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Abstract

The production of oxygen free radicals in type 2 diabetes mellitus contributes to the development of complications, especially

the cardiovascular-related ones. Peroxiredoxins (PRDXs) are antioxidant enzymes that combat oxidative stress. The aim of

this study was to investigate the associations between the levels of PRDX isoforms (1, 2, 4, and 6) and cardiovascular risk

factors in type 2 diabetes mellitus. Fifty-three patients with type 2 diabetes mellitus (28F/25M) and 25 healthy control subjects

(7F/18M) were enrolled. We measured the plasma levels of each PRDX isoform and analyzed their correlations with

cardiovascular risk factors. The plasma PRDX1, -2, -4, and -6 levels were higher in the diabetic patients than in the healthy

control subjects. PRDX2 and -6 levels were negatively correlated with diastolic blood pressure, fasting blood sugar, and

hemoglobin A1c. In contrast, PRDX1 levels were positively correlated with low-density lipoprotein and C-reactive protein levels.

PRDX4 levels were negatively correlated with triglycerides. In conclusion, PRDX1, -2, -4, and -6 showed differential

correlations with a variety of traditional cardiovascular risk factors. These results should encourage further research into the

crosstalk between PRDX isoforms and cardiovascular risk factors.
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Introduction

Oxidative stress is known to play a role in various

diseases, including diabetes mellitus and its cardiovascular

complications. Oxidative stress usually results from an im-

balance between the production of reactive oxygen species

(ROS) and/or reduced antioxidant capacity (1). There is

growing evidence for a link between free radical production

and oxidative stress in the pathogenesis of cardiovascular

disease (2) because inflammation increases endothelial cell

damage and microvascular permeability (3). Cardiovascular

disease is a leading cause of death worldwide. Therefore,

it is essential to identify patients with diabetes at high risk

of cardiovascular events (4). Although there are abundant

clinical data showing associations between markers of

oxidative stress and common cardiovascular risk factors,

there are limited data linking peroxiredoxins (PRDXs) with

cardiovascular risk factors.

Cells are supported by protective antioxidant systems,

which reduce the concentrations of ROS in the intracellular

and extracellular environments. PRDXs are a group of

antioxidant proteins containing an essential catalytic

cysteine that use thioredoxin to scavenge hydrogen

peroxide, lipid hydroperoxides, and peroxynitrite (5). They

provide a potent defense mechanism that maintains the

redox balance in normal and oxidative stress conditions. In

addition, they possess a chaperone activity (6). Six isoforms

(PRDX1-6) have been identified and they are expressed in

sites of ROS production, including the cytosol, mitochon-

dria, and peroxisomes (5).

The lower antioxidant capacity in diabetic patients is due

to reduced activity of antioxidant enzymes, including super-

oxide dismutase, catalase, and glutathione peroxidase (7,8).

Although an association between PRDX expression and

diabetes is already known, the association between this

family of enzymes and cardiovascular risk factors is still

unknown. Therefore, the present study was designed to

determine the baseline levels of circulating PRDX isoforms

(1, 2, 4, and 6) and their correlations with traditional

cardiovascular risk factors, including blood pressure (BP),

hyperlipidemia, and C-reactive protein (CRP) in patients

with type 2 diabetes mellitus (T2DM).
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Materials and Methods

Study population
In the present study, 53 patients with T2DM were

recruited at the primary care clinic at King Khalid University

Hospital (KKUH), Riyadh, Saudi Arabia. Exclusion criteria

included acute onset of clinical or laboratory signs of acute

infection, myocardial infarction, stroke, trauma, or surgical

procedure in the last 6 months. Patients with coexisting

malignant tumor, hepatic disease, end stage renal disease

(dialysis), immunosuppression, or the presence of compli-

cations such as neuropathy, nephropathy and retinopathy

were also excluded. The full medical records of the patients

were retrieved, and included detailed physical findings and

routine clinical laboratory tests. The duration of diabetes

ranged from 7 to 10 years, and all of the patients had

non-insulin-dependent diabetes mellitus. All of the patients

were receiving anti-diabetic and anti-hypertensive agents.

The control group comprised 25 non-diabetic subjects. The

medical history was assessed and physical examinations

were performed in all subjects. The study was carried out in

accordance with the institutional review board regulations

of the Medical College at King Saud University. The study

protocol was approved by the College of Medicine and

University Hospital Ethics Committee, and written informed

consent was obtained from all participants.

Blood samples and determination of PRDX levels
Blood samples were taken after an overnight fast of 10-

12 h from the antecubital vein and were collected in native,

ethylenediaminetetraacetic acid (EDTA)-coated tubes.

The samples were centrifuged at 5000 g for 10 min and

aliquots of serum and plasma were stored at ––706C until

assayed. PRDX1, -2, -4, and -6 levels were measured in

plasma samples from patients and healthy controls using

commercially available enzyme-linked immunosorbent

assay (ELISA) kits from Wuhan EIAab Science Co., Ltd.

(China) or Abfrontier for PDRX1 (China) according to the

manufacturers’ instructions. Fasting serum insulin levels

were determined in plasma samples using ELISA kits

from R&D Systems (USA) according to the manufacturer’s

instructions.

Fasting blood sugar (FBS) was analyzed at KKUH

Biochemistry Central Laboratory using a Konelab Intelligent

Diagnostics Systems analyzer (Konelab Corporation, Fin-

land). Glycated hemoglobin (HbA1c) was measured using

a Helena Glyco-Tek Affinity Column (Helena Biosciences,

UK). Homeostaisis model assessment of insulin resistance

(HOMA-IR) was calculated according to the following equa-

tion: fasting insulin (mU/L)6fasting glucose (nM)/22.5.

Statistical analysis
Data entry and statistical analysis were performed using

SPSS statistical software, version 18 (USA). Error bars were

used to compare the mean and 95% confidence intervals

(CI) of the plasma PRDX levels between the two groups.

Pearson’s correlation coefficient was used to determine

correlations between PRDX levels and other variables, and

x-y scatterplots were plotted. Normally distributed values are

reported as means ± SD. Student’s t-test was used to

compare continuous variables and the x2 test was used to

compare categorical variables between the two groups. In

all analyses, a P value of , 0.05 was set as the level of

significance.

Results

Clinical characteristics of study subjects
Table 1 compares the biochemical and clinical char-

acteristics between the control nondiabetic subjects and

diabetic subjects. The diabetic patients hadmetabolic distur-

bances, including elevated levels of FBS, HbA1c, serum

triglycerides (TG), and low-density lipoproteins (LDL) com-

pared with the control subjects. Systolic blood pressure

(SBP) was greater in diabetic subjects than in control sub-

jects, despite the higher use of anti-hypertensive drugs in

the diabetic subjects.

PRDXs levels in diabetic patients
Table 2 shows the plasma levels of the four PRDX

isoforms in the healthy control subjects and diabetic subjects.

PRDX1, -2, -4 and -6 levels were greater in diabetic subjects

than in control subjects.

Correlations between plasma PRDX levels and
cardiovascular risk factors

We examined whether the plasma PRDX levels were

Table 1. Clinical characteristics of the non-diabetic healthy

control subjects and diabetic patients.

Non-diabetic
subjects (n=25)

Diabetic
patients (n=53)

Age 54.15 ± 15.39 61.33 ± 11.14*

Gender (F/M) 8/17 28/25

BMI 25.26 ± 4.06 26.79 ± 4.32

SBP (mmHg) 117.56 ± 3.9 135.59 ± 21.95*

DBP (mmHg) 75.89 ± 6.277 75.85 ± 9.06

Serum insulin (IU/mL) 13.17 ± 5.86 17.75 ± 14.94

FBS (mg/dL) 4.71 ± 0.544 9.67 ± 4.09*

HOMA-IR 2.82 ± 1.437 7.14 ± 6.2*

Serum cholesterol (mM) 4.49 ± 0.617 4.76 ± 1.38

Serum TG (mM) 0.92 ± 0.39 1.86 ± 1.07*

HDL (mM) 0.99 ± 0.314 1.17 ± 1.16

LDL (mM) 2.7 ± 0.657 3.64 ± 1.45*

Data are reported as means ± SD. BMI: body mass index; SBP:

systolic blood pressure; DBP: diastolic blood pressure; FBS:

fasting blood sugar; HOMA-IR: homeostaisis model assessment

of insulin resistance; TG: triglycerides; HDL: high-density

lipoprotein; LDL: low-density lipoprotein. * P,0.05 compared to

non-diabetic control subjects (unpaired Student’s t-test).
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correlated with cardiovascular risk factors, including SBP,

diastolic blood pressure (DBP), FBS, HbA1c, CRP, TG, LDL,

and cholesterol. Table 3 shows the correlations between

these variables and the circulating PRDX levels. The results

suggest that the individual PRDX isoforms were differentially

associated with the cardiovascular risk factors determined in

this study.

Discussion

The present study revealed that the plasma levels

of PRDX isoforms (PRDX1, -2, -4, and -6), antioxidant

enzymes, were greater in diabetic patients compared with

healthy subjects. Our data also revealed differential associ-

ations between the individual PRDX isoforms and cardio-

vascular risk factors. In particular, PRDX2 and -6 levels were

negatively correlated with DBP, FBS, and HbA1c. In con-

trast, PRDX1 levels were positively correlated with LDL and

CRP levels, while PRDX4 levels were negatively correlated

with TG levels.

Prior studies have shown that oxidative stress, which

is characterized by increased production of ROS and/or

decreased antioxidant defense mechanisms, plays an

important role in the pathogenesis of diabetes (7) and its

complications (9). In the present study, we focused on

four members of the PRDX family and PRDX1, -2, -4, and

-6 were markedly elevated in T2DM patients compared

with control subjects. Because there are currently no data

regarding the normal range of circulating PRDXs, except

for previously published results from our laboratory (10,11),

we assumed that the levels in the healthy control subjects

in this study are not pathological. Wemade this assumption

because we applied strict selection criteria for the control

subjects and diabetic subjects. Previous studies in patients

with T2DM revealed a decrease in antioxidant defense

mechanisms and an increase in markers of oxidative dam-

age, especially in patients with diabetes-related complica-

tions (9). Similar results to ours were reported for PRDX1

activity in erythrocytes, which was greater in T2DMpatients

than in non-diabetic subjects (12). Another study revealed

a high total antioxidant capacity and higher concentrations

of lipid peroxidation markers in T2DM patients than in

non-diabetic subjects (13). We observed higher antioxidant

levels in the present study, despite the well-known increase

in oxidative stress in diabetes. These results suggest a

possible adaptive response that is probably due to the

increased production of O2
–, which would lead to augment-

ed H2O2 production. This mechanism may require a higher

activity of antioxidant enzymes to protect against the in-

creased level of oxidative stress in relation to adverse

cardiovascular and metabolic conditions.

BP control was strongly correlated with cardiovascular

disease in studies investigating cardiovascular risk factors

in diabetes. Additionally, an improvement in BP control was

reported to significantly reduce the risk of cardiovascular

disease in diabetic patients (14,15). SBP .140 mmHg was

associated with an increased risk for cardiovascular disease

in T2DM patients (16). In our study, SBP was higher in

diabetic patients, but DBP was similar to that in healthy

Table 2. Plasma levels of peroxiredoxin isoforms in non-diabeitc

healthy control subjects and diabetic patients

Non-diabetic
subjects (n=25)

Diabetic
patients (n=53)

PRDX1 (ng/mL) 16.77 ± 3.899 21.92 ± 5.77*

PRDX2 (ng/mL) 20.37 ± 8.61 36.61 ± 14.966*

PRDX4 (pg/mL) 2696 ± 1972 3835 ± 1454*

PRDX6 (pg/mL) 238 ± 111 311 ± 111*

Data are reported as means ± SD. PRDX: peroxiredoxin.

* P,0.05 compared to non-diabetic control subjects (unpaired

Student’s t-test).

Table 3. Pearson correlations of plasma levels of peroxiredoxin

isoforms and other measured variables of all diabetic patients

(n=53).

PRDX1 PRDX2 PRDX4 PRDX6

Weight (kg) r 0.071 ––0.081 0.109 ––0.057

P 0.640 0.591 0.469 0.706

Height (cm) r 0.025 ––0.141 ––0.006 ––0.107

P 0.872 0.360 0.970 0.490

SBP (mmHg) r –0.051 ––0.213 ––0.222 ––0.198

P 0.728 0.142 0.126 0.172

DBP (mmHg) r –0.052 ––0.380** ––0.261 ––0.388**

P 0.722 0.007 0.070 0.006

ESR (mm) r 0.474** 0.149 0.166 0.070

P 0.001 0.301 0.249 0.631

FBS (mM) r 0.031 ––0.308* ––0.138 ––0.281*

P 0.831 0.030 0.341 0.048

HbA1c r 0.120 ––0.303* ––0.102 ––0.309*

P 0.405 0.033 0.481 0.029

CRP r 0.429** 0.227 0.131 0.158

P 0.004 0.144 0.401 0.312

TC (mM) r 0.082 ––0.190 ––0.028 ––0.103

P 0.579 0.197 0.851 0.487

TG (mM) r 0.142 ––0.276 ––0.481** ––0.169

P 0.331 0.055 0.000 0.247

HDL (mM) r –0.436 0.355 0.666* 0.452

P 0.208 0.315 0.035 0.190

LDL (mM) r 0.813** ––0.484 ––0.193 ––0.512

P 0.004 0.156 0.594 0.130

Data are reported as Pearson correlation coefficients and two-

sided P-values. PRDX: peroxiredoxin; SBP: systolic blood

pressure; r: Pearson correlation coefficient; DBP: diastolic blood

pressure; ESR: erythrocyte sedimentation rate; FBS: fasting

blood sugar level; HbA1c: glycated hemoglobin; CRP: C-reactive

protein; TC: total cholesterol; TG: triglycerides; HDL: high-density

lipoprotein; LDL: low-density lipoprotein. * P,0.05, **P,0.01 are

considered to be statistically significant
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control subjects, although the diabetic patients were

receiving anti-hypertensive drugs. The results suggest that

diabetic patients do not reach their target BP levels, which

represents a cardiovascular risk factor in this group of

patients. In addition, the higher SBP and slightly lower

DPB are suggestive of arterial stiffness, as manifested by

increased pulse pressure, in diabetic patients. Of interest,

the plasma PRDX2 and -6 levels were significantly and

negatively correlated with DPB, but not with SBP. This can

be explained by a small population size and/or the various

levels of hypertensive control in these patients. Therefore,

future studies should include larger populations in which

patients can be divided into subgroups according to their

BP percentile relative to their PRDX levels. Oxidative

stress is consistently observed in hypertension and ROS

enhance the development of endothelial dysfunction in

hypertension. The relationship between oxidative stress

and hypertension has been extensively reviewed else-

where (17).

Routine markers of inflammation, including the erythro-

cyte sedimentation rate and CRP, were consistently and

positively associated with PRDX1. These findings might

reflect a pathophysiologic role of PRDX1 in inflammation.

Beyond the traditional cardiovascular risk factors of inflam-

mation, CRP is a crucial factor in the development of athero-

sclerosis from endothelial dysfunction to plaque rupture

and thrombosis. The 2012 Emerging Risk Factors Collabor-

ation Coordinating Center report, which included an exten-

sive population, revealed that the assessment of CRP or

fibrinogen levels in people at intermediate risk for a car-

diovascular event can help prevent one additional event

(18). In addition, other studies have suggested that CRP

could be measured as a marker of cardiovascular risk (19)

and CRP was a novel marker included in a cardiovascular

health study (20). However, it was reported that CRP is

associated with oxidative stress in non-diabetic postmen-

opausal women (21). These findings provide evidence

supporting the use of CRP as a marker of cardiovascular

disease. We recently reported that PRDX1 levels are

correlated with the ankle/brachial index, a clinical marker

of peripheral atherosclerosis, in diabetic patients diagnosed

with peripheral atherosclerosis (10). Considering these find-

ings, the correlations between PRDX1 levels andmarkers of

cardiovascular risk suggest its levels could contribute to the

prediction of disease risk and progression, a possibility that

warrants further studies. No correlation was found between

PRDX4 levels and CRP, although PRDX4 was reported to

be a marker of inflammation and oxidative stress in septic

patients (22). The lack of a correlation in our study could be

explained by the small population size.

Hyperlipidemia and elevated TG levels are recognized

cardiovascular risk factors. Of interest, PRDX1 was posi-

tively correlated with HDL in the current study. Consistent

with our findings, it was reported that PRDX1 helps to

prevent excessive endothelial activation and early athero-

sclerosis (23). We also found that PRDX4 was significantly

and negatively correlated with TG levels. Our results are in

accordance with a recent report from the American Heart

Association that showed that PRDX4, a circulating bio-

marker with antioxidant properties, was associated with

several common cardiovascular risk factors, and was a risk

factor for incident cardiovascular disease and all-cause

mortality (24).

There are two forms of PRDX1; intracellular PRDX1 is a

peroxidase and chaperone protein (5,25) whereas extra-

cellular PDRX1 is a Toll-like receptor 4 (TLR4) ligand (26).

Binding of extracellular PDRX1 to TLR4 stimulates the

release of the pro-inflammatory cytokines interleukin (IL)-6

and tumor necrosis factor (TNF)-a from macrophages (27)

and endothelial cells (26). These unique actions of PRDX1

may explain its multiple associations with cardiovascular

risk factors in the current study.

Future studies involving larger populations of prediabetic

and diabetic patients are needed to identify the predictive

value of PRDX levels in patients at high cardiovascular risk.

The differential associations of PRDX1, -2, -4, and -6 with

cardiovascular risk factors in our study might suggest

different mechanisms and roles in the management of

cardiovascular disease risk.
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