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  Original Article  

Type 2 diabetes mellitus (T2DM) is characterized 
by hyperglycemia resulting from insulin resistance(1). 
A previous study has reported that the increased 
oxidative stress and low antioxidant were associated 
with T2DM(2). Reduced paraoxonase-1 (PON1) 
activity was observed in T2DM, as well as other 
high oxidative stress diseases such as cardiovascular 
diseases (CVDs)(3), diabetes mellitus(3), non-alcoholic 

fatty liver disease (NAFLD)(3), Alzheimer’s disease(3), 
and cancer(4).

Human serum PON1 is a 354-amino acid 
glycoprotein hydrolyzed organophosphate 
xenobiotics such as paraoxon (insecticide), nerve 
gases, carbamates, and aromatic carboxylic acid 
esters(5). PON1 is synthesized in the liver and is 
localized on high-density lipoprotein (HDL)(6). In 
vitro and in vivo studies have demonstrated that PON1 
can prevent oxidation of low-density lipoprotein 
(LDL)(7,8). This is suggesting that PON1 may play 
a critical role in the prevention of atherosclerosis(3). 
PON1 enzyme is encoded by the PON1 gene, which 
is located on chromosome 7q21.3-22.1. The PON1 
gene contains nine exons and eight introns(9). There 
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are more than 200 polymorphisms of the PON1 
gene(10). However, two common polymorphisms of 
the PON1 gene, L55M (rs854560) and Q192R (rs662) 
have been widely studied(11,12). These polymorphisms 
were found to affect the serum concentrations and 
activities of PON1(13). The paraoxonase activity is 
higher in RR genotype than in QR and QQ genotypes, 
respectively. In addition, such activity is higher 
in LL genotype than in LM and MM genotypes, 
respectively(13). Nevertheless, RR genotype is less 
effective in protecting LDL from oxidation than that 
in the QQ genotype(13).

PON1 L55M or Q192R polymorphisms have 
been found to be the independent risk factors for 
T2DM in various populations(14-18). However, the 
association between these polymorphisms and 
T2DM is still inconsistent in some studies(11,19). In 
addition, there was no association study between 
PON1 L55M, and Q192R polymorphisms and pre-
diabetes. The authors suggested that the association 
between these polymorphisms and pre-diabetes may 
predispose to early detection before the diagnosis of 
diabetes mellitus. Thus, the aim of the present study 
was to investigate the relationship between PON1 
polymorphisms and T2DM and pre-diabetes in the 
Southern Thai population.

Materials and Methods 
Subjects and sample collection

The study group included 512 individuals from 
Southern Thailand. The T2DM, impaired fasting 
glucose (IFG), and control groups consisted of 223 
unrelated type 2 diabetic patients (59 men and 164 
women), 150 pre-diabetes (50 men and 100 women), 
and 139 unrelated non-diabetic control subjects (49 
men and 90 women), respectively. The diagnosis of 
T2DM was based on the World Health Organization 
(WHO) criteria(20). T2DM was diagnosed as fasting 
glucose of 7.0 mmol/L or more (126 mg/dL) or the 
two hour glucose of 11.1 mmol/L or more (200 mg/
dL) or were treated with oral hypoglycemic agents 
or insulin. Pre-diabetes was diagnosed as fasting 
glucose of 5.6 to 6.9 mmol/L (100 to 125 mg/dL). The 
control group was healthy subjects with no diabetes, 
CVDs, and other chronic diseases. Anthropometric 
measurements, such as body mass index (BMI) and 
waist circumference (WC), were recorded from 
each participant. Systolic blood pressure (SBP) 
and diastolic blood pressure (DBP) were measured. 
Exclusion criteria for subjects included the presence 
of hepatic, thyroid, cardiac, autoimmune, and 
hematologic neoplastic diseases, or non-diabetic 

kidney disease. Written informed consent was 
obtained from all subjects before being included in 
the study. The study protocol was approved by the 
Ethics Committee of Walailak University (protocol 
no. WUEC-18-126-01). 

Laboratory analysis
Blood samples were collected from the subjects 

after 12 hours of fasting. The serum and plasma 
were separated by centrifugation at 3,000 rpm for 10 
minutes. Serum total cholesterol (TC), high-density 
lipoprotein cholesterol (HDL-C), and triglyceride 
(TG) were measured using standard enzymatic 
method. Low-density lipoprotein cholesterol (LDL-C) 
was calculated using the Friedewald formula. Fasting 
blood glucose (FBG) was measured using the glucose 
oxidase method. All tests were performed by using 
the Konelab analyzer (KONELAB 20, Tokyo, Japan).

Genotyping
DNA was extracted from blood leukocytes using 

the Genomic DNA mini kit (GeneAid Biotech Ltd., 
Taiwan) according to manufacturer’s instructions. 
The genotyping for PON1 L55M and Q192R 
polymorphisms was performed using polymerase 
chain reaction and restriction fragment length 
polymorphism (PCR-RFLP) analysis according to the 
previously reported protocol(17). All polymorphisms 
detected by PCR-RFLP were confirmed by DNA 
sequencing.

Statistical analysis
The primary outcome was to investigate 

the association of PON1 L55M, and Q192R 
polymorphisms with T2DM and pre-diabetes in 
Southern Thai subjects. Sample size was calculated 
using G*Power 3.1.9.4(21), with the alpha level of 
0.05, and statistical power of 0.95. All data were 
analyzed using SPSS Statistics software, version 
16.0 (SPSS Inc., Chicago, Ill, USA). The distribution 
of L55M and Q192R polymorphisms were tested 
for the Hardy-Weinberg equilibrium (HWE) using 
the Chi-square test. The data were tested for 
normality. Continuous variables were expressed 
as mean and standard deviation (SD). For multiple 
comparisons of means among groups, the one-way 
analysis of variance (ANOVA) followed by Tukey’s 
multiple comparison test or Kruskal-Wallis test were 
performed. Differences between the two groups were 
tested using the Student t-test for parametric factors 
and the Mann-Whitney U test for non-parametric 
factors. Binary and multivariate logistic regression 
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analyses were used to analyze the odd ratio (OR) by 
comparing allele, and genotype frequencies between 
case and control groups. Covariates including gender, 
age, and BMI were included in the multivariate model. 
A p-value of less than 0.05 was considered statistically 
significant.

Results
Clinical characteristics of T2DM patients, pre-

diabetes, and the healthy controls in the present study 
are summarized in Table 1. Age, BMI, SBP, DBP, 
TC, TG, LDL-C, and FBS levels were significantly 
higher but HDL-C was significantly lower in T2DM 
in comparison to the healthy controls (p<0.05). In 
addition, age, and FBS levels were significantly 
higher in pre-diabetes in comparison to healthy 
controls (p<0.0001). Moreover, age, BMI, SBP, DBP, 
TC, TG, LDL-C, and FBS levels were significantly 
higher, but HDL-C was significantly lower in T2DM 
patients than in pre-diabetes (p<0.05).

PON1 L55M and Q192R polymorphisms of 
T2DM patients, pre-diabetes, and healthy controls 
are shown in Table 2. Genotype frequencies of PON1 
L55M were consistent with HWE in controls, and pre-
diabetes, but not in T2DM patients. Whereas, genotype 
frequencies of PON1 Q192R were consistent with 
HWE in controls but not in T2DM, and pre-diabetes. 
PON1 Q192R polymorphism demonstrated a 
statistical difference in genotype frequencies between 
T2DM patients and healthy controls (p<0.0001). 

However, the allele and genotype frequencies of 
PON1 L55M polymorphism were not significantly 
different between T2DM patients and controls. 
Furthermore, the allele and genotype frequencies 
of PON1 L55M and Q192R polymorphisms were 
not significantly different between pre-diabetes and 
controls (Table 2).

The multiple logistic regression analysis for 
potential risk factors of T2DM is shown in Table 2. 
LM genotype was associated with an increased risk 
for T2DM compared with LL genotype after adjusting 
for age, gender, and BMI. Additionally, the analysis 
according to the recessive model demonstrated that 
RR genotype was associated with increased risk for 
T2DM when compared with QQ+QR genotypes. 
Co-dominant, dominant, and over-dominant models 
showed that QR, QR+RR, and QR genotypes were 
associated with decreased risk for T2DM when 
compared with QQ, QQ, and QQ+RR genotypes, 
respectively. Moreover, QR genotype was also 
associated with decreased risk for pre-diabetes 
compared with QQ genotype. 

The metabolic parameters in T2DM patients, 
pre-diabetes, and healthy controls according to PON1 
L55M and Q192R variants are presented in Table 3 
and 4, respectively. LM genotype was associated with 
higher BMI in comparison to LL genotype in T2DM 
patients. In contrast, LM genotype was associated 
with lower TC, and LDL-C concentrations in 
comparison to LL genotype in pre-diabetes (Table 3). 

Table 1. Clinical characteristics of patients with T2DM, pre-diabetes, and control groups in the present study

Variable T2DM (n=223)
Mean±SD

Pre-diabetes (n=150)
Mean±SD

Control (n=139)
Mean±SD

p-value

Sex: male/female 59/164a 50/100b 49/90 0.075a/0.731b

Age (years) 59.28±9.02c,d 57.17±11.64e 51.68±13.57 <0.0001

BMI (kg/m²) 26.32±4.43c,d 24.46±3.67 24.15±4.07 <0.0001

SBP (mmHg) 139.75±20.85c,d 136.39±20.14 129.41±17.93 <0.0001

DBP (mmHg) 78.26±12.89c,d 82.40±10.04 81.23±10.04 0.002

TC (mg/dL) 251.49±41.60c,d 219.99±41.60 215.41±39.23 <0.0001

TG (mg/dL) 168.85±68.35c,d 136.17±57.77 127.95±63.85 <0.0001

HDL-C (mg/dL) 49.06±25.17c,d 65.15±20.08 66.30±18.56 <0.0001

LDL-C (mg/dL) 168.66±46.62c,d 127.57±40.28 126.52±36.25 <0.0001

FBS (mg/dL) 180.52±73.74c,d 107.85±6.47e 91.20±5.48 <0.0001

T2DM=type 2 diabetes mellitus; BMI=body mass index; SBP=systolic blood pressure; DBP=diastolic blood pressure; TC=total cholesterol; 
TG=triglyceride; HDL-C=high-density lipoprotein cholesterol; LDL-C=low-density lipoprotein cholesterol; FBS=fasting blood sugar; SD=standard 
deviation
a T2DM vs. control, b pre-diabetes vs. control, p-value obtained in the chi-square test
c T2DM vs. pre-diabetes, d T2DM vs. control, e pre-diabetes vs. control, p-value obtained in the Tukey post-hoc test
p<0.05 was considered significant
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Table 2. Genotype and allele frequencies of PON1 L55M, and Q192R polymorphisms in T2DM and control groups

Control

n (%)

T2DM Pre-diabetes

n (%) p-value (χ²) Odds ratio (95% CI) p-value n (%) p-value (χ²) Odds ratio (95% CI) p-value

L55M genotype (rs854560)

LL 118 (84.89) 171 (76.68) 0.058 
(3.585)

1 135 (90.00) 0.189 
(1.726)

1

LM 21 (15.11) 52 (23.32) 1.959 (1.020 to 3.761)a 0.042 15 (10.00) 0.674 (0.314 to 1.445)a 0.310

MM 0 (0.00) 0 (0.00) 0 (0.00)

Total 139 223 150

L55M allele

L 257 (92.45) 394 (88.34) 0.074 
(3.183)

1 285 (95.00) 0.204 
(1.611)

1

M 21 (7.55) 52 (11.66) 1.615 (0.950 to 2.746)b 0.077 15 (5.00) 0.644 (0.325 to 1.276)b 0.207

Q192R genotype (rs662)

Codominant model

• QQ 40 (28.78) 100 (44.84) <0.0001 
(33.351)

1 53 (35.33) 0.144 
(3.874)

1

• QR 59 (42.45) 34 (15.25) 0.240 (0.129 to 0.448)a <0.0001 47 (31.33) 0.549 (0.303 to 0.994)a 0.048

• RR 40 (28.78) 89 (39.91) 1.019 (0.566 to 1.833)a 0.950 50 (33.33) 0.788 (0.419 to 1.481)a 0.459

• Total 139 223 150

Dominant model

• QQ 40 (28.78) 100 (44.84) 0.002 
(9.319)

1 55 (35.33) 0.154 
(2.035)

1

• QR+RR 99 (71.22) 123 (55.16) 0.541 (0.326 to 0.895)a 0.017 95 (64.67) 0.606 (0.356 to 1.032)a 0.065

Recessive model 

• QQ+QR 99 (71.22) 134 (60.09) 0.031 
(4.627)

1 102 (66.67) 0.552 
(0.354)

1

• RR 40 (28.78) 89 (39.91) 1.853 (1.108 to 3.101)a 0.019 48 (33.33) 1.029 (0.602 to 1.759)a 0.917

Overdominant model

• QQ+RR 80 (57.55) 189 (84.75) <0.0001 
(33.183)

1 103 (68.67) 0.050 
(3.836)

1

• QR 59 (42.45) 34 (15.25) 0.238 (0.136 to 0.416)a <0.0001 47 (31.33) 0.617 (0.372 to 1.022)a 0.061

Q192R allele

Q 139 (50.00) 234 (52.47) 0.518 
(0.417)

1 153 (51.00) 0.810 
(0.058)

1

R 139 (50.00) 212 (47.53) 0.906 (0.671 to 1.223)b 0.518 147 (49.00) 0.961 (0.693 to 1.332)b 0.810

T2DM=type 2 diabetes mellitus; BMI=body mass index; χ²=chi-square; CI=confidence interval
a Multivariate logistic regression analysis after adjustment for age, sex, and BMI; b Binary logistic regression analysis

Table 3. Differences in metabolic parameters in T2DM, pre-diabetes, and control groups according to PON1 L55M genotype

Variable T2DM; mean±SD Pre-diabetes; mean±SD Control; mean±SD

LL LM p-value LL LM p-value LL LM p-value

No. of patients 171 52 135 15 118 21

Age (years) 59.41±8.94 58.85±9.33 0.709 57.70±11.62 52.40±11.02 0.073 52.20±13.24 48.71±15.30 0.279

BMI (kg/m²) 26.05±4.31 27.21±4.73 0.027 24.40±3.66 25.01±3.87 0.339 24.23±4.26 23.69±2.83 0.861

SBP (mmHg) 140.60±21.09 136.94±19.99 0.269 136.77±20.55 133.00±16.24 0.799 130.01±17.93 126.10±17.99 0.264

DBP (mmHg) 78.96±13.11 75.98±11.97 0.154 82.28±10.18 83.47±8.90 0.665 81.45±10.36 80.05±10.93 0.573

TC (mg/dL) 253.74±43.17 244.08±35.33 0.199 222.63±41.09 196.20±39.75 0.024 215.81±40.35 213.14±32.96 0.775

TG (mg/dL) 171.35±70.86 160.62±59.24 0.442 137.97±58.49 119.93±49.57 0.250 125.85±64.38 139.76±60.94 0.212

HDL-C (mg/dL) 49.25±28.02 48.46±11.84 0.407 65.12±20.29 65.47±18.76 0.829 66.14±18.73 67.19±17.99 0.813

LDL-C (mg/dL) 170.23±49.79 163.49±34.08 0.114 129.90±40.60 106.67±31.19 0.034 124.50±36.53 118.00±34.95 0.451

FBS (mg/dL) 180.89±73.44 179.33±75.42 0.543 107.92±6.55 107.27±5.87 0.712 91.35±5.42 90.38±5.88 0.492

T2DM=type 2 diabetes mellitus; BMI=body mass index; SBP=systolic blood pressure; DBP=diastolic blood pressure; TC=total cholesterol; 
TG=triglyceride; HDL-C=high-density lipoprotein cholesterol; LDL-C=low-density lipoprotein cholesterol; FBS=fasting blood sugar; SD=standard 
deviation
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In addition, QR genotype had significantly lower 
DBP than QQ genotype, as well as, RR genotype 
had significantly lower FBS than QR genotype in 
pre-diabetes (Table 4). 

Discussion 
In Southern Thailand, only the association 

between APOE, and CETP polymorphisms with 
T2DM was studied(22). In the present study, the authors 
further investigated the association between PON1 
L55M, and Q192R polymorphisms with T2DM and 
pre-diabetes in Southern Thai population. The authors 
found that the minor allele frequencies (MAFs) of 
55M were 5.00% to 11.66%. These findings were 
similar to previous reports in Asian populations in 
Korea (5.8%)(12), Thailand (5%)(12), Japan (5.9%)(11), 
and China (4.6% to 5.8%)(11). Higher MAFs of 55M 
were observed in some Asian populations in Iran 
(41%)(12), Pakistan (21.7%)(12), in European populations 
in Austria (35.6%)(12), U.K. (37%)(12), Netherlands 
(37.3%)(12), Germany (36%)(12), Italy (39.9%)(12), 
Poland (36%)(12), Spain (37.4%)(12), and Switzerland 
(33.4%)(12), and in populations in U.S.A. (36.3%)(12), 
and Canada (36%)(12). In addition, the MAFs of 
Q192R in the present study were 47.53% to 50.00%. 
The present results were similar to Asian population 
in China (40.9% to 75%)(11). Higher MAFs of Q192R 
were observed in some Asian populations in Japan 
(68.8% to 73.6%)(11) and Thailand (61%)(11), but lower 
MAFs of Q192R were observed in Asian populations 
in another study in Thailand (29%)(12), and India (26% 
to 39.2%)(11), in European populations in U.K. (26.3% 
to 32.7%), Germany (25.2% to 28%), France (37.5%), 
and Italy (36.2%)(11), as well as in population in 
Canada (24%)(11). The authors suggest that the 
difference of MAFs of L55M and Q192R poly-
morphisms among various studies may be due to the 
differences of ethnicities, and the number of study 
subjects.

The present study showed that PON1 L55M 
was associated with T2DM but not pre-diabetes 
after adjusting for age, gender, and BMI. The present 
findings were similar to some previous studies in 
which PON1 L55M was associated with T2DM in 
the South Indian(14), Pakistani(15), and South Iranian(16) 
populations. In contrast, there was no significant 
association of the PON1 L55M polymorphism with 
T2DM in the Asian populations under all genetic 
models. In addition, the 55M allele showed the 
significant protective effects on T2DM under the 
heterozygous and dominant genetic models in the 
European population(11). The present study also Ta
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showed that recessive model (RR) was associated 
with increased risk for T2DM. Whereas, co-dominant 
(QR), dominant (QR+RR), and over-dominant (QR) 
models of Q192R were associated with decreased 
risk for T2DM, respectively. Codominant (QR) 
was also associated with decreased risk for pre-
diabetes. Suggesting that, QR genotype may have a 
strongly protective effect against T2DM in the study 
population. The present results were similar to study 
in South Indian(14) that RR genotype was associated 
with T2DM. Moreover, PON1 Q192R polymorphism 
was found associated with T2DM in South Asian 
and East Asian populations in a meta-analysis(11). In 
addition, PON1 Q192R under a heterozygous genetic 
model demonstrated protective effect for T2DM in the 
meta-analysis in European population(11). However, 
there was no association between PON1 Q192R or 
L55M polymorphisms and T2DM in South Iranian(16), 
Iranian(17), Turkish(18), and Japanese(19) populations. 
Similarly, PON1 Q192R polymorphism was not 
associated with T2DM in European populations under 
the allelic, homozygous, recessive, and dominant 
genetic models in the meta-analysis(11). Suggesting 
that, the inconsistent results between PON1 L55M and 
Q192R polymorphisms and T2DM may result from 
the different ethnicities among various populations. 

The possible explanation for the effect of PON1 
polymorphisms on the development of T2DM may be 
related to the antioxidant activity of PON1. Previous 
study has shown that paraoxonase activity was 
increased in the following order of PON1 genotypes 
(MM<LM<LL and QQ<QR<RR) in ACS patients 
and healthy subjects(23). However, the antioxidant 
activity on prevention of HDL and LDL oxidation was 
decreased in the following order of PON1 genotypes 
(QQ>QR>RR), with almost no antioxidant activity 
for RR genotype(13). Suggesting that, decreased 
antioxidant activity of PON1 may accelerate insulin 
resistance and T2DM. Previous study supported that 
PON1 MM, and RR carriers had higher HOMA-IR 
than PON1 L/Q allele carriers(14). Moreover, an in vivo 
study also showed that PON1 knockout mice, fed with 
high fat diet developed insulin resistance(24). PON1 
was found to enhance GLUT4 mRNA expression, 
increase GLUT4 protein, glucose uptake, and cellular 
glycogen accumulation in muscle in mice fed with 
high fat diet(24).

Nevertheless, another study demonstrated that the 
RR genotype significantly retarded the oxidation of 
LDL compared to the QQ genotype(25). This suggested 
that the relationships between PON1 antioxidant 
activity and its protection for HDL or LDL oxidation 

may be modulated by other environmental factors e.g., 
smoking, obesity, metabolic status, oxidative stress 
status, and, aging. A previous study demonstrated 
that PON1 protective effect seemed to be blunted 
with advancing age(26). Another study showed that 
PON-para over HDL and PON-aryl over HDL were 
negatively correlated with age in the QR+RR group(27). 
This could suggest that the presence of R allele 
may potentiate the effect of age on susceptibility to 
CVD in T2DM(28). Thus, this may partly lead to the 
inconsistency results of the relationship between 
PON1 L55M and Q192R polymorphisms and T2DM. 

In the present study, only LM genotype was 
associated with lower TC, and LDL-C levels in 
comparison to LL genotype in the pre-diabetes group. 
In addition, QR genotype had significantly lower 
DBP than QQ genotype, as well as, RR genotype had 
significantly lower FBS than QR genotype in the pre-
diabetes group. Whereas, there were no association 
between PON1 L55M, and Q192R polymorphisms 
and lipid profiles in the control and the T2DM groups. 
The present results were similar to other studies 
in which there was no association between PON1 
L55M, and Q192R polymorphisms and lipid levels in 
healthy subjects in Mexican(28), as well as, in patients 
with coronary artery disease (CAD) in populations 
in Germany(29), U.S.A.(30), and Switzerland(31). In 
contrast, PON1 QQ and RR genotypes were found 
associated with highest and lowest values of HDL-C, 
respectively in healthy Mexican men(32). In addition, 
the relationship between the PON1 RR genotype and 
reduced HDL-C and higher LDL-C concentrations 
was also observed in Brazilian population(33). 
Moreover, QR and RR genotypes were associated 
with higher levels of TC, and TG compared with QQ 
genotype in South Indian population(14). Other studies 
have also shown that PON1 QR or RR genotypes were 
associated with higher serum TG levels compared 
with QQ genotype in acute coronary syndrome 
(ACS) patients in North African(23), healthy Chinese 
subjects in Singapore(34), CAD patients in Italy(35), 
and Canadian populations(36). For PON1 L55M 
polymorphism, PON1 LL genotype was associated 
with the lower LDL-C levels when compared to 
PON1 LM genotype in Mexican men(32). Whereas, 
PON1 MM genotype was associated with higher TG 
and VLDL levels when compared to LL genotype in 
South Indian population(14). In contrast, PON1 MM 
genotype was associated with lower TG and higher 
TC and LDL-C levels in Brazilian population(37). 
Fewer studies have analyzed the relationship of 
PON1 L55M, and Q192R polymorphisms and 
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blood pressure. PON1 RR, and MM genotypes 
showed lower SBP, and DBP in CAD patients(38) 
and healthy subjects, respectively(39). Whereas, SBP, 
and DBP were not significantly different among 
Q192R genotypes in essential hypertensive men(40), 
and in subjects in the Lipoprotein and Coronary 
Atherosclerosis Study (LCAS)(30). The mechanisms in 
which PON1 polymorphisms affect the blood pressure 
and lipid levels were still unclear. The authors suggest 
that the inconsistent results between PON1 L55M 
or Q192R polymorphisms and blood pressure, and 
serum lipids may result from several factors e.g., age, 
gender, BMI, ethnicity, smoking, exercise, alcohol 
consumption, dietary fat, drug therapy, gene-gene 
interaction, gene-environmental interaction, diabetes 
complications in the study subjects, and the number 
of the study subjects.

The limitations of the present study result 
from a small sample size and a higher proportion 
of female than male. In addition, other biochemical 
parameters e.g., HbA1c, paraoxonase activity and 
insulin resistance parameters, as well as other PON1 
polymorphisms were not determined. The authors 
suggested that PON1 L55M, and Q192R may have 
linkage disequilibrium with other polymorphisms, 
which may susceptible to T2DM. Further study in the 
larger sample size should be performed to confirm 
the present results.

Conclusion
PON1 LM and RR genotypes may be genetic 

risk factors for developing T2DM but QR genotype 
may protect T2DM, and pre-diabetes in Southern 
Thai population. In addition, these polymorphisms 
were not associated with serum lipids in control and 
T2DM groups. 

What is already known on this topic?
PON1 L55M or Q192R polymorphisms have 

been found to be the independent risk factors 
for T2DM in various populations. However, the 
association between these polymorphisms and T2DM 
is still inconsistent in some studies. 

What this study adds?
This study investigated the relationship between 

PON1 polymorphisms and T2DM and pre-diabetes 
in Southern Thai population. Our results showed that 
PON1 Q192R polymorphism showed a statistical 
difference in genotype frequencies between T2DM 
patients and healthy controls. Moreover, multiple 
logistic regression analyses showed that LM and RR 

genotypes increased risk for T2DM compared with 
LL and QQ+QR genotypes. Whereas, QR genotype 
was associated with decreased risk for T2DM, and 
pre-diabetes. 
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