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The oxidant–antioxidant balance of the organ-
ism should be protected to maintain a healthy life. 
Free radicals are produced endogenously during the 
normal metabolic process (1). Free radicals have the 
potential to damage and interact with the cell com-
ponents, such as lipids, nucleic acids, and proteins, in 
the body. Oxidative stress may develop due to the in-
sufficiency of the antioxidant defense system and/or 
increase in free radical formation in the organism (2,3). 
It is important to maintain the correct levels of reactive 
oxygen species (ROS) and reactive nitrogen species in 
the body. Therefore, many antioxidant systems are ac-

tivated to reduce the toxicity of free radicals (4).
Obesity is defined as a chronic disease caused by 

excess energy consumption. In obese patients, oxygen 
consumption and mitochondria-induced superoxide, 
hydroxyl radical, and hydrogen peroxide formation 
increase due to the increase in mechanical load. The 
myocardial metabolism in oxidative stress further in-
creases in obesity, especially due to the overproduc-
tion of ROS and poor antioxidant system, resulting 
in protein, lipid, and DNA damage (5). The thiol pool  
in the plasma is largely composed of low-molecular-
weight thiols such as albumin, cysteinyl glycine, ho-
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mocysteine, cysteine (Cys), g-glutamylcysteine, and 
glutathione6. Thiols react with oxidants and gener-
ally form disulfide bonds in the cell (2). When oxida-
tive stress increases, the oxidation of Cys residues may 
result in the reversible formation of mixed disulfide 
bonds between the low-molecular-weight thiols and 
the protein thiol groups. These disulfide bonds can 
be reduced back to the thiol groups, and eventually 
thiol/disulfide homeostasis is maintained (7). Studies 
have shown that thiol/disulfide homeostasis plays an 
important role in signal transduction, detoxification, 
apoptosis, and cellular signal transduction (8). The 
present study aimed to investigate the relationship 
between BMI and thiol/disulfide homeostasis, which 
is  a new marker of oxidative stress.

MATERIALS AND METHODS

A total of 328 patients admitted to the Family 
Medicine Polyclinic of Karabük Training and Research 
Hospital, Turkey, between January 2019 and February 
2019 were included in the study.

The demographic characteristics, additional dis-
eases, smoking history (more than 10 cigarettes per 
day in about 10–20 years), and BMI of the patients 
were evaluated. Patients with chronic diseases (hyper-
tension, diabetes mellitus, rheumatic diseases, liver 
failure, and so forth) and patients with active malig-
nancy were excluded from the study. 

The blood samples of the participants were put 
into plain tubes during hospitalization. The serum was 
taken after the samples were centrifuged at 1500g for 
10 min and stored at –80°C until analysis. Thiol/disul-
fide homeostasis was investigated as described previ-
ously. First, reducible disulfide bonds reduced to form 
free functional thiol groups. Reaction with 5,5’-dithio-
bis-(2-nitrobenzoic) acid was performed, and all thiol 
groups were detected. The difference between total 
and native thiols was calculated, and half of it provided 
the dynamic disulfide amount (−S-S). Native thiol (−SH) 
and  disulfide amounts (−S-S) were determined. Then, 
native thiol/disulfide (−S-S−/−SH), native thiol/total 
thiol, and disulfide /total thiol ratios were calculated. 

The patients were divided into four groups ac-
cording to BMI measurements as follows: BMI <18.5, 
BMI 18.5–24.9, BMI 25–29.9, and BMI ≥30, and also 
divided into two groups as smokers and nonsmokers. 
The relationships of patient’s native thiol, total thiol, 

disulfide, disulfide/native thiol, disulfide/total thiol, 
and  native/total thiol values with the BMI and smok-
ing status were statistically analyzed.

Consent was obtained from all patients, with ethi-
cal approval from Karabük University (1867350).

Statistical analyses

Data were analyzed using SPSS for Windows 
v.15.0 (SPSS,Inc., IL, USA). Descriptive and frequen-
cy analyses were performed. A general linear model 
was used to evaluate independent categorical and 
numeric variables. The level of statistical signifi-
cance was set at P <0.05.

RESULTS

Of the 328 patients, 57.3% were female and 
42.7% were male. The mean age and BMI of the fe-
male and male patients were 38.6 and 30.2, respec-
tively. Among admitted patients with BMI measure-
ments, 1.5% had a BMI (kg/m2) <18.5, 18.9% a BMI 
between 19 and 24.9, 30.8% a BMI between 25 and 
29.9, and 48.8% a BMI >30. Further, 37.2% of the 
patients were smokers (Table 1). A negative corre-
lation was found between BMI and native thiol and 
total thiol values. However a positive correlation was 
found between the values of disulfide, disulfide/na-
tive thiol, disulfide/total thiol, and native/total thiol  
and the increase in the BMI (Table 2).

The same correlation was also observed in obese 

 Table 1: General characteristics of patients

N %

Age, year, mean (range) 38.6 (17–79)

Sex

     Male 140 42.7

     Female 188 57.3

BMI, kg/m2

     <18.5 5 1.5

     19–24.9 62 18.9

     25–29.9 101 30.8

     >30 160 48.8

Smoking

     Smokers 122 37.2

     Nonsmokers 206 62.8
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18.5 19–24 25–29 30

Native SH 413.6 ± 36.7 388.2 ± 7.7 359.3 ± 6.7 314.6 ± 5.7

Total thiol 456.4 ± 39.4 429.3 ± 8 405.6 ± 5.2 356.7 ± 5.3

Disulfide SS 21.3±2.4 20.5 ± 0.7 20.0 ± 0.5 19.0 ± 0.5

SSSH 5.2 ± 0.5 5.4 ± 0.2 5.6 ± 0.1 6.1 ± 0.1

SS total thiol 4.7 ± 0.4 4.8 ± 0.1 5.0 ± 0.1 5.3 ± 0.1

SH total thiol 90.5 ± 0.8 90.3 ± 0.3 89.6 ± 0.3 88.8 ± 0.3

Age 32.0 ± 6.9 32.2 ± 1.7 37.4 ± 1.0 42.1 ± 1

Weight 49 ± 1.9 63.9 ± 1.4 75.7 ± 0.9 90.4 ± 1.1

BMI 17 ± 0.3 21.8 ± 0.2 26.8 ± 0.1 36.1 ± 0.3

subgroups (BMI >30 kg/m2) (Table 3). The BMI was 
found to be an independent variable for all thiol val-
ues except disulfide in the analysis with the general 
linear model. These parameters were not statistically 
significant for disulfide levels. Age and sex were sta-
tistically significant for total thiol and native thiol lev-
els. The BMI had the highest partial eta squared and 
was found to be the most effective variable for total 

thiol and native thiol levels (Table 4).

DISCUSSION
Obesity is a disease with high mortality and mor-

bidity due to health complications. It is characterized 
by an excessive increase in fat tissue in the body as a 
result of excess energy consumption. Many chronic 
diseases such as hypertension (HT), cardiovascular 

 Table 2: Mean values according to BMI.

 Table 3: Mean values in obese patients according to BMI. 

30–34 35–39 40

Native SH 335.3 ± 8.0 308.5 ± 12.4 280.0 ± 8.3

Total thiol 376.0 ± 7.1 360.6 ± 10.2 316.8 ± 9.1

Disulfide SS 18.9 ± 0.8 20.0 ± 0.9 18.3 ± 1.0

SSSH 5.7 ± 0.2 6.3 ± 0.2 6.6 ± 0.3

SS total thiol 5.1 ± 0.2 5.5 ± 0.2 5.7 ± 0.3

SH total thiol 89.1 ± 0.4 88.5 ± 0.4 88.4 ± 0.6

Age 41.1 ± 1.2 45.2 ± 2.5 41.4 ± 2.0

Weight 88.5 ± 1.3 92.3 ± 2.0 103.7 ± 2.6

BMI 32.0 ± 0.1 37.2 ± 0.2 43.0 ± 0.3

 Table 4: Univariant analyses with the general linear model.

Native 
SH

Total 
thiol

Disulfide SS SSSH SStotal 
thiol

SHtotal
thiol

P
value

Partial 
eta 

squared

P
value

Partial 
eta 

squared

P
value

Partial eta 
squared

P
value

Partial eta 
squared

P
value

Partial 
eta 

squared

P
value

Partial 
eta 

squared

Age 0.000 .051 0.000 .070 0.125 .007 0.635 .001 0.634 .001 0.570 .001

BMI 0.000 .155 0.000 .210 0.065 .011 0.009 .021 0.015 .018 0.014 .019

Smokers 0.604 .001 0.624 0.001 0.205 .005 0.208 .005 0.199 .005 0.169 .006

Sex 0.000 .054 0.000 0.040 0.162 .006 0.923 .000 0.954 .000 0.415 .002
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disease (CVD), insulin resistance (ID), and type 2 dia-
betes (T2D) have become even more critical with the 
increase in obesity (9). In some cases, an imbalance 
occurs between the ROS and/or free radicals and 
the antioxidant system. This condition called oxida-
tive stress plays an important role in the etiology of 
obesity, T2D, and CVD. Many studies have reported 
that obesity increases oxidative stress,  which is as-
sociated with the formation of fat tissue contributing 
to the development of obesity and metabolic syn-
drome (10).

The present study was novel in evaluating the 
relationship between dynamic thiol/disulfide ho-
meostasis in the serum of patients and BMI using 
new, automated, calorimetric methods and values of 
native thiol, total thiol, disulfide, disulfide/native thi-
ol, disulfide/total thiol, and native/total thiol. Some 
recent studies explored thiol/disulfide hemostasis. 
Üstüner et al. investigated native thiol, total thiol, 
and disulfide blood levels in 30 healthy controls and 
30 patients with vitiligo. They found an increase in 
disulfide/native thiol and disulfide/total thiol values 
and blood disulfide levels, indicating thiol/disulfide 
imbalance in vitiligo as a result of oxidative stress 
and tissue inflammation. In addition, the levels of 
disulfide and total thiol strongly correlated with the 
severity of vitiligo (11).

Kundi et al. investigated the role of thiol/disul-
fide homeostasis in the presence of slow coronary 
flow. They found significant differences in thiol/disul-
fide  homeostasis and slow coronary flow among the 
normal-flow groups. The results of the study showed 
that the high-sensitivity C-reactive protein and thiol/
disulfide ratio were independently associated with 
the slow coronary flow (12). 

Ates et al. performed a study on 125 (54 male 
and 71 female) healthy volunteers and 125 (54 male 
and 71 female) prediabetic patients, who were aged 
more than 18 years and had not received any treat-
ment earlier. They investigated the changes in the 
native thiol/disulfide ratio in both groups using the 
automatic measurement method developed by Erel 
and Neselioğlu. The native thiol (P < 0.001), total thiol 
(P = 0.008), and native thiol/total thiol (P = 0.022)  val-
ues were lower, while the disulfide, disulfide/native 
thiol, and disulfide/total thiol values were higher, in 
prediabetic patients compared with controls. Fur-
ther, a positive correlation was detected between 
disulfide and fasting blood glucose levels and gly-
cated hemoglobin (HbA1c). This study showed that 

thiotoxidation increased in prediabetic patients, and 
a positive correlation was found between disulfide 
and blood glucose and HbA1c levels (13).

In the present study, native thiol and total thiol 
values were found to be higher in patients with low 
BMI. However, disulfide, disulfide/native thiol, disul-
fide/total thiol, and native/total thiol values were 
found to be significantly higher with the increase in 
BMI, in parallel with the increase in oxidative stress. 
No significant difference was found in the thiol val-
ues of the smokers and nonsmokers.

CONCLUSIONS
It is predicted that thiol/disulfide homeostasis 

measurements can be effectively used, especially 
while choosing between medical and/or surgical 
treatment of obese patients because these measure-
ments are cheap and easily applicable and accessi-
ble. Also,  they can evaluate reduced oxidative stress 
in parallel with weight loss. 
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