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1. INTRODUCTION 

Obesity is characterized by an excessive 
accumulation of adipose tissue that negatively 
affects health, as defined by the World Health 
Organization (WHO).1 This condition has 
escalated into a significant global public health 
challenge, with a rapidly increasing prevalence 
worldwide.2 In the United States, obesity 
prevalence reached 42.4% during the period from 
2017 to 2020, and this trend has been rising 
steadily.3 Moreover, in 2019, approximately 5 
million deaths globally were attributed to 
complications associated with obesity.4 
Projections indicate that by 2030, obesity could 
affect up to 50% of the global population.5 

The assessment of obesity is predominantly 
determined by the Body Mass Index (BMI). 
Obesity is primarily evaluated using the BMI, 
which is calculated by dividing an individual's 
weight in kilograms by the square of their height 
in meters. The WHO classifies BMI as follows: A 
BMI ranging from 18.5 to 24.9 is deemed normal 
weight, 25 to 29.9 is defined as overweight (pre-
obesity), and a BMI of 30 or more is categorized as 
obese.6 However, BMI does not account for 
variations in body fat distribution and can be 
misleading, particularly in individuals with high 
muscle mass.7 

Current guidelines suggest incorporating 
additional anthropometric measurements, such as 
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Objectives: Thiol-disulfide measurements will assess obesity-related oxidative stress.  

Methods: A prospective observational study was done at two tertiary care centers. The 
participants were divided into three distinct categories based on their body mass index 
(BMI): The control group (Group 1) consisted of 116 individuals with a BMI ranging from 
18 to 25 kg/m², while the overweight group (Group 2, n = 89) included those with a BMI 
between 25 and 30 kg/m². The obese group (Group 3, n = 39) comprised individuals with 
a BMI of 30 kg/m² or greater. This approach primarily utilizes the disulfide/native thiol 
ratio, disulfide/total thiol ratio, and native thiol/total thiol ratio as key metrics. All 
patients' demographics, waist circumference, hip circumference, height, weight, 
hemoglobin, hematocrit, white blood cell count, glucose, C-reactive protein, disulfide, 
native thiol (NT), total thiol (TT), lipid hydroperoxide radical (LOOH), and absolute 
ischemia-modified-albumin (ABSO) levels were recorded on calculations and records 
were made for disulfide to native and total thiol ratios.  

Results: Thiol-disulfide equilibrium differed between the three groups. NT 
concentrations averaged 368.87 μmol/L across all individuals and were significantly 
higher in the normal-weight cohort (BMI 18-25 kg/m2) at 380.60 μmol/L, compared to 
overweight and obese populations (p<0.001). TT concentrations were higher in normal-
weight individuals, with an average of 426.36±54.48 μmol/L, compared to 405.41±52.14 
and 391.07±46.45 in overweight and obese individuals, respectively (p<0.001).  

Conclusions: Reduced native and total thiol levels, along with altered disulfide 
concentrations in obese individuals, serve as indicators of oxidative stress. 
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waist circumference and waist-to-hip ratio, 
alongside BMI for a more comprehensive 
assessment of obesity. Waist circumference is 
particularly important for evaluating abdominal 
fat, which is a key indicator of metabolic risk 
associated with obesity. According to the 2020 
guidelines from the American College of 
Cardiology and the American Heart Association 
(ACC/AHA), a waist circumference exceeding 102 
cm in men and 88 cm in women is associated with 
an increased risk of cardiovascular disease and 
metabolic disorders.8 

The accumulation of adipose tissue in obesity 
significantly elevates oxidative stress levels. 
Excessive adiposity induces increased generation 
of reactive oxygen species (ROS), causing cellular 
damage and inflammation.9 This oxidative stress 
exacerbates insulin resistance and accelerates the 
onset of metabolic disorders related to obesity.10 
The chronic low-grade inflammation associated 
with obesity weakens antioxidant defense 
mechanisms, leading to the accumulation of 
oxidative damage.11 Recent literature indicates 
that addressing obesity may reduce oxidative 
stress and enhance metabolic health.12,13 

The thiol-disulfide system is essential for 
preserving cellular redox balance and controlling 
oxidative stress.14 Thiol groups (-SH) are organic 
compounds containing a sulfur atom covalently 
bonded to a hydrogen atom, and are 
predominantly found in proteins. When these 
thiol groups encounter oxidative agents such as 
free radicals or ROS, they become oxidized, 
forming disulfide bonds (-S-S-) between two thiol 
groups.15 This dynamic process helps maintain 
equilibrium and mitigate oxidative damage in both 
intracellular and extracellular spaces.16 

The thiol-disulfide balance entails the oxidation of 
thiol groups into disulfide bonds under oxidative 
stress and their subsequent reduction back to 
thiol groups as oxidative stress subsides. This 
cycle reflects the cells' ability to manage oxidative 
stress and disruptions in this balance have been 
linked to metabolic disorders, inflammation and 
obesity.17 Disruption of this balance results in 
heightened oxidative damage and inflammation, 
potentially contributing to the onset of various 
chronic diseases.18 

Another oxidative stress biomarker, ischemia-
modified albumin (IMA), forms through structural 
modifications in albumin molecules under 
ischemic conditions and holds a crucial role in 
assessing circulating oxidative stress levels.19 
Additionally, lipid hydroperoxides (LOOH) are 
lipid oxidation products resulting from oxidative 
stress, which compromise cell membrane 
integrity and negatively impact cellular 
functions.20 These biomarkers are essential for 
identifying oxidative damage associated with 
obesity and for evaluating metabolic risks.21 

The main objective of this study is to investigate 
the association between oxidative stress—
evaluated through thiol-disulfide homeostasis, 
ischemia-modified albumin (IMA), and lipid 
hydroperoxides (LOOH)—and different Body 
Mass Index (BMI) categories in the context of 
obesity. Secondary outcomes include associations 
between thiol-disulfide homeostasis, IMA, and 
LOOH with waist circumference, waist-to-hip 
ratio, and waist-to-height ratio. This 
comprehensive approach will provide valuable 
insights into the oxidative mechanisms underlying 
obesity-related metabolic risks. 

2. MATERIALS AND METHODS 

The study was conducted as a prospective, 
multicenter observational investigation. The 
participating centers were Taksim Training and 
Research Hospital and Yıldırım Beyazıt University 
Hospital. Patients included in the study were 
enrolled over a six-month period, from November 
2023 to April 2024. Approval from the Taksim 
Training and Research Hospital institution's ethics 
committee was obtained for the study (IRB date: 
25.10.2023 no: 120). 

2.1. Participants 

The inclusion criteria were set as patients aged 
18-99 without any chronic diseases. Patients who 
presented to the internal medicine outpatient 
clinic at Taksim Training and Research Hospital 
for routine check-ups, without any significant 
complaints and having fasted for 8-12 hours, were 
enrolled in the study. Patients with no findings of 
anemia, vitamin deficiency, or hormonal 
abnormalities in routine analyses were 
considered eligible. All patients were apprised 
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about the study and their informed consent was 
obtained. The exclusion criteria included pregnant 
women, those with a history of malignancy, 
patients who had undergone major surgery, and 
those with musculoskeletal deformities causing 
postural abnormalities. 

Demographic data, waist circumference, hip 
circumference, height, weight, hemoglobin, 
hematocrit, white blood cell count, glucose, C-
reactive protein, disulfide, native thiol (NT), total 
thiol (TT), lipid hydroperoxide radical (LOOH), 
and absolute ischemia-modified albumin 
(IMAABSO) levels of all patients were recorded on a 
data form. The ratios of disulfide to native thiol 
and disulfide to total thiol were also calculated and 
recorded. We categorized patients into three 
groups based on their BMI, following the 
guidelines established by the American 
Association of Clinical Endocrinologists: BMI 
categories include 18-25 kg/m², 25-29.9 kg/m², 
and over 30 kg/m².22 

2.2. Sample collection and laboratory analysis 

A 10 ml antecubital blood was taken following an 
8-12 hour fasting period to evaluate thiol and 
disulfide levels.  The samples underwent 
centrifugation at 1500 rpm for 10 minutes to 
isolate plasma and serum.  Plasma samples were 
preserved at -80°C prior to analysis. The materials 
were thereafter transported through a cold route 
to the laboratory at XXX Hospital, in accordance 
with biological material transfer protocols. The 
thiol/disulfide measurement technique used in 
the study was developed by Erel et al. and is 
frequently cited in the current literature.23 
Thiol/disulfide levels were analyzed via Cobas 
501, Roche analyzer and reported in micromoles 
per liter (µmol/L). This technique entails the 
conversion of dynamic disulfide bonds (-S-S-) into 
functional thiol groups (-SH) through reduction 
with sodium borohydride (NaBH4). Excess NaBH4 
is neutralized with formaldehyde. Total thiol 
content is determined by modifying the Ellman 
reagent and measuring it spectrophotometrically 
at 415 nm. The concentration of native thiol is 
directly quantified using the modified Ellman 
substance, while the disparity between total thiol 
and native thiol is utilized to calculate the 
concentration of disulfide bonds (disulfide = [total 

thiol-native thiol] / 2). The key parameters 
obtained from this method are the ([-S-S-]/[-SH]), 
([-S-S-]/ [total thiol]), and the ([-SH]/ [total thiol]). 

IMA levels were measured using the albumin 
cobalt-binding (ACB) test, which assesses the 
reduced binding capacity of albumin to cobalt in 
ischemic conditions and were expressed in 
absorbance units (ABU).24 LOOH concentrations 
were calculated with the ferrous oxidation-xylenol 
orange (FOX) test, a sensitive method for 
quantifying lipid hydroperoxides, and were 
expressed in micromoles per liter (µmol/L).25 

2.3. Statistical analysis 

Hypothesis tests were performed to compare 
variables among normal-weight, overweight, and 
obese groups. Categorical variables were 
expressed as frequencies and percentages. The 
Kolmogorov-Smirnov test was utilized to assess 
the normality of the data. Numerical variables 
following a normal distribution were reported as 
mean and standard deviation (SD), whereas those 
not normally distributed were presented as 
median and interquartile range (IQR). The 
Pearson Chi-square test was used to evaluate 
categorical variables. One-way ANOVA was 
applied for comparing normally distributed 
numerical variables. Post-hoc analyses were 
performed using either Dunnett or Tukey tests, 
depending on variance homogeneity. The Kruskal-
Wallis test was employed for numerical variables 
that did not follow a normal distribution across 
the three groups, while the Mann-Whitney U test 
was used for pairwise comparisons. This study 
particularly examined the clinical significance of 
inflammatory biomarkers in obesity. Receiver 
operating characteristic (ROC) analysis was 
conducted to determine the sensitivity and 
specificity of inflammatory biomarkers in relation 
to obesity. The area under the curve (AUC) for 
each variable was assessed using ROC curves. All 
statistical analyses were performed at a 95% 
confidence interval with a significance level of 
0.05. Data analysis was carried out using IBM SPSS 
Version 26 (IBM, Chicago, IL, USA). 

3. RESULTS 

A total of 244 patients were divided into three 
groups according to BMI: 116 patients between 
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18-25 kg/m2 were classified as the control group 
(Group 1), 89 patients were overweight (Group 2), 
and those with a BMI of 30 kg/m2 and above were 
classified as obese (Group 3, n=39). The average 
age of all study population was 36.95 (±12.78) 
years. A notable distinction was observed among 
the groups, with the average age of obese group 
46.48 (±9.32) years, significantly higher than in 
other groups (p=0.001) (Table 1). 

In the obese group (BMI ≥ 30), the average waist 
circumference was 101.64±11.72 cm, while it was 
90.73±8.98 cm in group 2 and 75.32±8.34 cm in 
group 1 (p<0.001). Similarly, waist-to-hip and 
waist-to-height ratios also increased significantly 
with higher BMI. Fasting blood glucose levels were 
measured as 100.25±14.43 mg/dL across all 
patients (p=0.067). In terms of general 

inflammation markers, no significant differences 
in CRP or WBC levels were found among the 
groups (Table 1). 

The average NT level across all patients was 
368.87 μmol/L. In group, the NT level was 
significantly higher, at 380.60 μmol/L, compared 
to the overweight and obese groups (p<0.001). 
Similarly, TT values were higher in normal-weight 
individuals; the mean TT level in group 1 was 
426.36±54.48 μmol/L, compared to 405.41±52.14 
μmol/L in group 2 and 391.07±46.45 μmol/L in 
group 3 (p<0.001). Post-hoc analysis revealed that 
the TT level in the normal-weight group was 
significantly higher than in both the overweight 
and obese groups, although no difference was 
observed between the overweight and obese 
groups (Table 1).

Table 1.  

Clinical characteristics, antropometric measurements, and oxidative biomarkers comparison of the study 
population 

 Total 
N=244 

Group 1 
n=116 

Group 2 
n=89 

Group 3 
n=39 P 

Age 36,95±12,78 31,07±11,232,3 40,77±12,161,3 46,48±91,2 0,001 
Female gender, n 
(%) 123 (50.4%) 59 (49.6%) 38 (44.2%) 26 (66.7%) 0,064 

Weight, kg 72,95±16,52 61,86±9,662,3 78,50±9,371,3 94,53±18,041,2 <0.001 
Height, cm 168,51±9,61 168,71±9,15 168,72±9,49 165,51±10,95 0,162 
Waistline, cm 84,96±13,61 75,32±8,342,3 90,73±8,981,3 101,64±11,721,2 <0.001 
Hip 
Circumference, cm 101,24±10,18 94,66±6,362,3 103,91±5,611,3 115,43±10,391,2 <0.001 

Waist/hip ratio 0,83±0,09 0,79±0,08 0,87±0,07 0,88±0,09 <0.001 
Waist/height ratio 0,50±0,09 0,44±0,04 0,54±0,10 0,61±0,06 <0.001 
Glucose, mg/dl 100,25±14,43 90,08±6,86 93,34±12,38 101,11±14,48 0,067 
Hb, g/dl 13,61±1,70 13,54±1,80 13,89±1,63 13,40±1,50 0,218 
CRP, mg/L 1,75 (1,83) 0,82 (1,41) 1,44 (1,53) 3,00 (2,56) 0,632* 
WBC, 10^3/µL 7,37±1,93 7,30±2,17 7,39±1,75 7,56±1,50 0,757 
NT, μmol/L 368,87±51,43 380,60±53,192,3 360,84±48,221 350,79±44,861 0,001 
TT, μmol/L 413,34±53,99 426,36±54,482,3 405,41±52,141 391,07±46,451 <0,001 
Disulfide, μmol/L 22,23±5,86 22,87±6,053 22,28±5,67 20,14±5,391 0,040 
Disülfide/NT ratio  5,83±1,70 0,061±0,018 0,063±0,016 0,058±0,017 0,485 
Disülfide/TT ratio 5,41±1,39 0,054±0,014 0,055±0,012 0,051±0,013 0,476 
NT/TT ratio 89,16±2,78 0,89±0,29 0,88±0,25 0,89±0,27 0,475 
IMA ABSO 0,90±0,22 0,94±0,213 0,86±0,22 0,86±0,231 0,036 
LOOH 4,92±0,38 4,90±0,40 4,92±0,29 4,98±0,50 0,528 

Hb: Hemoglobin; CRP: C reactive protein; WBC: white blood cell; NT: native thiol; TT: total thiol IMA ABSO: 
ischemia modified albümin absolute; LOOH: lipid hydroperoxides. 

• * Kruskal-Wallis test was used to compare the group variables 
•    Other comparison were analysed with one-way ANOVA test 
• 1: Significant difference was detected with group 1 according to post-hoc tests 
• 2: Significant difference was detected with group 2 according to post-hoc tests 
• 3: Significant difference was detected with group 3 according to post-hoc tests
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Disulfide levels were measured as 22.23±5.86 
μmol/L across the study population. In group 1, 
the average disulfide level was 22.87±6.05 
μmol/L, while it was 22.28±5.67 μmol/L in group 
2 and 20.14±5.39 μmol/L in group 3. Significant 
differences in disulfide levels were found between 
the groups, with post-hoc analysis showing that 
the normal-weight group had significantly higher 
disulfide levels than the obese group (p=0.040). 
However, no significant differences were found 
between the groups regarding the disulfide/total 
thiol and disulfide/native thiol ratios. 

Other biochemical markers, including IMAABSO and 
LOOH, were also examined. The average IMA 
ABSO value across all patients was 0.90±0.22, and 
the mean LOOH level was 4.92±0.38 μmol/L. 
IMAABSO levels differed significantly between the 
three groups, with values of 0.94±0.21, 0.86±0.22, 
and 0.86±0.23, respectively (p=0.036). However, 
no significant variations in LOOH levels were 
observed among the groups. ROC analysis 
supports these findings, with NT (AUC: 0.634, 
p=0.008), TT (AUC: 0.660, p=0.002), and disulfide 

(AUC: 0.629, p=0.010) values being significantly 
associated with obesity. Notably, lower NT, TT, 
and disulfide levels were more strongly related to 
obesity (Figure 1, Table 2). 

Figure 1. 

ROC curve and ROC analyses of the oxidative 
biomarkers 

 
NT: Native Thiol, TT: Total Thiol, IMAABSO: Ischemia 
modified albümin 

 

Table 2. 

Area under curve of study variables 
 

 Area Std. Errora 
Asymptotic 
Sig.b 

Asymptotic 95% Confidence 
Interval 
Lower Bound Upper Bound 

NT ,634 ,046 ,008 ,544 ,725 
TT ,660 ,045 ,002 ,572 ,747 
Disulfide ,629 ,048 ,010 ,536 ,723 
IMAabso ,550 ,050 ,319 ,453 ,648 

The test result variable(s): NT: native thiol; TT: total thiol; IMAabso: ischemia modified albümin. 
a. Under the nonparametric assumption 
b. Null hypothesis: true area = 0.5 
 

4. DISCUSSION 

This study clearly demonstrates that oxidative 
stress increases in obesity. The key outcome of our 
study indicates that an imbalance in the 
thiol/disulfide system is linked to heightened 
oxidative stress and a reduction in antioxidant 
capacity among obese individuals. 

Of the total patients, 50.4% were female, and 
49.6% were male, indicating a balanced gender 
distribution across groups. A notable variation 

was observed among the groups, with the obese 
group having a mean age of 46.48 (±9.32) years, 
which was significantly higher compared to the 
other groups (p=0.001). This result underscores 
the link between obesity and aging, indicating that 
the likelihood of obesity rises with advancing age. 

Oxidative stress plays a major role in the 
development of chronic diseases and is further 
aggravated by conditions like obesity.26 Oklu et al. 
demonstrated that the thiol-disulfide balance is 
impaired in obese individuals, with this disruption 
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becoming more evident as BMI increases.27 
Likewise, studies have shown that the thiol-
disulfide balance is impaired in obese children, 
with this imbalance being inversely correlated 
with BMI.28 These results are consistent with 
studies emphasizing the link between obesity and 
elevated oxidative stress. Moreover, oxidative 
stress has been reported to be linked to 
heightened adipokine secretion, further 
disturbing the oxidative balance.29 Our study 
revealed a significant decline in native and total 
thiol levels as BMI increased, reinforcing the 
evidence that oxidative stress levels are elevated 
in obese individuals. These results suggest that the 
thiol-disulfide balance could serve as an early 
indicator of chronic diseases associated with 
obesity. 

CRP levels have been closely linked to obesity in 
the literature and are considered a marker of 
inflammation. A positive association has been 
identified between visceral adipose tissue and 
CRP levels in obese individuals, indicating a link to 
heightened inflammation.30 Van Wijk et al. also 
demonstrated that CRP is a biomarker of the 
inflammatory processes related to obesity, which 
are linked to cardiovascular risks.31 However, in 
our study, no significant differences in CRP levels 
were observed among the groups. This suggests 
that the participants in our study might be in a 
stage where chronic inflammation has not yet 
become clinically apparent. Moreover, the fact 
that all participants were healthy individuals 
without any health problems other than obesity 
could explain this. Individual differences and the 
impact of genetic factors on the inflammatory 
response may also have contributed to this 
outcome.32 

In our study, disulfide levels—another marker of 
oxidative stress—were assessed and found to be 
lower in the obese group. Mengen et al. identified 
reduced disulfide levels in obese individuals as a 
sign of heightened oxidative stress.33 Similarly, 
Elkan et al.  indicated that the reduction in 
disulfide levels in obese individuals suggests that 
the antioxidant defense systems are insufficient.34 
These findings highlight that disulfide levels could 
be an early marker of oxidative stress related to 
obesity. 

Numerous studies have highlighted the 
significance of anthropometric measurements, 
including waist circumference, waist-to-hip ratio, 
and waist-to-height ratio, in relation to obesity. A 
meta-analysis by De Koning et al. established that 
an increase in waist circumference serves as a 
strong predictor of cardiovascular events and has 
a direct association with oxidative stress.35 These 
findings underscore that obesity is not merely an 
increase in weight but is also associated with fat 
accumulation and changes in the metabolic 
functions of adipose tissue.36 Likewise, in our 
study, these anthropometric measurements were 
notably higher in individuals with elevated BMI, 
correlating with oxidative stress. The literature 
extensively documents that an increase in visceral 
fat tissue stimulates oxidative stress by promoting 
the release of free fatty acids and inflammatory 
cytokines.37 These findings demonstrate the 
marked increase in abdominal obesity with rising 
BMI, highlighting potential health risks associated 
with central fat accumulation. 

Ischemia-modified albumin (IMA) is a commonly 
utilized biomarker for assessing oxidative stress. 
Piva et al. demonstrated that elevated oxidative 
stress in obese individuals results in alterations in 
IMA levels.38 The study demonstrated that IMA 
levels were significantly reduced in obese 
individuals, emphasizing the potential impact of 
oxidative stress on albumin structure. 
Mehmetoglu et al. also indicated that IMA levels 
are associated with obesity, and increased 
oxidative stress in these individuals results in 
changes in albumin structure.39 

This study possesses multiple shortcomings that 
warrant acknowledgment. The observational 
approach restricts the capacity to deduce causality 
between oxidative stress and obesity. 
Longitudinal studies are needed to establish a 
clear temporal relationship. Second, the sample 
size, while adequate for preliminary analysis, may 
not fully represent the diverse population affected 
by obesity, potentially limiting the generalizability 
of the findings. Additionally, the exclusion of 
individuals with chronic diseases may have led to 
a selection bias, as the inflammatory responses in 
these patients could differ significantly from those 
without such conditions. Moreover, using BMI as 
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the sole indicator of obesity overlooks differences 
in body composition and fat distribution. 
Incorporating additional metrics, such as body fat 
percentage or bioelectrical impedance analysis, 
could offer a more comprehensive evaluation. 
Finally, while the study utilized established 
laboratory techniques for measuring thiol and 
disulfide levels, variations in laboratory protocols 
and individual biological variability could affect 
the reproducibility of the findings. 

5. CONCLUSIONS 

In conclusion, this study highlights a significant 
association between obesity and oxidative stress, 
as evidenced by the disruption of thiol-disulfide 
balance among different BMI categories. The 
results indicate that decreased native and total 
thiol levels, along with modifications in disulfide 
levels, serve as markers of heightened oxidative 
stress in obese individuals. This imbalance may 
play a role in the development of various 
metabolic disorders linked to obesity, highlighting 
the necessity for further research to investigate 
thiol-disulfide balance as a potential biomarker 
for oxidative stress and inflammation. Given the 
rising global obesity epidemic, strategies aimed at 
reducing oxidative stress may be beneficial in 
preventing and managing obesity-related health 
complications. Future studies should investigate 
the efficacy of interventions targeting oxidative 
stress in improving metabolic health and 
mitigating the risks associated with obesity. 
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