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Association Between Plasma Selenium and Glutathione Peroxidase Levels
And Severity of Diabetic Nephropathy in Patients With Type Two Diabetes
Mellitus
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Background: Oxidative stress is thought to be involved in the pathogenesis of diabetic nephropathy. Selenium (Se), and antioxidant
enzymes such as glutathione peroxidase (GPx) play an important protective role in diabetes complications.
Objectives: This study aimed to evaluate the association between plasma Se and GPx levels with severity of diabetic nephropathy.
Patients and Methods: In a case-control study, we measured plasma Se and GPx concentrations in patients with type two diabetes without
microalbuminuria (group 1), with microalbuminuria (group 2), with macroalbuminuria (group 3), and healthy control subjects (group 4).
We also assessed plasma glucose, urea, creatinine, and glycated hemoglobin levels in all study patients.
Results: Plasma Se and GPx concentrations were significantly lower in diabetic patients with macroalbuminuria than other study groups
(P < 0.001). Albuminuria (Alb/Cr in random urine sample) had a negative correlation with plasma Se (r = -0.40, P = 0.01), and GPx (r = -0.23,
P = 0.03) concentrations.
Conclusions: Plasma Se and GPx levels were lower in type two diabetic patients with macroalbuminuria and related to the stage of
diabetic nephropathy.
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1. Background

2. Objectives

Increased oxidative stress is an important factor in the
pathogenesis of diabetic nephropathy (1). Hyperglycemia
increases superoxide anion and other reactive oxygen
species (ROS) production in patients with diabetes (2).
Hyperglycemia also impairs radical scavenging enzymes
function, due to lower activity of superoxide dismutase
(SOD), glutathione peroxidase (GPx) and catalase (3). Selenium (Se) is an essential component of antioxidant enzymes, especially in GPx structure (4). Selenocysteine is
a main part of GPx structure and Se deficiency decreases
GPx activity and increases oxidative stress (5). Oxidative
damage to protein, DNA, or membrane lipid, leads to cell
dysfunction in many tissues (6). There are some studies
showing lower plasma Se and GPx levels in patients with
diabetes compared to healthy persons (7). GPx depletion
may have a main role in the pathogenesis of vascular
complications and microalbuminuria by increased oxidative stress (8). Microalbuminuria is the best risk predictor of developing diabetic nephropathy (9). However, the
association between plasma Se and GPx levels with albuminuria and severity of diabetic nephropathy in patients
with type 2 diabetes mellitus is unclear (10).

This study aimed to investigate the association between
plasma Se and GPx levels and albuminuria in patients
with type 2 diabetes and compare these results with
healthy control subjects.

3. Patients and Methods
3.1. Patients

This case-control study was conducted in a nephrology
clinic center in Sari city, North of Iran from January 2011
to March 2013. Participation of subjects was voluntary. Patients with type 2 diabetes mellitus of both genders and
creatinine clearance (was determined by the Cockcroft–
Gault formula) > 90 mL/min were included in the case
groups, and age and sex matched healthy subjects as the
control group. Exclusion criteria were age < 30 or > 60
years, body mass index (BMI) > 30 kg/m2, glycated hemoglobin (HbA1c) > 8%, serum creatinine > 1.2 mg/dL, active
inflammatory and infectious diseases and other causes
of albuminuria such as active urinary tract infection,
heavy exercise, and severe congestive heart failure. Then,
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we divided diabetic patients into three groups, based
on the severity of albuminuria. Group 1 included 37 patients without microalbuminuria (Albumin/creatinine
(Alb/Cr) in a random urine sample < 30 mg/g), group 2,
38 patients with microalbuminuria (Alb/Cr in a random
urine sample between 30 to 300 mg/g), and group 3, 40
patients with macroalbuminuria (Alb/Cr in a random
urine sample > 300 mg/g).
The Ethics Committee of Mazandaran University of
Medical Sciences approved the study and all participants
signed an informed consent.

ratus (11). Plasma GPx level was determined by Sandwich
ELISA kit (UK).

3.2. Laboratory Studies

4. Results

A history including weight and height was taken
from each person. BMI was calculated by the Quetelet
index formula (BMI = kg/ m2). Ten milliliters of venous
blood was taken from every subject after 12 hours fasting to measure plasma glucose, urea, creatinine, HbA1c,
Se and GPx levels. Microalbuminuria was assessed in a
random sample of urine, by determining Alb/ Cr ratio,
using the Micral test method. Plasma glucose, urea and
creatinine levels were measured with Pars Azmoon laboratory kits (Tehran, Iran), using the Auto-analyzer BT3000 (Biotechnica, Rome, Italy). HbA1c was determined
by high performance liquid chromatography. Plasma
Se concentration was assayed by electrothermal atomic
absorption spectrometry (ETAAS) using AA240FS appa-

3.3. Statistical Analysis

Data analysis was performed using SPSS software (Version 17.0, SPSS Inc., Chicago, Ill, USA). Continuous variables were demonstrated as the mean ± standard deviation. ANOVA was used to compare the mean value of each
parameter between the four groups. Chi-squared and
Paired T-test were used to evaluate the quality and quantity parameters, respectively. P value less than 0.05 was
considered statistically significant.
We evaluated 115 patients with type 2 diabetes mellitus
and 38 healthy subjects in this study. Table 1 showed basic
clinical characteristics of the four groups. Group 1 included 37 diabetic patients without microalbuminuria, group
2, 38 diabetic patients with microalbuminuria, group 3,
40 diabetic patients with macro albuminuria, and group
4, 38 healthy subjects as control.
Table 3 showed the results of laboratory tests in four
groups. There were no significant differences between
the four groups regarding serum creatinine, urea, and
glomerular filtration rate (GFR). However, plasma Se and
GPx levels were significantly lower in the group 3 than
other groups (P < 0.05).

Table 1 Basic Clinical Characteristics of Patients in the Four Groups Under study a
Parameter
Age, y

Gender
Male

Female

BMI, kg/m2

Group 1 (n = 37)

Group 2 (n = 38)

Group 3 (n = 40)

Group 4 (n = 38)

P Value

52.2 ± 8.1

41.9 ± 6.2

46.7 ± 1.3

48.6 ± 3.8

0.76

17

19

20

19

26.2 ± 2.3

24.1 ± 1.9

27.4 ± 2.2

26.1 ± 1.9

0.88

Group 1 (n = 37)

Group 2 (n = 38)

Group 3 (n = 40)

P Value

175.3 ± 54.3

190.3 ± 57.2

226.2 ± 42.1

0.08

16.1 ± 5.8

136.2 ± 69.5

546.8 ± 141.1

0.001

20

19

20

a There were no significant differences between the four groups regarding age, sex, and BMI (P > 0.05).

Table 2. Clinical and Laboratory Characteristics of Diabetic Patients a
Parameter
FBS, mg/dL
HbA1C

6.5 ± 0.6

Urine Alb/Cr

Diabetes mellitus duration, y

5.2 ± 2.9

7.1 ± 1.6

8.2 ± 2.3

19

7.6 ± 0.5

12.3 ± 3.2

0.9

0.13

0.02

a There were no significant differences between diabetic patients groups regarding fasting blood sugar (FBS) and HbA1C (P > 0.05). However, there
were significant differences between the groups regarding random urine Alb/Cr (P = 0.001) and diabetes mellitus duration (P = 0.02).

Table 3. Laboratory Tests in the Four Groups a
Parameter

Urea, mg/dL

Creatinine, mg/dL
GFR, mL/min

Plasma Se, µg/L

Plasma GPx, ng/mL

Group 1 (n = 37)

Group 2 (n = 38)

Group 3 (n = 40)

Group 4 (n = 38)

31.4 ± 6.3

33.2 ± 3.8

32.6 ± 4.7

29.2 ± 6.7

P Value
0.19

0.92 ± 0.14

0.87 ± 0.36

1.12 ± 0.61

0.85 ± 0.45

0.09

56.85 ± 10.68

39.7 ± 8.04

29.8 ± 6.8

76.9 ± 11.58

0.0001

96 ± 27

28.2 ± 5.27

106 ± 33

23.7 ± 4.34

92 ± 25

17.61 ± 4.66

108 ± 41

32.2 ± 4.1

0.07

0.0001

a There were significant negative correlations between urine Alb/Cr with plasma Se (r = -0.40, P = 0.01) and plasma GPx (r = -0.23, P = 0.03) concentrations.
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5. Discussion
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Plasma Se and GPx concentrations were significantly
lower in type 2 diabetic patients with macroalbuminuria than other diabetic patients and healthy subjects.
Moreover, we found a negative correlation between albuminuria and plasma Se and GPx levels. Increased oxidative stress and glycosylation play a main pathogenic
role in diabetic endothelial cell dysfunction (12). Several
experimental studies evaluated antioxidant status in
diabetic nephropathy (12, 13). There is a positive correlation between plasma Se concentration and cellular
GPx activity in different tissues (14). Kornhauser et al.
reported a negative correlation between microalbuminuria with plasma Se and GPx concentrations in type two
diabetic patients (7). Plasma GPx level was lower in diabetic patients with microalbuminuria than those without microalbuminuria or control subjects. However, in
another study, plasma Se concentration was not associated with microalbuminuria among American adults
(15). In this study, patients with microalbuminuria had
reduced concentrations of selected antioxidants such as
lycopene and β-cryptoxanthin. Mahmoud Parham et al.
showed that zinc supplementation reduced albuminuria in type 2 diabetic patients with microalbuminuria
(16). Zinc and melatonin or magnesium also decreased
albuminuria in patients with diabetes in other studies
(17, 18). These renal protective effects of zinc may be due
to increased synthesis of antioxidant enzymes such as
GPx and superoxide dismutase (19). As well, in another
study, Se supplementation was effective to increase cellular GPx activity in patients with different stages of
chronic kidney disease (20). It is unclear how microalbuminuria increases cardiovascular risks or renal failure progression (15). In one study, microalbuminuria
was related to proximal tubule injury and loss of glomerular filtration barrier integrity (21). As well, microalbuminuria is a marker of endothelial cell dysfunction
due to numerous factors, including inflammation, insulin resistance, and oxidative stress (22, 23). Ozdemir et
al. reported that diabetic patients with microalbuminuria had significantly lower serum GPx level compared
to healthy subjects (24). Finally, our study had some limitations. First, we did not measure cellular GPx activity
in our patients. However, other studies have shown that
oxidative stress is associated with cellular GPx activity in
patients with diabetes (25). Second, we did not analyze
plasma Se and GPx levels in diabetic patients with renal
failure. Some studies suggested that Se supplementation might decrease oxidative stress and progression of
chronic kidney disease (20, 26). In summary, this study
showed that plasma Se and GPx concentrations were
significantly and negatively associated with the severity
of diabetic nephropathy in patients with type 2 diabetes
mellitus. More studies are needed to determine the association between plasma Se and GPx levels with renal
failure progression in these patients.
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