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Abstract
Gastroesophageal reflux disease (GERD) is a global health problem in which the prevalence is increasing over 
periods. This disease is a significant cause of disorders in the upper gastrointestinal tract with very complex 
pathogenesis. Oxidative stress (OS) due to gastric acid reflux plays a role in the inflammatory response of the 
esophageal epithelium. Several OS markers have been widely studied and are thought to affect the severity degree of 
the esophageal mucosa. However, there has been no research on total oxidant status (TOS), total antioxidant status 
(TAS), and OS index (OSI) in the adult with GERD; hence the aim of this review was to determine the association 
between TOS, serum TAS, and OSI with the GERD degree. A literature review was conducted by searching articles 
related to the TOS, TAS, OSI, and its correlation with GERD degree on an online database, particularly Pubmed and 
Google scholar. We conclude that TAS and OSI might influence the severity of GERD; however, further clinical study 
is needed to prove this theory.
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Introduction

The prevalence of gastroesophageal reflux 
is predicted around 8–33% [1] and increases over 
Southeast Asia from 6.3% in 2005 to 18.3% in 2010 [2]. 
In Indonesia, gastroesophageal reflux appeared to 
be specific in esophagitis, with the number of cases 
reached 5.7% in 1997 and rose to 25.18% in 2002 [3].

Aside from its effect on the gastrologic system, 
this disease is known as a costly disease. Since the 
patients are required to charge other medication 
options, should the first treatment provide a positive 
outcome. Moreover, if acid suppression therapy fails 
and the patient seeks a second opinion or receives a 
higher dose or a different type of proton pump inhibitor. 
About 55% of patients have persistent symptoms of 
Gastroesophageal reflux disease (GERD) and have 

impaired quality of life [2]. Some conditions identic with 
esophageal reflux’s pathogenesis are hyperacidity, 
abdominal pressure, food, drugs, and anatomical 
factors [4]. High gastric acid stimulates oesophageal 
epithelial cells to create reactive oxygen species 
(ROS) and cause oxidative stress (OS) by activating 
macrophages, Proteinase-Activated Receptor 2 
(PAR 2), and Platelet-Activating Factor [5]. The 
inflammatory process will be aided by OS, eventually 
resulting in mucosal damage [6].

Researchers have been fascinated by the 
function of OS in oesophageal mucosal damage. 
Because OS plays a key role in the oesophageal 
epithelium’s inflammatory response, treatments 
that target OS could be a novel approach to GERD 
treatment, particularly in individuals who have chronic 
symptoms while getting appropriate treatment [7]. 
Several studies utilizing esophageal tissue have been 
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conducted on OS in GERD; however, no investigations 
on the expression of oxidants and tissue antioxidants 
have been conducted in Indonesia. The presence of 
increased total oxidant status (TOS) decreased TAS, 
and elevated OS index (OSI) in blood serum can indicate 
OS. Low overall antioxidant capacity may suggest OS 
or increase oxidative damage sensitivity [8]. When 
antioxidants work cooperatively, they provide better 
protection against reactive oxygen and nitrogen species 
assaults than if they performed separately. Afterward, it 
is critical to look at the total antioxidant capacity [9].

The low total antioxidant capacity may 
indicate OS or increase susceptibility to oxidative 
damage [8]. The collaboration between antioxidants 
improves protection against ROS and reactive nitrogen 
species (RNS) attacks than each component. Then, it 
is essential to examine the total antioxidant capacity [9]. 
Breast and thyroid cancer have been analyzed using 
OS characteristics such as TOS, TAS, and OSI [10]; 
however, GERD research is still limited.

By using a systematic approach to the 
literature, this study aimed to provide an overview of the 
association between Serum TOS, TAS, and OSI with 
Severity Levels of GERD.

Definition and Classification of Severity

GERD happens is a condition when repeated 
gastric contents reflux happens into the esophagus 
causes mucosal breaks in the esophagus and 
symptoms that interfere with the quality of life or 
cause complications [3], [11], [12]. Symptoms can be 
moderate-to-severe and can occur on one or more 
days per week [4].

Based on the Los Angeles classification, 
the severity of GERD can be divided into 4 degrees, 
namely [13]: (A) Grade A: when there is a number 
of mucosal breaks (=> 5mm) and it does not extend 
between the crests of 2 mucosal folds; (B) Grade B: 
when there is several mucosal break of above 5mm 
and it does not extend between the crests of the two 
mucosal folds; (C) Grade C: if there are some mucosal 
breaks that continues between the crests of 2 or more 
mucosal folds but is <75% esophageal circumference; 
(D) Grade D: if there are some mucosal breaks involving 
more than 75% of the esophageal circumference[13].

Mechanism of Reflux

The fundamental mechanisms of GERD 
are structural and functional abnormalities of the 

esophagogastric junction (EGJ) and impaired 
esophageal clearance [14]. Eosinophilic Esophagitis 
(EE) results from chemical injury and burning acids. 
EE was assumed to occur spontaneously when the 
esophageal squamous epithelium was exposed 
to refluxed gastric juices such as acid and pepsin. 
However, according to other studies, reflux issues 
are caused by the immune system’s participation and 
inflammation. Acid and pepsin, in particular, have 
been shown to cause severe macroscopic damage to 
esophageal squamous cells. Inflammatory mediators 
are released by damaged and inflamed tissue, which 
the immune system detects. In addition, endothelial 
cells create adhesion molecules in reaction to these 
substances, which adsorb and activate leukocytes, 
resulting in inflammatory conditions [7], [15].

Reflux generally occurs through four 
mechanisms, namely: (1) transient relaxation of the 
lower esophageal sphincter (LES); (2) low pressure on 
LES; (3) relaxation of LES caused by swallowing; and 
(4) increased intra-abdominal pressure in periods of 
low-pressure LES [16], [17], [18].

Transient relaxation of LES is believed to be 
the most common mechanism of reflux in conditions of 
normal LES tone (>10 mmHg). The state of transient 
relaxation is said to cause 90% of reflux in patients 
without a hiatal hernia. In patients with hiatal hernia, 
reflux is more common in conditions of low-pressure 
LES, increased intra-abdominal pressure, and relaxation 
of LES due to swallowing [17], [18], [19], [20], [21].

The anti-reflux shield is the main factor 
determining the weight and mechanism of reflux. This 
protective system is formed from the synergy between 
the LES and the crural diaphragm. The protective 
function of this anatomical zone is maintained by the 
architecture of the gastroesophageal valve, which 
is reinforced by the pharyngoesophageal ligament 
and sling fibers of the gastric cardia. This reinforcing 
structure maintains the intrinsic position of the LES in 
the extrinsic region of the crural diaphragm so that the 
two anatomical structures can fuse and form an anti-
reflux barrier. Damage to the anti-reflux barrier will be 
related to the severity of reflux [16], [18], [22], [23].

LES is a short segment in the distal esophagus 
that is formed from smooth muscle. LES at rest has a 
tone between 10 and 30 mmHg, depending on gastric 
pressure. This LES tone usually provides adequate 
protection against the pressure gradient in the EGJ. 
LES tone is influenced by myogenic and neurogenic 
factors, which are further influenced by intra-abdominal 
pressure, gastric dilatation, peptides, hormones, food, 
and drugs [21], [22], [23].

LES function is a significant risk factor for 
GERD. LES has a period of transient relaxation, 
during which GERD symptoms are common. The 
transient relaxation of LES occurs for 10–45 s, which 
makes room for the stomach to expel gas in the form 
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of belching. The frequency of LES transient relaxation 
did not differ in GERD patients and normal people. 
Still, GERD patients were reported to experience 
GERD symptoms during the SEB transient relaxation 
period [24].

Reflux of gastric contents will cause lesions 
and symptoms, which depends on the duration of 
exposure to the gastric contents and the degree of 
acidity. The duration of reflux exposure depends 
on the effectiveness of reflux clearance, which has 
three components: peristalsis, salivation, and the 
presence or absence of a hiatal hernia. This reflux 
clearance disorder will further be closely related to 
complications of GERD, while esophageal sensitivity 
will be related to the patient’s perception of GERD 
symptoms [16], [17], [18], [19], [20].

OS

OS is a broad term that refers to a significant 
imbalance between ROS production and antioxidant 
defense mechanisms, which can result in potentially 
dangerous conditions. ROS can damage membrane 
lipids and DNA, as well as alter cell protein activity, 
under these conditions. OS could be implicated in the 
etiology of numerous illnesses, both as a cause and 
as a result, and may have a part in the deterioration 
in body function (aging process) [25], [26], [27], [28]. 
OS indicates an imbalance between systemic 
manifestations of ROS and the capacity of biological 
systems, which detoxify oxidant agents or repair 
damaged organisms [29].

ROS can be produced by the cytoplasm, 
mitochondria, and peroxisomes [26]. ROS are free 
radicals (superoxide anions [O⁻₂], hydroxyl radicals, 
peroxyl and alkoxyl radicals) and compounds that 
can produce radicals in situ (hydrogen peroxide 
[H2O2], singlet oxygen, hypohalous acid). The 
physiologically redox-active metals iron and copper 
can act as catalysts for the activation of the latter 
species. Direct detection of free radical levels in 
biological fluids is difficult because of their very 
short half-lives. Various methods for measuring 
all OS have been developed, but none are widely 
recognized [25].

The OS pathway and inflammation are 
inextricably linked. The oxidant activates the 
transcription of nuclear factor kappa B (NF-κB)), which 
stimulates proinflammatory molecules. On the other 
hand, inflammation causes OS because the production 
of free radicals is material for immune cell activation. 
The interaction between OS and inflammation can 
play an essential role in the pathogenesis of several 
diseases in humans, such as GERD, gastritis, enteritis, 
colitis, and cancer [28], [29].

TOS

The following is the TOS examination principle: 
(1) the oxidant in the sample oxidizes the iron ion-chelator 
complex; (2) the oxidation reaction is prolonged by 
enhancer molecules abundant in the reaction medium; 
(3) in an acidic medium, the iron ion forms a colored 
complex with the chromogen; (4) color intensity, which 
can be measured by spectrophotometry, is related to 
the total number of oxidant molecules present in the 
sample.

The results are reported in micromolar 
H2O2 equivalent per liter (mol H2O2 Equiv./L) and are 
calibrated with H2O2 [30]. Samples that can be used 
are blood serum, plasma with heparin, semen plasma, 
urine, cell lysate, and tissue homogenate. Serum 
samples are stable for up to 1 week at 4°C, 6 months 
at −20°C, and 1 year at −80°C [30].

TAS

The antioxidant defense system consists 
mainly of protein enzymes and endogenous small 
molecules (vitamins E, C, carotenoids, reduced 
glutathione), which neutralize oxygen radicals. 
Superoxide dismutase (SOD) copper/zinc, glutathione 
peroxidase (GPx) selenium, and TAS are part of the 
cellular defense system. SOD catalyzes the dismutation 
of O⁻₂ into H2O2, which is then neutralized by GPx or 
catalase. Because they sequester transition metals like 
copper and iron and prevent them from participating 
in oxidative processes, uric acid, albumin, bilirubin, 
total protein, ferritin, transferrin, and haptoglobin are 
considered tertiary antioxidants. Dynamic interactions 
between numerous biological components, including 
enzymatic and non-enzymatic antioxidant systems, 
dictate antioxidant status [31]. TAS estimated the global 
antioxidant rate of subjects.

When weakened antioxidant defenses, 
body cells and tissues become more susceptible 
to dysfunction and disease; maintaining adequate 
but not excessive antioxidant levels is essential for 
preventing or even treating many disease conditions. 
Examination of total antioxidant capacity can be 
a valuable biomarker of disease in biochemistry, 
medicine, food, and nutrition. The total antioxidant 
capacity examination can be a reliable biomarker 
for diagnostic and prognostic purposes in specific 
conditions such as heart and blood vessel disease, 
diabetes mellitus, neurological disorders, psychiatry, 
kidney and lung disorders, malignancy, and chronic 
inflammatory enteropathy. However, it needs some 
attention in its use, such as choice of method, use of 
other antioxidant biomarkers such as cell antioxidants, 
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antioxidant-response elements, or antioxidant 
vitamins [32]. The TAS is higher in men than women at 
any age. Albumin and uric acid levels in men, women, 
and girls, and total protein in men are significant 
determinants of TAS levels [31].

The oxidation and antioxidant status of serum 
are often checked in serum that has been frozen for 
some time. In contrast, the OS process tends to 
change rapidly in the sample due to the instability of the 
reactants. Jansen et al. investigated the performance 
and stability of human serum samples on short-term 
storage (3 and 48 h), concluded that handling serum 
samples at temperatures of +4 and +20℃ in the short 
term did not affect the quality and performance of the 
oxidation and antioxidant assays during the analysis 
from day to other days [33].

OSI

OSI is one of the OS parameters obtained from 
the calculation of the ratio of TOS to TAS, which is a 
more accurate OSI in the body because it is produced 
from comprehensive measurements of TOS and 
TAS [34], [35].

OSI is the index most often used in the 
literature, especially in patients with cardiovascular 
disease, pregnancy disorders, psychiatric disorders, 
infectious diseases, cancer, skin disorders, oral 
diseases, respiratory diseases, metabolic disorders, 
and other disorders. The index calculation in this study 
used more biological samples than blood, such as 
semen, urine, cerebrospinal fluid, amniotic fluid, vaginal 
cleansing fluid, gingival crevicular fluid, saliva, and 
aqueous humor [35].

Relationship between TOS, Antioxidant 
Status and OSI with GERD Degree

According to multiple recent researches, 
oxygen-free radicals have been associated to esophageal 
mucosal injury in both animals and humans. ROS are 
extremely reactive molecules produced naturally in the 
body. Its production appears to be enhanced as part 
of the inflammatory response, and it causes oxidative 
damage to cells by damaging DNA, proteins, and 
cell membranes. An antioxidant defense mechanism 
protects cells from the harmful effects of ROS during 
cellular metabolism in normal circumstances. When OS 
occurs as a result of pathogenic events, the defense 
system increases the regulation and synthesis of 
antioxidant enzymes such as SOD, catalase, and GPx, 

which are cellular defense mechanisms against ROS. 
O⁻₂ generation as the primary free radical in esophageal 
mucosal deterioration has been established in many 
experimental models of acute and chronic esophagitis. 
Human studies have discovered a relationship 
between mucosal free radical levels and the severity 
of esophagitis, with endogenous antioxidant defense 
systems’ efficacy playing a significant role in preventing 
esophageal mucosal injury. Despite the fact that 
several free radical scavengers have been shown to 
protect esophageal mucosa in animals, research into 
the expression, activity, and relevance of endogenous 
enzymatic antioxidant systems in humans is currently 
limited [36].

Research Oh et al. in rats showed that high 
OS levels cause ER in the esophageal mucosa 
and that antioxidant therapy should be considered 
supplementation therapy with acid suppression in the 
prevention and treatment of ER [37].

The research of Jiménez et al. reduced 
antioxidant activity of SOD may have a role in 
esophageal damage and Barrett’s esophagus in GERD 
patients, leading to increased mucosal production of 
O⁻₂ and peroxynitrite radicals, as well as additional 
cell damage. In reaction to OS, glutathione levels, and 
catalase activity rise. SOD administration could thus 
be a therapeutic target in the management of ER and 
complications including Barrett’s esophagus, according 
to the findings [36].

The role of antioxidants in the pathogenesis 
of ER, Barrett’s esophagus, and esophageal 
adenocarcinoma are still unknown [38]. However, 
research by Karajibani et al. [29] stated that pro-oxidant 
and antioxidant balance (PAB) can be considered as 
predictors for the evaluation of OS in GERD patients 
so that the assessment of PAB together with other risk 
factors for ER can be used in the diagnosis and reduce 
complications disease [29].

Deng et al. [6] investigated the association 
between the severity of reflux esophagitis (GERD group 
and ER group) in children and changes in OS, serum 
inflammation, vasoactive intestinal peptide (VIP), and 
motilin. The study concluded that patients with reflux 
esophagitis had OS (by measuring changes in MDA 
levels, total SOD, VIP, motilin, IL-1β, IL-8, and TNF) 
and elevated robust inflammatory response serum 
VIP (motility regulators), gastrointestinal tract, and 
decreased motilin levels. Controlling changes in the 
above factors using effective therapy means improving 
the development of GERD [6].

The effect of each factor on the development 
of esophagitis can be seen in Figure 1. Inflammatory 
mediator profiles in GERD indicate elevated levels of 
inflammatory components such as ROS, RNS, COX, 
NOS, MPO, and HIF in the esophageal mucosa, 
indicating an inflammatory response. As a result of an 
increase in these factors, damage to the esophagus 
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mucosa increases, which can lead to esophageal 
cancer as if it is not addressed [15].

Figure 1: Effects of each factor on the development of esophagitis [15]

OS conditions can be seen from the increased 
TOS, decreased TAS, and increased OSI. Low total 
antioxidant capacity may indicate OS or increased 
susceptibility to oxidative damage [8].

Conclusion

Since TOS, TAS and OSI are the components 
to measure OS condition, the possibility to interpret 
the severity of GERD is highly likely to be done by 
referencing these values.
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