LDL= Low Density 

lipoprotein, BP= blood pressure.  
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group had a reduced systolic blood pressure which was marginally significant 
(t=-1.6, p= 0.06). The mean diastolic blood pressure was lower in participants of 
the TT group (66 mmHg), compared to participants in the CC and CT groups (69 
mmHg). 

Discussion 

ADRB3 is involved in the regulation of thermogenesis and lipolysis in fat tissues. 
It was found to be involved in glucose and lipid metabolism, and in the 
thermogenesis process, thus directly or indirectly influencing body weight 
regulation. The missense mutation rs4994 is the most studied ADRB3 
polymorphism. Earlier studies on the role of the rs4994 polymorphism with 
obesity have been inconsistent and lacking in the Saudi population. The 
distribution of CC, TT and CT genotypes in this study population was 0.37, 0.06 
and 0.56, respectively. The frequency of the CT genotype was higher than 
observed in other populations (de Luis et al., 2007; Morcillo et al., 2008; 
Takeuchi et al., 2012). Moreover, it was higher than observed previously in 
Saudis (Abu-Amero et al., 2005).  

Our study demonstrated that the wildtype CC genotype of rs4994 was 
associated with an increased risk of obesity (OR=2.5, 95%CI=1.3467 to 4.8758, 
P-value= 0.004). The frequency of the CC genotype was higher in obese 
participants compared to non-obese ones (46.6% vs. 28.6%, respectively). 
Additionally, participants with the CC genotype showed a significantly higher 
BMI mean than participants with the CT genotype (Q=4.5, P= 0.004).  

On the other hand, the CT genotype was associated with a reduced risk of 
obesity (OR=0.4398, 95%CI=0.2338 to 0.8277, P-value=0.010). The frequency of 
this genotype was found to be high in the non-obese participants compared to 
the obese participants (67.9% vs. 44.3%, respectively). Also, participants with the 
CT genotype had a significantly lower BMI mean (p=0.004). Meanwhile the 
mutated TT genotype showed no significant effects on participants’ BMI 
(OR=2.9, 95%CI=0.7563  to  11.5759, P-value=0.11), probably due to its low 
frequency; thus, it was non-significant. It was more frequent in obese individuals 
compared to non-obese ones (9.1% vs. 3.6%, respectively). 

Our findings are consistent with earlier studies of the Brazilian population  
(Brondani et al., 2014), African-American population (McKean-Cowdin et al., 
2007), and the Tatar population (Kochetova et al., 2015). But they are contrary to 
findings in other studies (Baturin et al., 2014; Fujisawa et al., 1998; Kurokawa et 
al., 2001; Szendrei et al., 2016). This inconsistency from findings of other studies 
could be explained by different genetic backgrounds of the studied populations, 
or to lack of randomization, small sample size, and/or presence of confounding 
variables such as age or sex.     
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No significant effects of the ADRB3/rs4994 polymorphism on blood lipid profile 
or blood pressure were observed, except for the CT genotype which was 
associated with a marginally significant increase in HDL levels (t=1.3, p= 0.09) 
and significantly associated with lower systolic blood pressure (t=-1.6, p= 0.05).   

ADRB3 is believed to induce brown fat thermogenesis and thus resist obesity. 
The missense mutation of ADRB3/rs4994 results in tryptophan to arginine 
substitution in the first coding exon of the receptor (Candelore et al., 1996). The 
effect of this substitution on the function of ADRB3 is not clear. Clinical and in 
vitro studies have suggested that this mutation reduces the sensitivity of ADRB3 
to its selective and non-selective agonists (Candelore et al., 1996; Hoffstedt et 
al., 1999). In light of the current evidence, the association of wildtype rs4994 
with obesity cannot be explained. It is possible that one’s ethnic background 
alters the effect of this mutation on obesity and fat metabolism. Further studies 
are required to explore the precise mechanisms behind the association.  

In our study we had some limitations, such as small sample size and lack of 
randomization. Furthermore, the presence of confounding factors (e.g. socio-
economical status, variety of eating habits, education, sex, and marital status) 
can all affect BMI. Caution is needed when interpreting the data of this study; 
further studies are required to confirm our findings.  

Conclusion 

In conclusion, our study suggests that the mutated allele of the ADRB3/rs4994 
polymorphism may reduce the risk of obesity among Saudis. Further studies are 
needed to confirm our findings and to further explore the role of ADRB3/rs4994 
in obesity. 
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