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Abstract The purpose of this study was to investigate the

effects of mEPHX1 polymorphisms on risk of type 2 dia-

betes mellitus (T2DM) and insulin resistance (IR). One

hundred and twelve patients with the diagnosis of T2DM

and 150 control subjects were enrolled in the study. We

investigated the two polymorphisms of the mEPHX1 gene

(exon 3 Tyr113His and exon 4 His139Arg) using PCR–

RFLP. Among diabetics, the frequencies obtained for the

exon 3 mEPHX1 Tyr113 and His113 alleles were 46.9 and

53.1 %, respectively. In the control group, the frequencies

were 70.7 and 29.3 %, respectively (P = 0.0001,

OR = 2.73, 95 % CI = 1.9–3.91). The prevalence of

mEPHX1 exon 3 Tyr/His and His/His was statistically

significant (P = 0.004; 0.0001, respectively) when com-

pared with the mEPHX1 exon 3 Tyr/Tyr homozygous

carriers in both T2DM patients and in controls. We found

that the His113 allele carriers had higher fasting insulin

level, HOMA-IR, b cell activity, and lower insulin sensi-

tivity compared to the wild type (P = 0.0001, 0.029,

0.0001, and 0.001, respectively). In contrast, there was no

significant difference in exon 4 polymorphisms between

patients and controls. However, our data revealed that the

His139/His139 genotype carriers had higher fasting insulin

level, and lower insulin sensitivity compared to Arg139

allele carriers (P = 0.02, and 0.001, respectively). Our

study has shown for the first time that minor Tyr113 allele

of mEPHX1 polymorphism had a higher risk of T2DM and

IR occurrence with lower insulin sensitivity, while

mEPHX1 exon 4 polymorphism had no significant asso-

ciation with T2DM and IR.

Keywords Type 2 diabetes � Insulin resistance �
mEPHX1 � Polymorphism � PCR–RFLP

Introduction

The prevalence of diabetes is high and it is associated with

high rates of morbidity and mortality. By the year 2030, an

estimated 350 million individuals worldwide will suffer

from diabetes [1]. Type 2 diabetes mellitus (T2DM), which

accounts for more than 90 % of diabetes worldwide, is a

common, complex, chronic disease with rapidly growing

global importance [2]. Identifying high-risk groups will

likely allow for effective prevention and treatment and is a

topic of great interest in diabetic research [3]. There are

strong evidences that genetic and environmental factors

jointly determine its susceptibility [4].

T2DM is characterized by insulin resistance and pan-

creatic B-cell dysfunction [5]. The homeostasis model

assessment of insulin resistance (HOMA-IR), which is

developed for application in large epidemiologic investi-

gations [6], is an alternative to the glucose clamp and the

most commonly used surrogate measure of insulin resis-

tance in vivo. Using HOMA-IR makes it possible to study a

large number of subjects and with a single glucose and

insulin measurement in the fasting state [7]. HOMA can be

used to assess changes in B-cell function and IR in patients

with diabetes to examine the natural history of diabetes and

to assess the effects of treatment [8]. HOMA can be used to

track changes in insulin sensitivity and B-cell function in
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individuals to indicate whether reduced insulin sensitivity

or B-cell failure predominates. The computer model can be

used to determine insulin sensitivity (%S) and B-cell

function (%B) from paired fasting plasma glucose and

insulin data [9].

Microsomal epoxide hydrolase (mEPHX, EC 3.3.2.3), is

an enzyme involved in the first-pass metabolism of epoxide

intermediates, has received particular attention as two

functional variants of the gene, which confer slow and fast

metabolic activity, have been identified [9]. The human

mEPHX gene is localized to the long arm of chromosome

1p11 [10], and two common aberrant alleles can be

detected, which confer slow and fast enzyme activity [9].

An exon-3 thymine (T) to cytosine (C) polymorphism

changes tyrosine residue 113 to histidine, and enzyme

activity is reduced by C50 % (slow allele). The second

mutation, an adenine (A) to guanine (G) transition in exon

4 of the gene, changes histidine residue 139 to arginine,

and produces an enzyme with an activity increased by

C25 % (fast allele) [11, 12].

While recent evidence suggests that genetic variability

in xenobiotic-metabolizing enzymes, such as glutathione S

transferases (GSTs), CYP1A1, and CYP2J2, play a role in

T2DM development [13–16], no study has examined the

effect of the mEPHX1 exon 3 (Tyr113His) and exon 4

(His139Arg) polymorphisms on risk of T2DM. The pur-

pose of this study was to investigate the effects of

mEPHX1 polymorphisms on risk of T2DM based on case–

control study and to determine whether mEPHX1 gene

polymorphisms synergistically affect insulin resistance.

Materials and methods

Subjects

Total of 112 T2DM (42 men, 70 women) and control group

of 150 healthy subjects (58 men, 92 women) were exam-

ined in this study. Diagnosis of T2DM was based on

American diabetes association definition of diabetes [17]

plus not taking exogenous insulin. Healthy subjects do not

meet the criteria for the diagnosis of diabetes mellitus. The

present study was conducted according to the principles of

the Dec-laration of Helsinki, and all patients provided

written informed consent, following a protocol approved

by the Sinai University Research Ethics Committee.

Table 1 summarizes the clinical features of patients and

controls.

Laboratory measurements

Venous blood samples were drawn after an overnight

fasting. Hypertension was defined as a systolic blood

pressure (BP) C 140 mmHg, a diastolic BP C 90 mmHg,

or both. Current smoker was defined as a subject who

continued to smoke cigarettes regularly. The HOMA-IR

was calculated as described by Matthews et al. [6]:

HOMA-IR = [FPI (lIU/ml) 9 FPG (mg/dl)]/405. Insulin

sensitivity (%S) and b-cell function (%B) values were

calculated using the computer model as described by

Wallace et al. [8].

Table 1 Main characteristics of

the study population

Values are expressed as

means ± SD

* P value \0.05, ** P value

\0.001; all P values are noted

for the comparison with the

control group; comparisons

were performed by Student t test

and Chi-square test

Control (n = 150) Case (n = 112) P value

Age (y) 48.03 ± 7.35 48.74 ± 6.96 0.429

Sex (M/F) 58/92 42/70 0.847

FPG (mg/dl) 96.12 ± 9.84 202.96 ± 86.31 0.0001**

HbA1c (%) 4.98 ± 0.73 9.64 ± 1.79 0.0001**

BMI 24.56 ± 2.27 29.85 ± 3.8 0.0001**

Fasting insulin level (mIU/l) 6.47 ± 2.24 9.38 ± 3.58 0.0001**

Total cholesterol (mg/dl) 150.58 ± 25.89 217.21 ± 44.38 0.0001**

Triglyceride (mg/dl) 125.16 ± 28.11 176.27 ± 91.24 0.0001**

HDL-C (mg/dl) 47.19 ± 10.66 45.63 ± 10.21 0.234

VLDL-C (mg/dl) 26.26 ± 5.99 35.65 ± 18.37 0.0001**

LDL-C (mg/dl) 98.19 ± 25.13 135.93 ± 47.23 0.0001**

Current smoking (±) 20/130 30/82 0.006*

Systolic BP (mmHg) 121.5 ± 14.97 137.18 ± 29.42 0.0001**

Diastolic BP (mmHg) 75.4 ± 7.83 82.63 ± 12.2 0.0001**

HOMA-IR 1.54 ± 0.57 4.61 ± 2.37 0.0001**

B-cell activity (%B) 75.16 ± 21.53 34.22 ± 23.48 0.0001**

Insulin sensitivity (%S) 132.5 ± 47.43 74.78 ± 27.8 0.0001**
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Statistical analysis

Statistical analyses were performed with the SPSS ver. 17

software package. The relationship between mEPHX exon

3 (Tyr113 and His113 alleles) and exon 4 (His139 and

Arg139 alleles) genotypes and risk of T2DM was assessed

by the means of the odds ratio (OR) with 95 % confidence

limits. Data were expressed as mean ± SD. Frequencies of

categorical variables were compared by the v2 and Fishers’

exact tests. Departure in the distribution of genotypes from

Hardy–Weinberg equilibrium was assessed by means of the

Chi-square test. Associations of genotypes with biochem-

ical findings were evaluated by the two-way Student t test.

Multiple regression analysis was used to adjust for con-

founding factors. A value of P \ 0.05 was taken as

indicative of significant differences.

Genotyping

Genomic DNA was isolated from 100 ml whole blood

collected in EDTA anti-co-agulated tubes using the Wizard

genomic DNA purification kit (Promega, USA). Genetic

polymorphism in mEPHX exon 3 (Tyr113 and His113

alleles) and exon 4 (His139 and Arg139 alleles) were

determined by PCR–RFLP analysis after amplification of

the exons. For amplification of exon 3, we used primers

described by Smith and Harrison [18] (50-GATCGATAAG

TTCCGTTTCACC-30 and 50-ATCTTAGTCTTGAAGT

GAGGAT-30). A mismatch in the reverse primer incorpo-

rated an EcoRV restriction site in the amplicon of the

Tyr113 allele resulting in digestion products of 20 and

140 bp. The His113 allele remained undigested (162 bp).

Amplification of exon 4 was done using primers described

by Hassett et al. [9] (50-GGGGTACCAGAGCCTGACC

GT-30 and 50-AACACCGGGCCCACCCTTGGC-30), fol-

lowed by restriction analysis with RsaI. The His139 allele

(357 bp) was digested into two fragments (295 and 62 bp),

and the Arg139 allele (295 and 62 bp) was digested into

fragments of 174, 121, and 62 bp in size. The amplified

products were visualized under UV light after DNA elec-

trophoresis on an ethidium bromide-stained agarose gel

(Fig. 1). Individuals with combinations of alleles in their

exon 3 and exon 4 genotypes have been classified

according to their expected mEH activity as described by

Smith and Harrison [18].

Results

A total of 262 subjects (112 patients with T2DM and 150

control subjects) were enrolled in the study. The descrip-

tive data concerning the patient and control groups are

presented in Table 1. No significant differences were

observed in age, sex, HDL-C (P [ 0.05) between patients

and the control group. The proportion of FPG, HbA1c,

BMI, total cholesterol TG, VLDL-C, LDL-C smoking

status, blood pressure, fasting insulin, and HOMA-IR was

higher in T2DM patients than in controls (P \ 0.05).

Hardy–Weinberg equilibrium was tested for the two

polymorphisms and no obvious deviation was found.

On multivariate analysis of the two genes mEPHX1

His139Arg polymorphism (rs2234922) genotype was not

associated with risk of T2DM (P [ 0.05). In control sub-

jects the His139/His139 and His139/Arg139 genotypes

were 54.67 and 45.33 %, respectively. Corresponding fre-

quencies among cases were 59.8 and 40.2 %. The Arg139/

Arg139 genotype was not detected in the studied groups.

Compared to individuals with the His139/His139 genotype,

the OR (95 % CI) for T2DM was 0.81 (0.49–1.33) for

those with the His139/Arg139 genotype and 0.85

(0.56–1.31) for those with the polymorphic G allele when

compared to individuals with wild type A allele (Table 2).

Among diabetics, the frequencies obtained for the exon 3

mEPHX1 wild type T allele and polymorphic C allele were

46.9 and 53.1 %, respectively. In the control group, the fre-

quencies were 70.7 and 29.3 % for T and C alleles, respec-

tively (P = 0.0001, OR = 2.73, 95 % CI = 1.9–3.91). The

distribution of the exon 3 genotypes in controls and T2DM

Fig. 1 Polymerase chain

reaction (PCR) restriction

fragment length polymorphism

analysis of microsomal epoxide

hydrolase (mEPHX) a exon 3,

b exon 4; M 50-bp ladder, Ht
heterozygote, Hm homozygote,

m mutant; Wt wild type
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patients was found to be highly significantly different. The

prevalence of mEPHX1 exon 3 Tyr113/His113 heterozygos-

ity was 45.5 % (51/112) in T2DM patients and 41.3 %

(62/150) in controls. This difference was statistically signifi-

cant (P = 0.004, OR = 2.28, 95 % CI = 1.28–4.06)

(Table 2) when compared with the mEPHX1 exon 3 Tyr113/

Tyr113 homozygous carriers in both T2DM patients and in

controls (24.1 and 50 %, respectively). The prevalence of

mEPHX1 exon 3 His113/His113 homozygosity was 30.4 %

in T2DM patients and 8.67 % in controls. This difference was

statistically significant (P = 0.0001, OR = 7.26, 95 % CI =

3.34–15.78) (Table 2).

We have investigated whether a combination of the

Tyr113His and His139Arg genotypes was associated with

T2DM. Our results showed that the Tyr113/Tyr113 and

His139/His139 genotype combination was the most com-

mon genotype in controls (34.7 %). In addition, we found

that the Tyr113/Tyr113 and His139/His139 genotype

combination (with intermediate predicted mEH activity)

was associated with a decreased risk for T2DM compared

to all other combinations (P = 0.03, OR = 1.85, 95 %

CI = 1.06–3.22). The Tyr113/His113 and His139/Arg139

genotypes combination (with low predicted mEH activity)

was more common in the T2DM group (P = 0.011,

OR = 0.49, 95 % CI = 0.28–0.85) compared to all other

combinations. His113/His113 and either His139/His139 or

His139/Arg139 and His113/His113 and Arg139/Arg 139

genotype combinations (very low predicted mEH activity)

Table 2 Genotype frequencies of microsomal epoxide hydrolase exon 3 and exon 4 polymorphisms relative to their association with insulin

resistance groups

Genotype Control (n = 150) Case (n = 112) P OR 95 % CI

mEPHX1 exon 3

Tyr113/Tyr113 75 (50) 27 (24.1)

Tyr113/His113 62 (41.33) 51 (45.5) 0.004** 2.28 1.28–4.06

His113/His113 13 (8.67) 34 (30.4) 0.0001** 7.26 3.34–15.78

Tyr113/His113 ? His113/His113 75 (50) 85 (75.9) 0.0001** 3.15 1.84–5.39

T allele 212 (70.7) 105 (46.9)

C allele 88 (29.3) 119 (53.1) 0.0001** 2.73 1.9–3.92

mEPHX1 exon 4

His139/His139 82 (54.67) 67 (59.8)

His139/Arg139 68 (45.33) 45 (40.2) 0.405 0.81 0.49–1.33

Arg139/Arg139 0 0

His139/Arg139 ? Arg139/Arg139 68 (45.33) 45 (40.2) 0.405 0.81 0.49–1.33

A allele 232 (77.3) 179 (79.9)

G allele 68 (22.7) 45 (20.1) 0.478 0.85 0.56–1.31

Combined mEPHX1 genotypes

Tyr113Tyr and His139His 52 (34.7) 25 (22.3) 0.03* 1.85 1.06–3.22

Tyr113Tyr and His139Arg 23 (15.3) 2 (1.8) 0.0002** 9.96 2.29–43.2

Tyr113His and His139His 30 (20) 38 (33.9) 0.011* 0.49 0.28–0.85

Tyr113His and His139Arg 32 (21.3) 13 (11.6) 0.039* 2.06 1.03–4.15

His113His and His139His 0 4 (3.6) 0.032*

His113His and His139Arg 13 (8.7) 30 (26.8) 0.0001** 0.26 0.13–0.53

Predicted mEH activity

Very low 13 (8.7) 34 (30.4) 0.0001** 0.21 0.11–0.44

Low 30 (20) 38 (33.9) 0.011* 0.48 0.28–0.85

Intermediate 84 (56) 38 (33.9) 0.0004** 2.48 1.49–4.11

High 23 (15.3) 2 (1.8) 0.0002** 9.96 2.29–43.2

Values are expressed as n (%)

OR odds ratio computed between selected genotype/predicted mEH activity versus all other genotypes/predicted mEH activities in corresponding

group, CI confidence interval; classification of predicted mEH activity based on Smith and Harrison [yy] as follows: very low: His113/His113

and either His 139/His139 or His139/Arg or Arg139/Arg139; low: Tyr113/His113 and either His139/His139 or Arg139/Arg139; intermediate:

Tyr113/Tyr113 and His139/His139, Tyr113/His113 and His139/Arg139; high: Tyr113/Tyr113 and either His139/Arg139 or Arg139/Arg139;

mEPHX microsomal epoxide hydrolase, Tyr tyrosine, His histidine, Arg arginine. Comparisons were performed by Chi-square test and Fisher’s

exact test

* P value \0.05, ** P value \0.001
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were found more frequently in the T2DM group compared

to all other combinations (P = 0.0001, OR = 0.21, 95 %

CI = 0.11–0.44). A significant negative correlation between

genotype combinations that predicted high mEH activity

(Tyr113/Tyr113 and either His139/Arg139 or Arg139/

Arg139) and T2DM risk was found compared to all other

combinations (P = 0.0002, OR = 9.96, 95 % CI =

2.29–43.2) (Table 2).

We found that carriers of the rare allele (His113/His113

and Tyr113/His113) and (His139/Arg139 and Arg139/

Arg139) had no effect on the clinical parameters in T2DM

patients except in fasting insulin and insulin sensitivity

when compared with Tyr113/Ty113 and His139/His139,

respectively (Table 3). The smoking status showed a sta-

tistically different (His113/His113 and Tyr113/His113)

genotypes combination when compared to Tyr113/Tyr113

genotype group (P = 0.001) (Table 3).

In the current report, we demonstrated that a polymor-

phism of mEPHX1 exon 3 His113/His113 homozygosity

and the carriers of the polymorphic C allele occur at higher

frequency in T2DM than in control subjects is associated

with a higher risk of T2DM (OR = 7.26 and 2.73,

respectively). Insulin sensitivity in type 2 diabetic patients

in the carriers of (Tyr113/His113 ? His113/His113) were

significantly lower than those with the (Tyr113/Tyr113)

carriers (P = 0.001). These results indicate that the pres-

ence of the His113 allele in the mEPHX1 exon 3 gene is

associated with the insulin resistance status found in type 2

diabetic patients (P = 0.029). Meanwhile, we found that

mEPHX1 exon 4 polymorphism had no significant asso-

ciation with T2DM and IR.

Discussion

IR has been implicated in the pathogenesis of T2DM [19].

Many studies have examined the involvement of gene

polymorphisms with insulin resistance [20, 21]. Since

insulin resistance is associated with an increase in oxygen

free radicals [22], mEPHX may affect insulin resistance

and T2DM.

Epoxide hydrolases are classified into two xenobiotic-

metabolizing forms, microsomal (mEH), localized pre-

dominantly in the endoplasmic reticulum, is encoded by

the EPHX1 gene and soluble (sEH) which is confined

mainly to cytoplasm; this enzyme, encoded by the EPHX2

Table 3 The baseline characteristics of diabetic subjects according to microsomal epoxide hydrolase genotypes

Tyr113His His139Arg

Carriers of

Tyr113/tyr113

(n = 27)

Carriers of tyr113/

His113 ? His113/

His113 (n = 85)

P value Carriers of His139/

His139 (n = 67)

Carriers of His139/

Arg139 ? Arg139/

Arg139 (n = 45)

P value

Age (y) 48.26 ± 8.79 48.89 ± 6.34 0.684 48.61 ± 7.19 48.93 ± 6.68 0.714

Sex (M/F) 11/16 31/54 0.689 27/40 15/30 0.455

FPG (mg/dl) 220.44 ± 104.11 197.41 ± 79.75 0.229 203.35 ± 84.09 202.37 ± 90.46 0.953

HbA1c (%) 9.22 ± 2.05 9.77 ± 1.69 0.165 9.58 ± 1.79 9.74 ± 1.79 0.644

Fasting insulin

level (mIU/l)

6.99 ± 2.05 10.14 ± 3.63 0.0001** 10.02 ± 3.35 8.43 ± 3.73 0.02*

BMI 29.12 ± 3.42 30.07 ± 3.91 0.26 29.88 ± 3.74 29.78 ± 3.94 0.922

Total cholesterol

(mg/dl)

206.55 ± 35.35 220.6 ± 46.56 0.153 214.46 ± 43.47 221.31 ± 45.88 0.423

Triglyceride (mg/dl) 163.62 ± 89.45 180.28 ± 91.96 0.411 170.49 ± 94.7 184.86 ± 86.15 0.416

HDL-C (mg/dl) 47.48 ± 9.6 45.05 ± 10.38 0.283 45.75 ± 10.29 45.47 ± 10.2 0.888

VLDL-C (mg/dl) 33.03 ± 17.92 36.48 ± 18.54 0.398 34.49 ± 19.08 37.36 ± 17.33 0.42

LDL-C (mg/dl) 126.03 ± 28.98 139.07 ± 51.44 0.213 134.22 ± 42.67 138.48 ± 53.71 0.642

Current smoking (±) 1/26 29/56 0.001** 15/52 15/30 0.199

Systolic BP (mmHg) 136.85 ± 24.73 137.29 ± 30.89 0.946 138.13 ± 24.46 135.78 ± 35.82 0.68

Diastolic BP (mmHg) 80.18 ± 11.14 83.41 ± 12.49 0.233 82.23 ± 11.46 83.22 ± 13.36 0.676

HOMA-IR 3.74 ± 1.86 4.88 ± 2.46 0.029* 4.92 ± 2.33 4.14 ± 2.37 0.087

B-cell activity (%B) 24.3 ± 14.23 37.33 ± 24.97 0.0001** 35.04 ± 23.87 32.96 ± 23.1 0.647

Insulin sensitivity (%S) 89.95 ± 26.46 70.03 ± 26.62 0.001** 68 ± 25.56 85.18 ± 28.16 0.001**

Values are expressed as means ± SD

* P value\0.05, ** P value\0.001; all P values are noted for the comparison with the control group; comparisons were performed by Student

t test, Chi-square test and Fisher’s exact test
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gene [23]. The microsomal (EPHX1) and soluble (EPHX2)

epoxide hydrolases function to regulate the oxidation status

of a wide range of xenobiotic- and lipid-derived substrates.

Previous report by Ohtoshi et al. [24] showed no relation

between the genotype distribution of sEH (EPHX2)

Arg287Gln gene polymorphism and T2DM. This is the first

report showing the association of mEH (EPHX1) poly-

morphisms on risk of T2DM and insulin resistance.

Our results on Egyptian population suggest the hypothesis

that mEPHX1 exon 3 polymorphism (rs1051740) is related

to T2DM risk. The frequency of exon 3 Tyr113/Tyr113

genotype was the most significant genotype among the

controls on contrast to the diabetics (P = 0.0001,

OR = 3.15, 95 % CI = 1.84–5.39) suggesting that indi-

viduals with this homozygous wild genotype had 3.15 folds

decreased risk of developing T2DM. We found that the

polymorphic His113 allele carriers had higher fasting insulin

levels, HOMA-IR, b-cell activity, and lower insulin sensi-

tivity compared to the Tyr113/Tyr113 (P = 0.0001, 0.029,

0.0001 and 0.001, respectively).

On the other hand, our results showed that mEPHX1

His139Arg polymorphism in exon 4 (rs2234922) had no

significant association with T2DM. However, our data

revealed that the His139/His139 genotype carriers had

higher fasting insulin levels, and lower insulin sensitivity

compared to Arg139 allele carriers (P = 002, and 0.0001,

respectively) and had no significant effect on HOMA-IR

and b-cell activity. These observations were made on lung

cancer risk, COPD, emphysema [25, 26], and [18], and

aflatoxin-associated hepatocellular carcinoma [27] but our

study has recorded for the first time this observation on

T2DM risk and its relation to insulin resistance.

In our study we have also investigated whether a com-

bination of the Tyr113His and His139Arg genotypes is

associated with T2DM risk. We found that Tyr113/Tyr113

and His139/His139 (with intermediate predicted mEH

activity) genotype combination was the most common

genotype in our controls (34.67 %) in accordance with

Erkisi et al. [25]. While the combination of Tyr113/His113

and His 139/His139 (with low predicted mEH activity) was

the most common genotype in diabetics (33.93 %), there-

fore, we assumed the association between the predicted

mEH low-activity and susceptibility to T2DM. Our deter-

mination of an association between genetically defined

Tyr113His polymorphism in mEH activity and T2DM

suggests that highly reactive epoxide intermediates may

have a role in the pathogenesis of the disease.

Neither the exon 3 Tyr113His nor the exon 4 His139Arg

genotypes were found to be associated with the clinical

parameters in the diabetics except the relation between the

exon 3 Tyr113His with smoking, this result was in con-

sistence with Smith and Harrison [18]. The association

between this polymorphism and cigarette smoking could be

explained by the fact that cigarette contains high amount of

free radicals per puff and an array of other highly toxic

electrophiles [28]. Many of these compounds generate

reactive epoxides which are detoxified by mEPHX [18].

Conclusion

The results indicated that minor Tyr113 allele of mEPHX1

exon 3 polymorphism had a higher risk of T2DM and IR

occurrence with lower insulin sensitivity, which might be

taken as a marker in clinical diagnosis and prevention of

T2DM or as a therapeutic target in the treatment of T2DM

patients. In our study, however, we found that mEPHX1

exon 4 polymorphism had no significant association with

T2DM and IR. Low predicted mEPHX activity was the

most common genotype combination in the diabetics.

Although some of our data were statistically significant, we

acknowledge that the study requires confirmation in a

separate, large cohort.
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