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Abstract

Objective: To investigate the potential role of thiol/disulphide homeostasis as a novel biomarker of oxidative stress in pa-
tients with diabetes and undergoing hemodialysis (HD) and its correlation with other oxidative stress markers.
Materials and Methods: This study included 82 patients with end-stage renal disease undergoing HD for four hours, three 
times weekly for more than 24 months in the dialysis center. Of the 82 patients, 47 were non-diabetic and 35 were diabet-
ic. Blood samples were collected from the patients before and after the HD sessions. The thiol/disulfide pair tests were 
performed and total antioxidant status (TAS), total oxidant status (TOS), oxidative stress index (OSI), ischemia-modified 
albumin (IMA) levels, albumin levels, ceruloplasmin, catalase activity (CAT), and myeloperoxidase (MPO) activity were de-
termined in the serum. 
Results: The TAS values in all the patients, both diabetic and non-diabetic, decreased significantly after HD (p<0.001, 
p=0.003, and p<0.001; respectively). The TOS, albumin, native thiol (p=0.001, p=0.007, p=0.001, respectively), OSI, CAT, 
ceruloplasmin, IMA, MPO, and total thiol (p<0.001, p<0.001, p<0.001, p<0.001, p<0.001, and p<0.001, respectively) values 
increased significantly in all the patients after the HD session. The TOS, OSI, CAT, IMA, albumin, MPO, native thiol, and per-
centages of native/total thiol, ceruloplasmin, and total thiol values (p=0.002, p=0.002, p=0.002, p=0.001, p=0.008, p=0.001, 
p=0.001, p=0.003, p=0.023, and p<0.001; respectively) increased significantly in patients with diabetes after the HD session. 
Conclusion: In this study, we demonstrated the relationship between oxidative stress markers, which play a significant role 
in the pathogenesis of diabetes, and thiol/disulfide balance undergoing HD patients.
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INTRODUCTION 
Diabetes mellitus (DM), usually called diabetes, is a met-
abolic illness and is characterized by relative or total in-
sulin deficiency. Today, diabetes is known to be one of 
the main causes of mortality and morbidity worldwide 
(1). The relative risk for diabetes around the world is ex-
pected to reach 642 million individuals by 2040. Approxi-
mately 40% of individuals with diabetes develop chronic 
kidney disease (CKD) (2). DM is the most common cause 
of CKD. The kidney plays a role in insulin resistance and 
gluconeogenesis. When people with CKD have reduced 
insulin clearance, they become more sensitive to hypo-
glycemia (3).

CKD is a widespread health issue, and various sub-
stances accumulate and/or are deficient in patients 
with CKD. These patients have an elevated potential 
of developing oxidative stress related to metabolic 
disorders, immune deficiency, and persistent inflam-
mation (4). Chronic inflammation is a common con-
dition that develops during the dialysis treatment. 
Myeloperoxidase (MPO) produced from superoxide 
anion, hydrogen peroxide, and chlorinated oxidants 
in activated neutrophils is negatively related to ure-
mia and hemodialysis (HD), and even the dialysis me-
dia are considered a model for oxidative stress. It is 
assumed that HD triggers circulating neutrophils to 
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develop free oxygen radicals and induce oxidative stress in 
patients undergoing HD depending on the weakening of the 
antioxidant system (5).

Oxidative stress caused by an increment in the reactive oxygen 
species (ROS) and reduction in antioxidant defense system is 
common in numerous health problems such as CKD (6). ROS 
activate enzymatic and non-enzymatic antioxidant defense 
systems. Superoxide dismutase, catalase (CAT), and gluta-
thione peroxidase (GPX) are the enzymatic antioxidants. The 
non-enzymatic antioxidants are thiols, which contain sulfhydryl 
groups (-SH). Total extracellular and intracellular thiol levels are 
composed of thiols that are free, in the form of diminished glu-
tathione (GSH), or bound to proteins (7). Thiols existing in plas-
ma are mostly bound to albumin and other proteins, whereas 
the remaining thiols are present in the structures of low-mo-
lecular-weight thiols, such as cysteine, cysteinyl-glycine, GSH, 
homocysteine, and γ-glutamyl cysteine (8). Oxidant molecules 
oxidize the thiol groups of proteins, which form disulfide con-
nective structures. This reaction is reversible, however, and di-
sulphide connective structures can be reduced to thiol groups 
by maintaining the thiol-disulfide balance (8). Thiol/disulfide 
homeostasis is the basis for detoxification. The markers of 
this homeostasis include proportions of native and total thiol/
disulfide, disulfide/native thiol, native thiol/total thiol, and di-
sulfide/total thiol (9). Measuring thiols in serum gives an indi-
rect result of the antioxidative protection. Thiols can form disul-
fide bonds, which can again be reduced to thiols, which results 
in dynamic thiol/disulfide homeostasis. Dynamic thiol/disulfide 
homeostasis state is involved in antioxidant protection, detox-
ification, signal transduction, apoptosis, and cellular signaling 
mechanisms (8, 9). An abnormal thiol/disulfide homeostasis 
state is involved in the pathogenesis of different illnesses, in-
cluding diabetes, cardiovascular maladies, malignant growths, 
rheumatoid arthritis, CKD, acquired immune deficiency syn-
drome, Parkinson’s and Alzheimer’s diseases, multiple sclero-
sis, and liver disease (7).

Therefore, this study aimed to investigate the possible role of 
thiol/disulphide homeostasis as a novel biomarker of oxidative 
stress in patients with diabetes and undergoing HD and its rela-
tionship with other oxidative stress markers. 

MATERIALS AND METHODS 

Study Design and Patients 
Blood samples of 82 patients with end-stage renal disease 
(ESRD) (41 women and 41 men; mean age, 64.6±14.4 years) un-
dergoing HD for four hours, three times weekly for more than 24 
months in Doğan Dialysis Center (İstanbul, Turkey) were used 
in our study. The blood samples were collected from patients 
before and after HD sessions on the same day. Serum samples 
were transported in cold chain (-20°C) to the Biochemistry 
Department of Yıldırım Beyazıt University School of Medicine 
where analyses were performed. 

The study was conducted after receiving an approval from the 
Clinical Research Ethical Committee of Demiroğlu Bilim Uni-
versity (Approval Number: December 4, 2018; Approvval Date: 
2018-17-13), and all the patients gave informed consent. Of the 
82 patients, 47 were non-diabetic (26 women and 21 men; mean 
age, 61.1±16.3 years) and 35 were diabetic (15 women and 20 
men; mean age, 69.3±9.8 years). The study group included pa-
tients who did not use substances, such as cigarettes and alco-
hol, and did not have inflammatory and chronic liver disease.

Biochemical Measurements
The thiol/disulfide pair tests in the serum were determined using 
the method by Erel and Neselioglu (10), which is based on the 
principle of measuring the reduced thiol groups and existing na-
tive thiols (µmol/L) for the total thiol (μmol/L) amounts that were 
analyzed with 5, 5′-dithiobis-(2-nitrobenzoic) acid (Merch; Darm-
stadt, Germany). Disulfide levels (μmol/L) were determined as 
half of the subtraction of native thiol from total thiol levels. 

Total antioxidant status (TAS; mmol Trolox eq/L), total oxidant 
status (TOS; µmol H2O2 eq/L), and oxidative stress index (OSI; 
arbitrary unit) were detected using commercial kits (Rel Assay 
Diagnostics; Gaziantep, Turkey) (11, 12). A dark blue-green col-
ored 2, 2’-azino-bis (3-ethylbenzthiazoline-6-sulphonic acid) 
(ABTS) radical is reduced to a colorless reduced ABTS form with 
antioxidants. The change of absorbance at 660 nm is related 
to the TAS level of the sample. Oxidants existing in the sample 
oxidize the ferrous ioneo-dianisidine complex to the ferric ion. 
The ferric ion forms a colored complex with xylenol orange in an 
acidic medium. The change of absorbance at 530 nm is related 
to TOS level of the sample. The OSI levels in the sample were 
detected as the ratio of the TOS level to TAS level. 

In our study, the ischemia-modified albumin (IMA; ABSU) lev-
el in serum was measured by a method reported by Das et al. 
(13) on the basis of the spectrophotometric measurement (470 
nm) of color production because of the reaction of albumin-co-
balt with dithio-threitol. The reaction was performed by add-
ing 50 µL of 0.1% cobalt (II) chloride hexahydrate (CoCl2; Merch; 
Darmstadt, Germany), 50 µL of 1.5 mg/mL dithiothreitol (Merch; 
Darmstadt, Germany), and 1 µL of 0.9% sodium chloride solu-
tion (Merch; Darmstadt, Germany). 

Main Points

•	 Thiol/disulphide parameters can be used as a novel oxida-
tive stress biomarker in patients with diabetes undergoing 
hemodialysis.

•	 Serum thiol/disulfide homeostasis appears to be a valu-
able marker for oxidative stress. Therefore, oxidative stress 
markers were found to be high in patients with diabetes un-
dergoing dialysis.

•	 An abnormal thiol/disulfide homeostasis may play a role in 
the HD patients.
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Serum ceruloplasmin level (U/L) is automated and colorimetric 
and is based on the enzymatic oxidation of ferrous ion to ferric 
ion (14). Albumin levels (g/dL) were measured by a clinical bio-
chemistry autoanalyzer (Roche; Mannheim, Germany). 

CAT activity was determined according to the Goth’s method (15). 
After incubation of the sample (0.2 mL) in 1.0 mL of 65 mmol per 
H2O2 in 60 mmol/L sodium-potassium phosphate (Merch; Darm-
stadt, Germany) buffer (pH 7.4) at 37°C for 60 seconds, the enzy-
matic reaction was halted by addition of 1.0 mL of 32.4 mM am-
monium molybdate (Merch; Darmstadt, Germany). The yellow 
complex formed by molybdate and H2O2 was measured at 405 
nm. One unit of CAT decomposes 1 μmol of H2O2 per minute under 
these conditions; kU/L was used as the unit for the results. 

Serum MPO activity assay was performed per the method of 
Bradley et al. (16) with some modifications. The method was 
based on the formation of yellowish orange color formed by ox-
idation of o-dianisidine (Merch; Darmstadt, Germany) with MPO 
in the presence of H2O2. Color formation was kinetically mea-
sured at 460 nm, and 1 unit of MPO was defined as that degrad-
ing 1 μmol of H2O2 per minute at 25°C, U/L of serum was used to 
express MPO activity.

The percentage of changes of biochemical parameters before 
and after HD (that is, Δ parameter) was calculated as the differ-
ence between the values before and after the HD sessions divid-
ed by the values before HD session and the result multiplied by 
a hundred. 

Statistical Analysis
Statistical analyses were performed using the Statistical Pack-
age for the Social Sciences version 22.0 program (IBM Corp.; 
Armonk, NY, USA). The Shapiro-Wilk test was used to assess 
the normality of distribution of numerical variables. The nor-
mally distributed variables were presented as mean±standard 
deviation. Median values were used when normal distribution 
was absent. The student’s t test (for the parametric variables) 
and the Mann-Whitney U test (for the non-parametric vari-
ables) were performed to compare the variables of diabetic 
and non-diabetic groups. The paired t test (for the parametric 
variables) and the Wilcoxon test (for the non-parametric vari-
ables) were performed to compare variables before and after 
HD session. Non-parametric numerical data were presented as 
median (minimum-maximum), and p<0.050 was accepted as 
statistically significant.

RESULTS
Table 1 shows the comparison of parameters before and after 
HD in all the patients. TOS, OSI, CAT, ceruloplasmin, IMA, albu-
min, MPO, native thiol, total thiol, and percentage of native/
total thiol increased significantly after HD session (p=0.001, 
p<0.001, p<0.001, p<0.001, p<0.001, p=0.007, p<0.001, p=0.001, 
p<0.001, and p=0.033, respectively). TAS, percentage of disul-
fide/native thiol, and percentage of disulfide/total thiol de-
creased significantly after the HD session (p<0.001, p=0.031, 
and p=0.035, respectively). The disulfide value increased after 
the HD session, but the p value was not statistically significant 
(p=0.050).

Table 1. Comparison of the values before and after hemodialysis in all patient population (diabetic+non-diabetic)

Parameters Before hemodialysis session After hemodialysis session p

TAS (mmol Trolox eq/L) 2.201±0.410 1.884±0.381 <0.001

TOS (µmol H2O2 eq/L) 1.485 (0.897-2.492) 2.230 (1.387-3.615) 0.001

OSI (arbitrary unit) 0.068 (0.038-0.119) 0.140 (0.063-0.190) <0.001

CAT (kU/L) 40.400 (16.675-72.392) 72.400 (44.800-120.225) <0.001

Ceruloplasmin (U/L) 537.997±122.902 599.832±138.367 <0.001

IMA (mg/dL) 0.159±0.036 0.190±0.058 <0.001

Albumin (g/dL) 4.148±1.485 4.665±1.423 0.007

MPO (U/L) 76.155 (53.195-115.085) 114.225 (82.485-162.562) <0.001

Native thiol (µmol/L) 225.393±100.752 285.853±98.400 0.001

Total thiol (μmol/L) 261.034±103.391 328.665±99.610 <0.001

Disulfide (μmol/L) 16.425 (13.562-21.162) 19.125(12.337-24.512) 0.050

Percentage disulfide/native thiol 7.600 (5.975-11.625) 6.500 (4.550-9.900) 0.031

Percentage disulfide/total thiol 6.600 (5.275-9.425) 5.750 (4.175-8.225) 0.035

Percentage native/total thiol 86.850 (81.075-89.350) 88.550 (83.500-91.650) 0.033

TAS: total antioxidant status; TOS: total oxidant status; OSI: oxidative stress index: CAT: catalase; IMA: ischemia-modified albumin; MPO: myeloperoxidase
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Table 2 shows the comparison of parameters before and after 
the HD session in patients with DM. TOS, OSI, CAT, ceruloplas-
min, IMA, albumin, MPO, native thiol, total thiol, and percentage 
of native/total thiol increased significantly after the HD session 
in the diabetic patient population (p=0.002, p=0.002, p=0.002, 
p=0.023, p=0.001, p=0.008, p=0.001, p=0.001, p<0.001, and 
p=0.003, respectively). TAS, percentage of disulfide/native thi-
ol, and percentage of disulfide/total thiol decreased significant-
ly after HD session in the diabetic patient population (p=0.003, 
p=0.003, and p=0.003, respectively). However, the disulfide val-
ue did not change significantly after the HD session in the dia-
betic patient population (p=0.787).

Table 3 shows the comparison of parameters before and after 
the HD session in the non-diabetic patient population. OSI, CAT, 
ceruloplasmin, IMA, MPO, and disulfide increased significant-
ly after the HD session in the non-diabetic patient population 
(p=0.019, p=0.005, p=0.002, p=0.003, p=0.006, and p=0.010, re-
spectively). TAS decreased significantly after the HD session in 
the non-diabetic patient population (p<0.001). TOS and total 
thiol increased after HD session, but the p value was not statis-
tically significant (p=0.066 and p=0.054, respectively). However, 
albumin, native thiol, percentage of disulfide/native thiol, per-
centage of disulfide/total thiol, and percentage of native/total 
thiol did not change significantly after the HD session in non-di-
abetic patient population (p>0.050).

Table 4 shows the comparison of the percentage of changes in 
biochemical parameters before and after the HD session be-

tween patients with and without DM. There was no significant 
difference between the 2 groups of patients in terms of the per-
centage of changes in all biochemical parameters (p>0.05).

DISCUSSION 
Albumin is the most abundant and important protein in blood 
plasma, and 585 amino acid residues and one free thiol group 
are present in human serum albumin. Albumin is an excellent 
scavenger of oxidants in the human plasma that can inhibit 
hydroxyl and peroxyl radicals (4). Serum albumin is an import-
ant parameter for the evaluation of prognosis in patients on 
chronic HD. Serum albumin levels decrease before the start of 
HD (17). In our study, albumin levels after HD were significant-
ly higher than those before HD in all the groups. Bhonsle et 
al. (18) have shown that albumin synthesis and secretion de-
creases owing to insulin deficiency in patients with DM. A study 
by Tayeb et al. (19) have shown increase in albumin levels af-
ter dialyzer membrane change; therefore, decrease/increase 
in plasma albumin levels after HD is affected by factors, such 
as diet, lifestyle, inflammation, disease, drugs, and so on. Fur-
thermore, HD includes parameters, such as vascular access, 
blood flow rate, dialysis membrane, dialysis content, dialysis 
flow rate, ultrafiltration (UF) amount, dialysis time-frequency, 
and anticoagulants used, and each parameter can affect the 
level of albumin. For example, as the fluid that needs to be 
removed as well as UF during an HD session increases and the 
dialysis time decreases, the rate of required fluid removed in-
creases. As UF increases, albumin level increases because of 
excessive fluid loss. Therefore, it may be thought that UF may 

Table 2. Comparison of parameters before and after hemodialysis in patients with diabetes

Parameters Before hemodialysis session After hemodialysis session p

TAS (mmol Trolox eq/L) 2.163±0.435 1.853±0.356 0.003

TOS(µmol H2O2 eq/L) 1.420 (0.890-2.080) 2.320 (1.240-3.560) 0.002

OSI (arbitrary unit) 0.062 (0.037-0.108) 0.145 (0.064-0.189) 0.002

CAT (kU/L) 47.800 (16.100-75.369) 67.400 (34.900-104.900) 0.002

Ceruloplasmin (U/L) 568.450±119.376 619.832±123.833 0.023

IMA (mg/dL) 0.153±0.036 0.186±0.042 0.001

Albumin (g/dL) 3.964±1.374 4.569±1.350 0.008

MPO (U/L) 91.533±40.125 125.231±41.909 0.001

Native thiol (µmol/L) 208.200±83.560 298.134±90.199 0.001

Total thiol (µmol/L) 245.871±83.636 336.186±88.726 <0.001

Disulfide (µmol/L) 16.400 (13.850-21.350) 17.850 (10.700-23.900) 0.787

Percentage disulfide/native thiol 9.200 (6.400-12.400) 5.900 (3.000-9.300) 0.003

Percentage disulfide/total thiol 7.700 (5.700-9.900) 5.300 (2.900-7.800) 0.003

Percentage native/total thiol 84.500 (80.100-88.700) 89.500 (84.400-94.300) 0.003

TAS: total antioxidant status; TOS: total oxidant status; OSI: oxidative stress index: CAT: catalase; IMA: ischemia-modified albumin; MPO: myeloperoxidase
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also have an effect on the level of albumin after an HD session. 
In addition, ongoing research has suggested that the concen-
tration of albumin in patients undergoing HD depends on both 
nutrition and inflammation (20).

IMA, a relatively new marker, is formed as a consequence of 
modification of albumin by ROS. IMA has been studied mostly 
in the context of cardiac ischemia. However, it has been demon-
strated that IMA levels also increase in conditions not related to 

Table 3. Comparison of parameters before and after hemodialysis in patients without diabetes

Parameters Before hemodialysis session After hemodialysis session p

TAS (mmol Trolox eq/L) 2.229±0.393 1.908±0.401 <0.001

TOS(µmol H2O2 eq/L) 1.600 (0.990-2.930) 2.140 (1.410-3.780) 0.066

OSI (arbitrary unit) 0.070 (0.038-0.138) 0.117 (0.060-0.196) 0.019

CAT (kU/L) 36.300 (16.700-71.400) 81.600 (46.300-128.300) 0.005

Ceruloplasmin (U/L) 515.318±121.793 584.938±147.809 0.002

IMA (mg/dL) 0.162±0.036 0.192±0.067 0.003

Albumin (g/dL) 4.285±1.563 4.738±1.486 0.124

MPO (U/L) 63.370 (50.560-113.720) 108.780 (72.340-165.110) 0.006

Native thiol (µmol/L) 238.195±111.003 276.708±104.095 0.133

Total thiol (µmol/L) 272.325±115.532 323.064±107.600 0.054

Disulfide (µmol/L) 17.050±6.544 23.151±14.536 0.010

Percentage disulfide/native thiol 8.289±4.051 10.343±10.955 0.222

Percentage disulfide/total thiol 6.911±0.289 7.670±5.189 0.398

Percentage native/total thiol 86.174±5.793 84.657±10.381 0.399

TAS: total antioxidant status; TOS: total oxidant status; OSI: oxidative stress index: CAT: catalase; IMA: ischemia-modified albumin; MPO: myeloperoxidase

Table 4. Comparison of the percentage of changes in biochemical parameters before and after hemodialysis between patients with and without diabetes

Parameters Diabetic patient group Non-diabetic patient group p

TAS (mmol Trolox eq/L) 28.903 (21.303-33.786) 23.387 (17.750-34.250) 0.164

TOS (µmol H2O2 eq/L) 62.914 (32.973-173.239) 71.154 (36.181-219.697) 0.456

OSI (arbitrary unit) 105.747 (53.878-247.350) 87.170 (38.255-365.503) 0.848

CAT (kU/L) 86.742 (31.120-208.549) 107.328 (59.818-387.853) 0.140

Ceruloplasmin (U/L) 19.592 (6.736-28.390) 26.368 (10.673-43.160) 0.167

IMA (mg/dL) 26.207 (7.653-46.452) 19.328 (6.433-38.235) 0.426

Albumin (g/dL) 23.588 (14.681-38.333) 27.591 (16.602-57.664) 0.636

MPO (U/L) 37.170 (22.955-120.293) 67.451 (46.444-143.109) 0.275

Native thiol (µmol/L) 83.508 (44.350-106.313) 57.491 (44.936-104.537) 0.318

Total thiol (μmol/L) 68.102±37.827 65.202±35.673 0.724

Disulfide (μmol/L) 26.914 (12.253-63.469) 42.364 (25.468-76.887) 0.116

Percentage disulfide/native thiol 56.522 (31.088-74.328) 48.649(20.833-95.454) 0.753

Percentage disulfide/total thiol 52.349 (24.561-66.129) 42.373 (20.554-81.481) 0.729

Percentage native/total thiol 7.938 (4.808-15.633) 6.715 (2.941-14.377) 0.251

TAS: total antioxidant status; TOS: total oxidant status; OSI: oxidative stress index: CAT: catalase; IMA: ischemia-modified albumin; MPO: myeloperoxidase
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cardiac ischemia, such as in DM and ESRD as well as HD (21). 
In this study, an increase in IMA levels after HD session was ob-
served compared with the IMA levels before HD session, and this 
was statistically significant. The elevation in IMA can be related 
to the increased oxidative stress rate typically encountered in 
patients undergoing HD. Oxidative stress is also involved in the 
pathophysiology of DM. Sadik et al. (22) have found that the 
serum levels of IMA were significantly higher in patients with 
DM than in healthy individuals without diabetes. However, con-
flicting results have also been reported. Although a few studies 
have reported elevated levels of IMA in patients with diabetes, 
others have not reported differences between the IMA levels in 
patients with DM and those in controls (23). In this study, we 
found significantly higher IMA levels in patients with or without 
DM after HD session, and this was statistically significant. 

Patients undergoing HD have shown expanded inflammation 
and lipid peroxidation. The HD procedure hastens the forma-
tion and accumulation of oxidative products through activa-
tion of platelets, supplement, and polymorphonuclear (PMN) 
white platelets (24). MPO is stored in abundant amounts in 
the primary granulocytes of PMNs and is secreted by activated 
neutrophils. The increased MPO levels are said to be a result of 
degranulation of PMN cells, released through the dialyzer mem-
brane. MPO catalyzes the reaction between the chloride ion and 
hydrogen peroxide to form a mighty oxidant, sodium hypochlo-
rite, as the product. Therefore, every session of HD causes the 
release of this enzyme, the aggregate impact of which would 
be significantly progressively harmful. The consequences of 
this study are in concurrence with those of other studies whose 
results show a significant increase in MPO after a single HD 
session (25). The relationship between DM and MPO has been 
investigated by previous studies (26); however, there are a lim-
ited number of studies investigating the relationship between 
HD and patients with DM and MPO levels. In our study, MPO ex-
pression was found to be higher in patients with DM before and 
after HD than that in patients without DM before and after HD. 
We also found statistically higher MPO levels in patients with or 
without DM after an HD session.

Although dialysis gives comfort to patients on HD, long-term 
dialysis treatment causes numerous manifestations, presum-
ably because of the imbalance between ROS synthesis and 
breakdown. Materials of the HD membrane may affect both the 
development of ROS by activating PMN cells and monocytes 
and the reduction of antioxidant capacity of the body because 
of the loss of hydrophilic antioxidants during the HD session, 
the utilization of liposoluble antioxidant enzymes, changes in 
the lipid part of biological liquids in addition to the deficiency 
of coenzyme and antioxidant enzyme dysfunction (4). A single 
session of HD can decrease the levels of antioxidants, such as 
TAS and arylesterase; as a result, HD causes reduction in the an-
tioxidant (6). In our study, OSI levels were higher after the HD 
session. According to a study by Gonzales Rico et al. (27), losses 
of antioxidant enzymes during HD session and utilization of less 

biocompatible membranes are the variables that might play a 
role in the imbalance of the oxidative and antioxidative systems 
in patients undergoing HD. Each one of these factors increases 
the oxidative stress in patients undergoing HD.

In this study, we analyzed both TOS and TAS levels in patients 
with and without DM before the HD session and found signifi-
cant differences compared with those after the HD session. The 
TAS levels decreased, whereas TOS levels increased after HD. 
The most striking finding was that as HD in patients with DM 
progressed, TOS increased and TAS decreased. The highest TOS 
levels and the lowest TAS levels were found in patients with DM 
after the HD session. Parallel to our results, Ruskovska et al. (28) 
have reported that before the HD session, the patients had sig-
nificantly higher levels of TAS than those after HD session, and 
lower concentrations of serum TOS before the HD session than 
after the HD session were also observed. We also found low TAS 
levels in patients with DM, both before and after HD session, 
compared with those in patients without DM. This study is simi-
lar to the study by Sarah et al. (29), which reported significantly 
lower levels of TAS in patients with DM than in controls. They 
have also suggested that TAS may be used as a sole marker of 
oxidative stress (30).

In our study, the plasma levels of CAT and ceruloplasmin, as 
antioxidant enzymes, increased after HD in agreement with 
the study by Tajbakhsh et al. (31) and Ashok et al. (32). Further-
more, increased CAT and ceruloplasmin levels were observed in 
both patients with and without DM after an HD session, and this 
was statistically significant. It may be strongly assumed that HD 
directly affects the antioxidant status in patients with and with-
out DM.

Disruption of the antioxidant balance by various factors is one 
of the possible causes of increased morbidity in patients under-
going HD. Abnormal thiol/disulfide levels are associated with 
oxidative stress (8). In our results, native thiol, total thiol, and 
disulfide levels after an HD session were found to be higher than 
those before the HD session. We also compared native thiol and 
total thiol in patients with and without DM before and after HD 
sessions. The most striking increase was observed in patients 
with DM after the HD session, and this was statistically signif-
icant. Disulfide levels were increased in non-diabetes group 
after HD session, and this was also statistically significant. 
However, in the diabetes group, this was not statistically signif-
icant. In our study, the percentage of disulfide/native thiol and 
percentage of disulfide/total thiol levels were decreased after 
HD session. Moreover, the percentage of disulfide/native thiol 
levels and percentage of disufide/total thiol levels significantly 
decreased in patients with DM after the HD session, but percent-
age of disulfide/native thiol levels and percentage of disulfide/
total thiol levels increased in patients without DM after the HD 
session, although this was not statistically significant. Percent-
age of native/total thiol levels decreased in non-diabetes group 
after the HD session but percentage of native/total thiol levels 
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was significantly increased after HD session in the diabetes 
group. Dynamic thiol/disulfide homeostasis status appears to 
play important roles in antioxidant protection, detoxification, 
signal transduction, apoptosis, regulation of enzymatic activi-
ty and transcription factors, and cellular signaling mechanisms 
(33). Oxidative balance in patients undergoing HD and with DM 
may be improved through HD. There are comparable investiga-
tions in the literature demonstrating the impact of HD on anti-
oxidant homeostasis (8).

CONCLUSION
In this study, the oxidative stress, which plays an important role 
in the pathogenesis of DM in patients undergoing HD (diabetes/
non-diabetes), was evaluated with the thiol/disulfide balance 
and the other oxidative stress markers. Our findings indicated 
that serum thiol/disulfide homeostasis is an accurate marker of 
oxidative stress in these patients. Consequently, an abnormal 
thiol/disulfide homeostasis may play a role in the HD patients.
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