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Abstract: Background: The paraoxonase 1 (PON1) gene polymorphism Q192R has been found to be consistent 
with multiple metabolic diseases comprising type 2 diabetes mellitus (T2DM). The R allele has been found to be 
associated with coronary artery disease and gestational diabetes in a Saudi population. Therefore, we attempted to 
determine the association between Q192R and T2DM in a Saudi population. Materials and methods: Eight hundred 
subjects were enrolled in this case-control study, including T2DM patients (n = 400) and control individuals (n = 
400). Epidemiological, clinical, and Q192R genotype data were obtained from all the subjects included in this study. 
Genotyping was performed by PCR-RFLP analysis followed by 2.5% agarose gel electrophoresis. Results: The clinical 
characteristics and metabolic variables were significantly higher in T2DM compared with controls, and also with 
allele and genotype frequencies [R vs. Q: odds ratio (OR), 1.659; 95% confidence interval (95% CI), 1.344-2.048; 
P = 0.0002; RR vs. QQ; OR, 2.1; 95% CI, 1.3-3.2; P = 0.001; QR+RR vs. QQ; OR, 2.101; 95% CI, 1.583-2.788; P = 
0.0002)]. Multiple regression analysis showed positive correlation of lipid profile with genotype (P < 0.05). Conclu-
sion: The present findings provide robust evidence of PON1 Q192R polymorphism being associated with T2DM in 
a Saudi population.
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Introduction

Type 2 diabetes mellitus (T2DM) is generally 
recognized as a multi-factorial disease charac-
terized by insulin resistance and reduced glu-
cose-stimulated insulin secretion [1]. This dis-
ease is the result of exposure to both genetic 
and environmental risk factors, particularly 
western lifestyle. The disease pathogenesis 
involves a combination of β-cell insufficiency 
and insulin resistance [2]. Genome-wide asso-
ciation studies have identified new genetic vari-
ants with reproducible associations with sus-
ceptibility to T2DM, the majority of which were 
found in genes that have not even been consid-

ered as candidate genes [3]. Paraoxonase 1 
(PON1) is a calcium-dependent esterase that 
catalyzes reactive oxygen species produced 
under oxidative stress during atherogenesis 
and contributes to the prevention of low-density 
lipoprotein (LDL) from oxidation. This enzyme 
also hydrolyzes the active metabolite of an 
insecticide, parathion [4, 5]. PON1 maps to 
human chromosome 7q21-22, and several poly-
morphisms in the promoter and coding regions 
have been identified. It contains a coding region 
polymorphism at position 192 (glutamine [Q] to 
arginine [R] substitution) [6]. PON1 activity is 
reduced in high oxidative stress diseases such 
as coronary heart disease (CHD), dyslipidemia, 
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inflammatory processes, diabetes, gestational 
diabetes mellitus (GDM), and certain neuropa-
thies [3, 7, 8]. Several prospective studies have 
shown that low PON1 activity is an independent 
risk factor for new coronary events, indepen-
dent of all other risk factors, including high-
density lipoprotein (HDL) [9]. In earlier studies 
from Saudi Arabia, PON1 was found to be asso-
ciated with GDM [3] and coronary artery dis-
ease (CAD) [10]. In the present study, PON1 
polymorphism Q192R was studied in the same 
population. The aim of this study was to evalu-
ate, for the first time, allele and genotype fre-
quencies of Q192R polymorphism in PON1 in 
relation with T2DM in a Saudi population. 

Materials and methods

Ethics statement

This study was approved by the institutional 
review board at the King Khalid University 
Hospitals, King Saud University, Riyadh, King- 
dom of Saudi Arabia. Written informed consent 
was obtained from all the participants of the 
study. 

Selection of subjects

In this case control study, 800 subjects were 
recruited. Four hundred subjects were diag-
nosed with T2DM and had been monitored for 

meters), waist circumference (in centimeters), 
hip circumference (in centimeters), systolic 
blood pressure (SBP) (mmHg), and diastolic 
blood pressure (DBP) (mmHg) were calculated 
as mentioned in our earlier publication [12]. 
Body mass index (BMI) was calculated as 
weight/height2 (kg/m2). Subjects with a BMI ≥ 
25 kg/m2 were considered overweight and 
those with a BMI ≥ 30 kg/m2 as obese. Clinical 
details of all the subjects were recorded, and 
subjects were classified as T2DM patients and 
healthy controls. The blood pressure of the sub-
jects was measured in a sitting position, and 
the mean of 2 readings, 30 min apart, was 
taken. Hypertension was defined as mean SBP 
of 140 mmHg and/or a DBP of 90 mmHg.

Biochemical analysis

Plasma glucose samples were collected from 
all the subjects after overnight fasting for at 
least 12 h. Fasting blood sugar (FBS), and lipid 
profile, comprising total cholesterol (TC), triglyc-
erides (TG), HDL cholesterol (HDL-C), and LDL 
cholesterol (LDL-C), were measured. Insulin 
resistance index [homeostasis model assess-
ment-Insulin resistance (HOMA-IR)] was calcu-
lated as fasting insulin (mU/L) × fasting plasma 
glucose (mmol/L)/22.5, and β-cell function 
(HOMA-β) was calculated as fasting insulin × 

Table 1. Clinical characteristics of T2DM patients and con-
trol subjects in a Saudi population

T2DM  
(n = 400)

Controls  
(n = 400) P

Age (Years) 53.6±10.8 46.0±7.7 < 0.001
Sex: Male/Female 232/168 211/189 0.13
Body mass index (kg/m2) 30.7±6.3 29.2±5.5 0.001
Waist (cms) 94.5±22.2 91.6±19.9 0.02
Hip (cms) 110.8±18.2 101.4±7.8 0.001
SBP (mmHg) 124.3±11.2 114.9±7.7 < 0.001
DBP (mmHg) 78.4±6.9 75.6±6.0 < 0.001
FBS (mmol/L) 12.9±4.6 5.2±0.6 < 0.001
Triglycerides (mmol/L) 2.2±1.2 1.6±0.8 < 0.001
Cholesterol (mmol/L) 5.6±1.2 5.1±1.0 < 0.001
HDL- cholesterol (mmol/L) 0.8±0.4 0.6±0.2 < 0.001
LDL- cholesterol (mmol/L) 3.8±1.0 3.6±0.8 0.18
Glucose (mmol/L) 9.4±1.5 8.7±1.8 0.001
Insulin (µU/mL) 16.2±2.2 12.3±1.7 0.006
Homa-IR 7.1±2.4 2.8±1.7 < 0.0001
Family History 354 (88.5%) 210 (52.5%) < 0.0001

a minimum of 6 years after diagno-
sis. Four hundred healthy control par-
ticipants were selected from the gen-
eral Saudi population. The details of 
the selection of all the subjects were 
included in an earlier publication 
[11].

Blood sampling

Venous blood samples (5 mL) were 
obtained from all the subjects. Serum 
samples (3 mL each) were collected 
in plain vacutainers and used to me- 
asure the biochemical profile, and 
blood-EDTA samples (2 mL) were us- 
ed for studying genotype and allele 
frequencies of the Q192R polymor- 
phism.

Clinical analysis

Anthropometric parameters, includ-
ing, weight (in kilograms), height (in 
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20/(fasting plasma glucose-3.5), as described 
previously [13].

Genetic analysis

Genomic DNA was extracted from peripher- 
al blood leukocytes using the Norgen DNA 
extraction kit (Norgen Biotek Corp, Canada). 
DNA samples were stored at -80°C. Genotyp- 
ing of the Q192R (rs662) polymorphism was 
performed by polymerase chain reaction (PCR) 
using the Norgen 2 × master mix, followed  
by restriction fragment length polymorphism 
(RFLP) analysis. PCR amplification of Q192R 
polymorphisms of the PON1 gene was perfo- 
rmed with the primers described by Al-Hakeem 
[3]. PCR amplification of Q192R polymorphism  
was carried out in 20-μL reactions, each con-
taining 75 ng of genomic DNA (1.0 μL), 15.0 μL 
of 2× Norgen master mix, 1.0 μL of both for-
ward and reverse primers, and 2.0 μL of sterile 
water. Thermal cycling was as follows: DNA 
denaturation at 95°C for 5 min; 35 cycles of 
95°C for 30 s, 58°C for 30 s, 72°C for 45 s;  
and a final extension at 72°C for 5 min. The 
PCR products were digested by restriction 
endonuclease MboI (G↓ATC) at 37°C for 4 h  
and analyzed by 2.5% agarose gel electro- 
phoresis.

Statistical analysis

The expected and observed frequencies of cat-
egorical variables were measured at a signifi-
cance threshold of P < 0.05 (two-tailed), and 
data were analyzed by using a statistical soft-
ware package, SPSS version 19.0 (IBM Corp., 
Chicago, IL, USA). Genotype frequency differ-
ence between T2DM patients and control sub-
jects were tested by the chi-square test. Odds 

regression was used to test for association of 
disease severity and genotypes, assessing 
independence from potential confounders [10]. 
OR and 95% CI values were calculated to esti-
mate the strength of the association between 
polymorphisms and T2DM.

Results

Participant characteristics

Basic demographic and clinical characteristics 
of the T2DM cases and control subjects are 
provided in Table 1. The mean age was 53.6 
years for T2DM patients and 46.0 years for the 
control group. There was a significant differ-
ence in age, BMI, waist circumference, hip cir-
cumference, SBP, DBP, FBS, TC, TG, and HDL-C 
between the T2DM patients and healthy con-
trols. HOMA-IR was found to be significantly 
associated with T2DM (P < 0.0001). Sex and 
LDL-C were not found to be associated (P > 
0.05). In this study, 88.5% of the T2DM cases 
had a family history of T2DM; however, only 
52.5% of the control group had a family history 
of T2DM.

Molecular analysis of Q192R polymorphism

Distribution of alleles and genotype frequen-
cies of Q192R polymorphism in T2DM patients 
and healthy controls fulfilled the Hardy-Wei- 
nberg equilibrium (χ2 = 9.9; P = 0.23). The gen-
otype and allele distribution of Q192R polymor-
phism is concisely presented in Table 2. The 
frequencies of Q192R genotypes were as follo- 
ws: QQ (37.25%), QR (48.25%), and RR (14.5%) 
in patients and QQ (55.5%), QR (34%), and RR 
(10.5%) in control individuals. The genotype dis-
tribution between the T2DM patients and he- 

Table 2. Genotype and allele distribution of Q192R polymorphism in 
T2DM patients and control subjects

rs662 (Q192R) T2DM Cases 
(n = 400)

Controls  
(n = 400) X2 Odds ratio 

(95% CI) p valuea

Genotype and allele N (%) N (%)
QQ 149 (37.25) 222 (55.5) - 1.0 0.0
QR 193 (48.25) 136 (34) 23.8 2.1 (1.5-2.8) 0.0001
RR 58 (14.5) 42 (10.5) 10.1 2.0 (1.3-3.2) 0.001
QR+RR 251 (62.75) 178 (44.5) 26.7 2.1 (1.5-2.7) 0.0002
Q 491 (0.61) 580 (0.725)
R 309 (0.39) 220 (0.275) 22.3 1.6 (1.3-2.0) 0.0002
aChi-square p value.

ratios (ORs) and 95% con- 
fidence interval (95% CI) 
were calculated by binomi-
al logistic regression for the 
allele, genotype, and haplo-
type frequencies, and dep- 
artures from Hardy-Wein- 
berg equilibrium were iden-
tified. The data for 3 or 
more independent groups 
were analyzed by one- 
way analysis of variance 
(ANOVA). P < 0.05 was used 
as the criterion of signifi-
cance. Multinomial logistic 
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althy controls were significantly different (P < 
0.05). The frequency of the R allele in T2DM 
patients was higher in control subjects (OR, 
1.6; 95% CI, 1.3-2.0; P = 0.0002). There was a 
significant difference between RR vs. QQ (OR, 
2.0; 95% CI, 1.3-3.2; P = 0.001) and QR+RR vs. 
QQ genotypes (OR, 2.1; 95% CI, 1.5-2.7; P = 
0.0002) between the cases and controls. The 
co-dominant model (RR vs. QR+QQ) was found 
to yield the same result with risk of T2DM (OR, 
1.4; 95% CI, 0.9-2.2; P = 0.08).

Multiple logistic regression analysis

The association of Q192R polymorphism with 
T2DM risk was further tested by multiple logis-
tic regression analysis for its independence 
from other risk factors (Table 3). Lipid profile 

features such as TG, TC, LDL-C, and HDL-C were 
found to be associated with T2DM risk (P < 
0.05). Association of QR (OR, 3.8; 95% CI, 1.4-
3.7; P = 0.0001) and RR (OR, 2.6; 95% CI, 1.2-
3.6; P = 0.0001) genotypes with T2DM risk 
remained significant even after accounting for 
these risk factors.

Characteristics of genotype distribution

The distribution of clinical and anthropometric 
parameters based on the QQ, QR, and RR geno-
types of the Q192R polymorphism was also 
analyzed to study the effects of this polymor-
phism on such parameters. BMI, sex, waist cir-
cumference, and TG values were found to be 
significantly associated (P < 0.05) when com-
pared with the 3 different genotypes, namely, 

Table 3. Multiple logistic regression analysis association of the Q192R polymorphism with T2DM risk
Parameters β SE ORs (95% CI) p-value
Age -0.0096 0.017 1.0 (0.95-1.0) 0.58
Gender (Male vs. Female) 0.185 0.36 1.20 (0.59-2.45) 0.61
BMI 0.0072 0.028 1.0 (0.95-1.0) 0.80
SBP 0.0019 0.015 1.0 (0.97-1.0) 0.90
DBP 0.012 0.025 1.0 (0.96-1.0) 0.63
FBS -0.042 0.040 0.95 (0.88-1.0) 0.29
TG -593.3 44.0 < 0.0001 (< 0.0001-< 0.0001) < 0.0001
TC 1305.0 96.8 < 0.0001 (< 0.0001-< 0.0001) < 0.0001
HDLC 0.42 0.17 1.42 (1.1-2.0) 0.04
LDLC -1304 96.8 < 0.0001 (< 0.0001-< 0.0001) < 0.0001
Q192R polymorphism
    QR 0.15 0.36 3.85 (1.4-3.7) 0.0001
    RR 0.48 0.51 2.61 (1.2-3.6) 0.0001
A p value significant at < 0.05, β coefficient, SE Standard error, *Reference to QQ genotype. 

Table 4. Distribution of patient characteristics according to Q192R genotypes
QQ (n = 149) QR (n = 193) RR (n = 58) P

Age (Years) 54.2±10.7 53.0±10.8 53.5±11.0 0.96
Body mass index (kg/m2) 29.4±6.6 29.5±4.8 30.1±5.4 0.0001
Sex: Male/Female 101 (67.8)/48 (32.2) 102 (52.8)/91 (47.2) 28 (48.2)/30 (51.8) 0.001
SBP (mmHg) 123.1±12.1 124.1±10.5 126.1±11.0 0.22
DBP (mmHg) 78.1±6.4 79.1±7.6 78.1±6.4 0.35
Waist (cms) 93.1±22.1 96.3±23.7 94.3.±20.8 0.42
Hips (cms) 110.1±6.1 112.6±6.2 110.1±6.1 0.003
FBS (mmol/L) 12.7±5.0 13.1±4.4 12.9±4.3 0.58
TG (mmol/L) 2.1±1.1 2.6±1.3 2.2±1.2 0.005
TC (mmol/L) 5.0±0.9 5.1±1.0 4.9±0.9 0.32
HDL-C (mmol/L) 0.6±0.2 0.6±0.2 0.6±0.2 1.0
LDL-C (mmol/L) 3.6±0.8 3.7±0.8 3.6±0.9 0.47
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QQ, QR, and RR. BMI was found to be high in 
the QR genotype (P < 0.05), whereas sex, hip 
circumference, and TG were found to be high in 
RR genotypes (P < 0.05) (Table 4).

Discussion

Diabetes is a risk factor for cardiovascular dis-
eases, associated micro- and macrovascular 
complications include retinopathy, neuropathy, 
nephropathy, CAD, cerebrovascular disease, 
and peripheral vascular disease, leading to 
death in the diabetic population [14]. The aims 
of this study were to investigate the association 
between the PON1 polymorphism Q192R and 
T2DM in a Saudi population and to discuss this 
association with regard to clinical and biochem-
ical factors. To the best of our knowledge, this 
is the first study to investigate the association 
of the Q192R polymorphism and T2DM in a 
Saudi population. Several studies have shown 
conflicting results regarding the association 
between specific biomarkers and the predic-
tion of T2DM. Genetic polymorphisms that cor-
relate with specific phenotypes can sometimes 
be associated with the development of human 
diseases in different ethnic groups [15].

PON1 was first investigated for its ability to 
hydrolyze highly toxic oxon forms of the organo-
phosphorus pesticides parathion, chlorpyrifos, 
and diazinon, as well as the nerve agent’s sarin 
and soman [16]. PON1 is a 26,857-bp gene 
with 9 exons, localized on chromosome 7q21.3 
(gene ID: 5444), along with PON2 and PON3, 
which share ~65% similarity at the amino acid 
level [17]. It encodes a glycoprotein located on 
the surface of HDLs and plays a pivotal role in 
preventing LDL oxidation [18]. The enzyme 
PON1 present in the serum of mammals is 
responsible for resistance to organophosphate 
toxicity [19]. Q192R is a common polymorphism 
wherein glutamine is substituted by arginine, 
affecting the hydrolytic activity of PON1 isoen-
zymes with respect to certain substrates, such 
as paraoxon and lipid peroxides [14]. The analy-
sis of PON1 192QR polymorphism has revealed 
that the high-activity allele (R) is associated 
with a more atherogenic lipid profile than the 
low-activity allele (Q). In the present study, the 
PON1 192R allele frequency in T2DM patients 
was found to be higher when compared with 
control subjects (P < 0.0001).

There are different reports on the distribution 
of alleles Q and R with regard to wild and mutant 

allele states in various ethnic populations. The 
present control subjects with Q and R alleles 
were similar with Saudi subjects with CAD and 
GDM [3, 10]; the control subjects were closer 
with Caucasians [16, 20, 21], Asian Indians 
[22], Turks [23], and Egyptians [24], but dif-
fered from Japanese [25, 26], Chinese [18], 
and Hispanic [27] populations where the R 
allele was predominant. Importantly, Q and R 
allele distributions observed in this study con-
firm a previous, independent study carried out 
in a Saudi population, where the phenotypic 
frequencies (paraoxonase/arylesterase activity 
ratio) suggested that the low-activity pheno-
type (Q allele) was the major allele and the high-
activity phenotype (R allele) the minor allele 
[28]. However, we did not find the common 
associations with the alleles in the case of sub-
jects with different diseases.

Thus far, no meta-analyses have been carried 
out on T2DM with regard to Q192R polymor-
phisms. However, limited meta-analysis studies 
have been carried out with different diseases, 
and among them, stroke was positively associ-
ated according to Banerjee [29] and negatively 
associated according to Dahabreh [30]. Alzhei- 
mer disease, breast cancer, and Parkinson dis-
ease have not shown any such positive associ-
ation [31-33]. Two meta-analyses on CHD dif-
fered with regard to statistical association [34, 
35]. Lescai et al [36] conclude a positive asso-
ciation with the longevity gene. From all the 
meta-analysis studies, stroke and cardiovascu-
lar events were found to be significantly associ-
ated with specific alleles. PON1 inhibits the per-
oxidation of LDL and it is the main antioxidant 
enzyme of HDL and it. The earlier studies have 
been correlated the Q192R polymorphism with 
the lipid levels in T2DM subjects. The lipid pro-
files were significantly associated with [37, 38] 
and without [39, 40] Q192R polymorphisms in 
T2DM subjects and our results is also accor-
dance with the significantly associated stu- 
dies.

The present study had several limitations. First, 
this was a case-control study, where casual 
associations can be frequent when the sample 
size is relatively small for the association analy-
sis of complex diseases with genetic variants of 
multifactorial traits. Secondly, this case-control 
study was not age-matched (P < 0.001), but 
sex-matched (P = 0.13). Third, these results 
should be interpreted with caution because the 
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population was only from Saudi Arabia, which 
increases the possibility of confounding due to 
ethnicity. We have opted only the single snip, 
which could be our fourth limitation of our 
study. Therefore, the present findings might not 
be extrapolated to other ethnic groups. Finally, 
paraoxonase levels were not measured. 

This study found an association between T2DM 
risk and the Q192R polymorphism in Saudi sub-
jects. Further studies using next-generation 
sequencing of exomes and targeted genes 
could be employed for identifying the genetic 
modifiers proposed from the findings of this 
study and previous studies. Molecular and 
genetic studies in different populations with 
larger sample sizes evaluating additional PON1 
polymorphisms, haplotypes, and importantly, 
PON1 activity, may comprehensively provide 
the role of genotype and phenotype applica-
tions in determining and predicting T2DM risk 
in this population.
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