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Abstract. – OBJECTIVE: Obesity, a prevalent 
chronic disease, results from an imbalance be-
tween energy intake and expenditure. The oxida-
tive stress associated with obesity stems from 
an imbalance between reactive oxygen species 
and the cell’s antioxidant defense system. Oxida-
tive stress can cause many diseases. The assess-
ment of thiol/disulfide balance, a biochemical test, 
can be used to detect oxidative stress. The aim of 
this study is to determine the changes in oxidative 
stress associated with obesity after obesity sur-
gery by assessing the thiol/disulfide levels.

PATIENTS AND METHODS: The study was 
conducted with 40 volunteer patients with a 
body mass index (BMI) above 40 who underwent 
obesity surgery at Harran University Hospital 
General Surgery. Thiol and disulfide levels and 
other blood parameters were measured from 
the preoperative and postoperative 2nd and 6th-
month blood samples of the patients. BMI was 
calculated by recording the weights and heights 
of the cases. Patients with diseases that could 
affect oxidative stress measurements and those 
using medication were excluded from the study, 
and the analyses were performed accordingly.

RESULTS: The results showed a statistically 
significant decrease in native thiol, disulfide, re-
duced thiol, oxidized thiol, glucose, ALT (alanine 
aminotransferase), ALP (alkaline phosphatase), 
total cholesterol, HDL (high-density lipoprotein), 
triglyceride, and BMI values between the pre-
operative, 2-month postoperative, and 6-month 
postoperative measurements (p<0.05).

CONCLUSIONS: Restrictive methods such 
as sleeve gastrectomy in individuals with mor-
bid obesity led to weight control and a decrease 
in adipose tissue, reducing oxidative stress and 
increasing antioxidant response.
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Introduction

Obesity is a health condition characterized by 
excessive fat accumulation in the body. Obesity 
means that a person’s weight is above the accept-
ed healthy ranges for their age, gender, and gener-
al health. Obesity can lead to some complications 
with adverse health effects and increase the risk 
of serious diseases, such as heart disease, diabe-
tes, high blood pressure, respiratory problems, 
joint conditions, and some types of cancer1,2.

The increase in reactive oxygen species (ROS) 
can directly or indirectly cause damage in dif-
ferent organs and is known to play a role in the 
pathogenesis of many diseases3-5. The relation-
ship between oxidative stress and various diseas-
es, including myocardial infarction, neurological 
diseases, asthma, diabetes mellitus, rheumatoid 
arthritis, and cancer, has been demonstrated in 
various studies6-8.

It has been reported that oxidative stress may 
be an underlying mechanism for the development 
of obesity and may contribute to obesity-related 
metabolic disorders9. Some scholars10 on obesity 
and oxidative stress have reported that obesity 
increases oxidative stress in relation to body fat 
percentage and BMI. There are several mech-
anisms by which obesity produces ROS. One 
mechanism is the mitochondrial and peroxisomal 
oxidation of fatty acids, and another mechanism 
is the excessive oxygen consumption resulting 
in free radical production in the mitochondrial 
respiratory chain10,11.

Thiols are organic compounds that contain a 
sulfhydryl group (-SH), which consists of a hy-
drogen atom attached to a carbon atom and a sul-
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fur atom. Thiols react with oxidants via disulfide 
(RSH) bonds to form disulfide bonds (RSSR)12. 
This bond is called a disulfide bridge. Oxidative 
stress converts the sulfhydryl group of thiols 
into disulfide. The disulfide bonds formed are 
reduced to thiol groups under suitable conditions 
and become sulfhydryl. Thus, dynamic thiol/
disulfide homeostasis is achieved13. It has been 
reported by Erel and Neselioglu14 that the reduced 
thiol concentration increases, the native thiol 
(SH) concentration decreases, and the disulfide 
(SS) values increase correlatively under oxidative 
stress conditions.

Increased oxidative stress in obese subjects 
may further contribute to the development of ath-
erosclerosis or other cardiovascular ailments15,16. 
In our study, we aimed to investigate whether 
weight control is achieved through bariatric sur-
gery in morbidly obese individuals and, conse-
quently, the reduction of adipose tissue leads to a 
decrease in oxidative stress and/or an increase in 
antioxidant response.

Patients and Methods

Study Design
This study was conducted with 40 cases aged 

18 and 65 who underwent laparoscopic sleeve 
gastrectomy surgery between June and Novem-
ber 2022. This cohort study entailed a retrospec-
tive analysis of data collected prospectively. Age, 
sex, height, weight, body mass index (BMI), and 
laboratory data were analyzed using the obesity 
follow-up forms.

After obtaining informed consent forms from 
obese patients with a BMI over 40 who applied 
to the Department of General Surgery at Harran 
University Hospital, serum obtained from blood 
samples taken during preoperative routine tests 
and serum from routine blood samples taken 
at the 3rd and 6th months after the surgery were 
used. The patient’s height and weight values 
were recorded. Their BMI was calculated using 
the ratio of weight to height (kg/m²), and their 
weight loss rates in the 3rd and 6th months were 
calculated.

Blood samples were obtained from obese pa-
tients with a BMI of 40 or above who applied to 
the Department of General Surgery at Harran 
University Hospital. The serum samples were 
collected from their preoperative routine blood 
tests after obtaining informed consent forms 
and from routine blood tests taken at 3 and 6 

months postoperatively. The patients’ height and 
weight values were recorded, and body mass in-
dex (BMI) was calculated using the weight and 
height ratios (kg/m²).

Patients with cardiovascular disease, cerebro-
vascular disease, proteinuria at the level of ne-
phrotic syndrome, liver, and kidney disease, and 
malignancy were excluded from the study. In 
addition, those who use antioxidant drugs that 
may affect oxidative stress measurements, those 
who take vitamin supplements, n-acetyl-cysteine 
users, those taking lipid-lowering therapy, and 
smokers were excluded from the study.

Blood samples were obtained between 8 a.m. 
and 10 a.m. after 8-10 hours of fasting. The sam-
ples were then centrifuged at 1,500 rpm for 10 
minutes. Separated serum samples were imme-
diately frozen and stored at -80°C until analyzed. 
All thiol/disulfide parameters were studied in the 
same samples. Serum concentrations of native 
and total thiol and ratios of disulfide and native 
and total thiol were determined by a spectro-
photometric method using an automatic clinical 
chemical analyzer (Roche, Cobas 501, Mann-
heim, Germany) as previously described by Erel 
and Neselioglu14.

Plasma thiol concentrations were determined 
using 5, 5’-dithio-bis (2-nitrobenzoic acid) (DT-
NB) as described by Erel and Neselioglu14. Ab-
sorbances were measured at 412 nm against blank 
samples without DTNB. Plasma thiol concentra-
tion was calculated using 1.36 x 104 M-1 x cm-1 
as the molar absorption coefficient. Intra- and 
interassay coefficients of variation for analyses 
were 4.5% and 4.0%, respectively. Results were 
expressed as μM plasma thiols.

Fasting blood sugar was measured with the 
hexokinase method after 10 h of fasting, followed 
by measurement of total cholesterol, total bili-
rubin, amylase, triglyceride, high-density lipo-
protein (HDL) cholesterol and low-density lipo-
protein (LDL) cholesterol, and total cholesterol. 
Triglycerides were measured with the enzymatic 
calorimetric test, HDL cholesterol was measured 
using the selective inhibition method, and LDL 
cholesterol was measured with the homogeneous 
enzymatic calorimetric test using an automatic 
analyzer (Advia 1650; Bayer, Fernwald, Germa-
ny). This study was approved by the Institutional 
Ethical Review Board of Harran University Hos-
pital (Project No: E-76244175-050.04.04-144275) 
according to the Declaration of Helsinki and 
written informed consent was obtained from each 
participant before inclusion.
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Statistical Analysis
The data of 40 morbidly obese individuals 

participating in the study were evaluated using 
the Windows operating system SPSS (version 
17, Chicago, IL, USA) program. The Kolmogor-
ov-Smirnov test was applied to determine wheth-
er each parameter followed a normal distribution. 
For parameters that were found to follow a normal 
distribution, One-Way ANOVA and Independent 
Samples Student’s t-test were applied. For param-
eters that did not follow a normal distribution, the 
Mann-Whitney U Test and the Kruskal-Wallis 
Test were applied.

For intergroup correlation analyses of quan-
titative data, the Pearson Correlation Analysis 
Test was used. The data were presented as mean 
values ± standard deviation (SD). Results were 
considered statistically significant if p<0.05 in 
the analysis.

Results 

The data of 40 patients included in the study 
were analyzed for preoperative, postoperative 2nd 
month, and postoperative 6th month, as shown in 
Table I. The mean age of the cases was 37 (19-54). 
31 (77%) of the cases were female and 9 (23%) 

were male. It was determined that the changes in 
total thiol, AST, GGT, TBIL, LDL, and amylase 
values were not statistically significant (p>0.05). 
However, according to the analysis, it was found 
that the changes in native thiol, disulfide, reduced 
thiol, oxidized thiol, glucose, ALT, ALP, total 
cholesterol, HDL, triglycerides, and BMI values 
were statistically significant between the preoper-
ative, postoperative 2nd month, and postoperative 
6th-month findings (p<0.05). 

When the source of the detected differences 
was examined using the Wilcoxon rank test, a 
significant decrease was observed in glucose, 
ALP, and BMI values in the postoperative 2nd-
month period compared to the preoperative pe-
riod (p=0.039, p=0.011, p=0.000, respectively).

Regarding the differences observed between 
the preoperative and postoperative 6th-month 
findings, it was found that the patients showed an 
increase in native thiol, reduced thiol, and HDL 
levels in the postoperative 6th month (p=0.003, 
p=0.014, p=0.021, respectively), while disulfide, 
oxidized thiol, glucose, ALP, total cholesterol, 
triglycerides, and BMI values showed a decreas-
ing trend (p=0.038, p=0.014, p=0.014, p=0.000, 
p=0.000, p=0.002, p=0.000, respectively). 

As for the differences observed between the 
postoperative 2nd-month and postoperative 6th-

Table I. Comparison of the preoperative and postoperative findings of the patients.

  Postop 2nd Postop 6th    

 Preop month month    
 mean ± SD mean ± SD mean ± SD p1 p2 p3 p4

   
Native thiol (µmol/L) 273.4 ± 67.4 309.6 ± 70.8 367.9 ± 105.5 0.003** 0.121 0.003** 0.004**
Total thiol (µmol/L) 421.1 ± 101.1 446.8 ± 111.9 461.0 ± 79.0 0.162 0.789 0.158 1.000
Disulfide (µmol/L) 73.8 ± 33.4 68.6 ± 37.8 46.5 ± 31.3 0.049* 1.000 0.038* 0.294
Reduced thiol (µmol/L) 65.9 ± 2.1 70.8 ± 12.0 79.3 ± 14.2 0.021* 0.739 0.014* 0.247
Oxidized thiol (µmol/L) 17.1 ± 6.1 14.6 ± 6.0 10.4 ± 7.1 0.021* 0.738 0.014* 0.247
Glucose (mg/ dl) 97.8 ± 20.2 91.2 ± 11.5 89.7 ± 6.8 0.019* 0.039* 0.014* 0.731
AST (U/L) 27.4 ± 14.7 27.9 ± 26.8 22.2 ± 8.1 0.045* 1.000 0.141 0.458
ALT (U/L) 22.8 ± 7.5 22.3 ± 10.5 21.1 ± 6.7 0.407 1.000 0.730 1.000
ALP (U/L) 70.7 ± 25.5 63.1 ± 21.7 56.1 ± 21.2 0.000** 0.011* 0.000** 0.009**
GGT (U/L) 25.1 ± 12.4 21.9 ± 16.7 21.1 ± 12.9 0.300 0.873 0.354 1.000
Total Bilirubin (mg/dL) 0.76 ± 1.09 0.71 ± 1.19 0.74 ± 1.34 0.726 1.000 1.000 1.000
T. Cholesterol (mg/dL) 132.3 ± 36.4 113.7 ± 30.3 96.7 ± 30.8 0.000** 0.000 0.000** 0.000**
HDL (mg/dL) 39.9 ± 6.6 40.4 ± 5.1 42.7 ± 6.4 0.020* 1.000 0.021* 0.187
LDL (mg/dL) 77.4 ± 58.9 59.2 ± 26.5 65.5 ± 23.0 0.082 0.181 0.682 0.385
Triglyceride (mg/dL) 131.9 ± 62.2 116.5 ± 41.9 102.1 ± 22.4 0.002** 0.066 0.002** 0.020*
Amylase (U/L) 56.1 ± 23.6 52.3 ± 18.5 51.9 ± 12.7 0.423 0.658 0.609 1.000
BMI (kg/m2) 46.3 ± 3.6 42.3 ± 3.0 36.3 ± 2.9 0.000** 0.000** 0.000** 0.000**

AST: Aspartate aminotransferase, ALT: Alanine aminotransferase, ALP: Alkaline phosphatase, GGT: Gamma-glutamil 
transferase, HDL: High density lipoprotein, LDL: Low density lipoprotein, BMI: Body mass index, T. Cholesterol: Total 
cholesterol. *p < 0.05, **p < 0.001, p1: Repeated measures, p2: Preop-Postop 2nd month, p3: Preop-Postop 6th month; p4: Postop 
2nd month-Postop 4th month, p2, p3, p4: Wilcoxon rank.
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month findings, it was determined that native 
thiol levels increased in the postoperative 6th-
month (p=0.004), while ALP, total cholesterol, 
triglycerides, and BMI values showed a decreas-
ing trend (p=0.009, p=0.000, p=0.020, p=0.000, 
respectively). 

Discussion

Oxygen molecules, which are very important 
for life, form free radicals that are highly reac-
tive intermediates during energy production. The 
antioxidant defense system increases its main 
effect in case of free radical formation and tries to 
neutralize the formed free radicals. The balance 
between free radicals and antioxidants is neces-
sary for physiological function17. If the balance 
is disturbed by radical formation, the body may 
face many diseases18.

Oxidative stress is the most important under-
lying cause of changes in the body in the case of 
chronic obesity10. Adipose tissue dysfunction oc-
curs in obese patients due to excessive production 
of proinflammatory cytokines because there is a 
positive correlation between oxidative stress and 
systemic inflammation.

There are various studies explaining the in-
crease in oxidative stress observed in obese indi-
viduals. Abnormal formation of free oxygen rad-
icals after meals and changes in lipid and glucose 
metabolism are among the factors that play a role 
in the increase in oxidative stress19. The activities 
of antioxidant enzymes such as superoxide dis-
mutase (SOD), catalase (CAT), and glutathione 
peroxidase (GPx) significantly decrease with the 
increase in adipose tissue20. It has been report-
ed that lipid peroxidation increases in plasma 
lipoproteins, erythrocyte membrane lipids and 
various tissues of obese individuals. Whether 
this increase is due to enzymatic lipid peroxida-
tion (arachidonic acid pathway) or non-enzymatic 
pathway is still not fully understood21.

In some studies22, oxidant and antioxidant com-
pounds have been examined to determine the oxi-
dative stress state. Recent studies have focused on 
the role of thiols (RSH) in oxidative stress. Thiols 
are important antioxidant compounds that react 
with free radicals to provide protection against 
oxidative stress22.

In a study by Uzun et al23 the levels of RSH 
were found to be lower in obese individuals 
compared to normal-weight individuals. Vincent 
et al24 reported that although not statistically 

significant, obese individuals had higher levels 
of total thiols and protein thiols compared to nor-
mal-weight individuals. Another study25 reported 
a decrease in thiol concentrations with aging.

Stefanović et al26 found that the total RSH lev-
els of obese individuals were lower than those of 
normal-weight individuals. Positive correlations 
between free radicals generated as a result of oxi-
dative stress and body mass index have also been 
reported in some studies27,28.

In our study, we observed a statistically sig-
nificant decrease in the levels of native thiols, 
reduced disulfides, and disulfides after surgery 
(p<0.05). Although the total thiol level gradually 
increased in each follow-up, it was not statistical-
ly significant (p>0.05). We observed a reduction 
in oxidative stress associated with weight loss in 
our patients due to decreased body mass index.

In a study conducted in 2017, Bawahab et al29 
reported higher plasma activity of antioxidant 
markers in morbidly obese individuals, stating 
that the presence of chronic inflammation and 
oxidative stress in obesity leads to an increase in 
superoxide radicals and a decrease in SOD ac-
tivity as an adaptive response. They showed that 
sleeve gastrectomy, which achieves weight loss, 
inhibits the production of reactive oxygen species 
(ROS) and reduces the stimulating effect on SOD, 
GPx, GST, and vitamin C. Cătoi et al30 reported 
an increase in NO levels and a decrease in total 
antioxidant response at 6 months after vertical 
banded gastroplasty, followed by a decrease in 
NO levels and an increase in total antioxidant 
response at one year.

We have found that our study is in line with the 
general consensus in the literature, which sug-
gests a decrease in oxidative stress with weight 
loss. However, there is limited research evalu-
ating the reduction in oxidative stress following 
obesity surgery by assessing the imbalance of 
thiol-disulfide equilibrium. Therefore, we believe 
that our study contributes significantly to this 
topic.

Conclusions

Increased reactive oxygen radicals in obese 
individuals lead to oxidative stress. The negative 
effects caused by free radicals are eliminated by 
the cell’s antioxidant defense system and antiox-
idants obtained through nutrition. However, in 
cases of prolonged obesity, antioxidant system 
enzymes are lower. This imbalance between ox-
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idant and antioxidant defense systems in obesity 
leads to cell damage and the development of 
various diseases, such as type 2 diabetes, cardio-
vascular diseases, and cancer. In morbidly obese 
individuals, weight control achieved through re-
strictive methods, such as sleeve gastrectomy, 
results in a reduction in oxidative stress and an 
increase in antioxidant response, due to the de-
crease in adipose tissue.
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