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ABSTRACT

Gastroesophageal reflux disease (GERD) is a chronic gastrointestinal disorder characterized by the
abnormal reflux of stomach contents into the esophagus, leading to symptoms like heartburn and
regurgitation. GERD significantly impacts patients' quality of life and can result in complications
such as esophagitis, Barrett’s esophagus, and esophageal adenocarcinoma. This review provides a
comprehensive overview of prevalence, risk factors, and current diagnostic approaches for GERD.
Traditional diagnostic methods, such as endoscopy, pH monitoring, and manometry, remain crucial
for identifying the disease. However, these invasive techniques often fail to detect non-erosive GERD
(NERD) and atypical symptoms, limiting their diagnostic utility. Non-invasive diagnostic tools,
including salivary biomarkers (e.g., pepsin) and miRNA testing, offer promising alternatives for
diagnosing GERD, particularly in patients with atypical symptoms who do mnot show wisible
esophageal damage. Furthermore, artificial intelligence (Al) and advanced imaging technologies are
emerging as valuable tools for enhancing diagnostic accuracy and personalizing treatment. These
technologies could complement traditional diagnostic methods and improve early detection of GERD-
related complications. This review emphasizes the need for standardized guidelines and the integration
of advanced, non-invasive technologies into routine clinical practice to improve GERD diagnosis and
management outcomes.

Keywords: Gastroesophageal Reflux Disease (GERD), Non-invasive Diagnostic methods, pH
monitoring, Salivary biomarkers, miRNA testing, Artificial Intelligence (Al)
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INTRODUCTION
Gastroesophageal reflux disease (GERD) is a
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chronic gastrointestinal condition

characterized by the abnormal reflux of
stomach contents into the esophagus. This
condition typically results in symptoms such as
heartburn, regurgitation, and chest pain. The
Disease caused when the lower esophageal
sphincter (LES), which physiologically acts as a
barrier to prevent stomach contents from
backflow, becomes weakened or relaxed. As a
result, stomach contents including acid can
irritate the esophagus, leading to inflammation
and other complications. However occasional
acid reflux is common, but persistent or severe
reflux that causes damage to the esophageal
lining is classified as GERD. The condition
can vary in severity on individual bases, with
some patients experiencing mild symptoms

while others suffer from more serious, life-

disrupting issues such as  esophagitis,
ulceration, or even Barrett’s esophagus.
Persistent  reflux can also result in
complications  like  stricture  formation,

respiratory symptoms, and chronic cough (1).
Worldwide, one of the most prevalent chronic
diseases, affecting millions of individuals. The
daily
functioning and quality of life. In its most

the lead

complications such as erosive esophagitis and

disease  can  significantly  affect

severe form, illness can to

Barrett’s esophagus, a pre-cancerous condition
phag p

the risk of

(2) . Recent studies have

reported an increasing trend in the prevalence

that increases esophageal

adenocarcinoma

of GERD, particularly in Western countries,

with a rising incidence in developing regions,
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associated with changing lifestyles and dietary
habits (3). Moreover, the economic burden of
disease is growing, with a significant rise in
both direct medical costs and indirect costs
due to work absenteeism (4).

The clinical significance of disease cannot be
overstated. In addition to its high prevalence,

GERD is a major contributor to healthcare

utilization and costs. Patients frequently
present to primary care physicians and
gastroenterologists, requiring ongoing

management and follow-up. The symptoms of
disease, such as heartburn and regurgitation,
are often chronic and can severely affect a
person’s quality of life. Furthermore, the
condition is  associated  with  various
comorbidities, including respiratory disorders,
such as asthma and chronic cough, and
cardiovascular  symptoms, like chest pain.
These overlapping symptoms can often lead to
misdiagnosis, making effective treatment and
management challenging (5) . Also exacerbate
with  patients

sleep disorders, reporting

difficulty sleeping due to nocturnal reflux,

which daily

functioning and well-being (6).

significantly  impacts their
The potential longterm consequences if left

untreated can further increase its clinical
complexity. Persistent acid reflux can cause
esophageal damage, leading to complications
like erosive esophagitis and Barrett’s esophagus,
a pre-cancerous condition that increases the
risk of esophageal adenocarcinoma. Recent
studies have suggested that untreated GERD
may be linked to an increased incidence of

with  high

mortality rates (7). Moreover, the progression

esophageal cancer, a disease
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to more severe forms, such as strictures and
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esophageal  perforations, can complicate
treatment and lead to the need for surgical
interventions (8) . This makes early detection
and proper management vital in preventing
disease progression and improving patient
outcomes. Additionally, the disease represents
a substantial economic burden, both directly
and indirectly. Direct costs include medical
expenses for diagnosis, treatment, and
hospitalization, while indirect costs arise from
productivity loss due to missed workdays and

A study

found that hospitalizations and outpatient

reduced workplace performance.
visits significantly contribute to healthcare
expenditure. This combination of health and
economic impacts underscores the critical need
for efficient and

accurate management

strategies (8; 9) . The increasing burden on
both healthcare systems and individuals calls
for better prevention and management
strategies to mitigate its adverse effects (10) .
This review aims to provide a comprehensive
overview of GERD, focusing on its prevalence,
risk factors, and current diagnostic approaches.
to

A systematic approach was employed

identify and synthesize peerreviewed studies

published in 2015 to 2025,
established databases such as PubMed, Scopus,
and Google Scholar. Understanding the global

using well-

and regional prevalence of disease is crucial for
identifying high-risk populations and tracking

its increasing incidence across different

demographics. By reviewing epidemiological
studies and systematic reviews, the review
highlights the geographical and demographic
variations including

in prevalence, rising

62

Volume 3, Issue 3, 2025

trends in both developed and under
developing countries. The review emphasizes
the importance of understanding these trends
to help identify populations most at risk and
implement appropriate public health strategies.
In terms of risk factors, this review explores
studies that examine lifestyle, genetic, and

GERD,
including diet, obesity, and smoking. The

environmental  contributors  to
methodology involved gathering findings from
cohort studies, case-control studies, and cross-
sectional studies, emphasizing those factors
that can be mitigated through prevention
strategies. The review also evaluates the current
diagnostic methods used in clinical practice,
such as endoscopy, pH monitoring, and
manometry, focusing on their effectiveness,
sensitivity, and limitations. Clinical guidelines
and meta-analyses were reviewed to assess the

of

Additionally, emerging diagnostic technologies,

diagnostic  accuracy these methods.
including wireless pH monitoring and non-
invasive biomarkers, are discussed to offer a
broader view for diagnostics. Their potential
role in improving early detection and
treatment is considered, with a focus on the
evolving landscape of GERD diagnostics,
drawing from clinical trial data, observational
studies, and expert opinions published in
recent literature.

PREVALENCE OF GERD

GLOBAL PREVALENCE STATISTICS
Gastroesophageal reflux disease is one of the
most common chronic diseases worldwide,
with a significant impact on healthcare systems
and patients' quality of life. Studies have

consistently shown that the global prevalence
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ranges from 10% to 20% of the population in
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Western countries, with rates of up to 25% in
some regions like the United States and

(11) . According to the World
Gastroenterology Organization, GERD is a

Europe

leading cause of morbidity and is frequently

associated with other chronic diseases,
including asthma, chronic cough, and sleep
apnea (12). In high-income countries, the
condition is a major contributor to healthcare
utilization, accounting for millions of visits to
general practitioners and gastroenterologists
each vyear. This high prevalence is largely
attributed to lifestyle factors such as the
increased consumption of highfat diets,
alcohol, and smoking, in addition to rising
obesity rates (13). In the United States, studies
have estimated that nearly 20% of the adult
population suffered, with heartburn or acid

the
reported symptoms (14).

regurgitation being most commonly
However, the global prevalence of GERD is

not uniform.  Countries with  lower
socioeconomic status or limited access to
healthcare may report lower prevalence rates,
but recent evidence suggests an upward trend
in these regions as Westernized lifestyle habits
permeate (15). A study in India showed that
the illness affects nearly 7% of the urban
population, which is a stark contrast to the 1-
2% prevalence in rural areas (16). The global
prevalence data highlights the growing burden
and the need for widespread public health
aimed at its and

strategies prevention

management.
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REGIONAL
VARIATIONS
THE prevalence of GERD varies significantly

PREVALENCE AND

across different regions of the world. In North
America, particularly the United States, the
prevalence is among the highest globally.
Studies have found that up to 20% of the
population in the United States is affected,
with its prevalence increasing over the past few
decades. This rise is attributed to lifestyle
changes, including increased obesity rates and
dietary patterns high in fat and sugar (17; 15)
Similarly, countries in Europe, such as France
and Germany, also report high prevalence,
with some estimates suggesting that as much as
15-20% of the adult population is affected
(18).In contrast, Asia has historically had lower
prevalence rates, though recent studies indicate
a rising trend. In China, the prevalence of
disease has increased from around 5% in the
early 2000s to approximately 10-15% in recent
years, with urban populations experiencing
(19) .

Factors contributing to this increase include

higher rates than rural populations

changes in diet, stress levels, and lifestyle
choices that are more aligned with Western

food

consumption and sedentary behavior (20; 21).

patterns, such as increased fast
Similarly, in India, the prevalence in urban
centers is rising, with estimates ranging from
7% to 15% among the adult population, while
rural areas report significantly lower rates of
approximately 1-2% (22) . This disparity is
largely due to lifestyle differences between
urban and rural populations, with urban
dwellers adopting more Westernized habits.

Latin America also shows notable regional
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variations. Countries like Brazil and Argentina
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reported prevalence rates was between 10%
and 15%, while rural and remote areas of
Latin America tend to have lower rates, in part
due to different dietary habits and lifestyle
factors (23).

Pakistan

In

and its neighboring countries,
including Iran, Afghanistan, and Kazakhstan,
the prevalence has been steadily rising in
recent years, largely driven by urbanization,
changing diets, and increasing rates of obesity.
In Pakistan, studies have shown that the
prevalence ranges from 7% to 15% in urban
populations, with lower rates in rural areas
where traditional diets and lifestyles are more

(24)

prevalence of around 18% among the adult

common . Similarly, Iran reports a
population, with higher rates seen in urban
regions due to lifestyle changes, including a
high-fat diet and increased stress levels (25). In
Afghanistan, although data is more limited,
emerging studies suggest that the condition
5-10% of the

urbanization  contributing

population, with

this

Kazakhstan also shows increasing rates, with

affects
to rise.
some studies indicating that up to 12% of the
population is affected, influenced by similar
lifestyle factors such as diet and sedentary
behavior (26; 27) . These trends highlight the
growing burden of disease in South and
Central Asia, with urbanization and lifestyle
factors playing significant roles in the rise of
the disease. In Africa, the prevalence is lower
compared to other regions, though studies
suggest an increase in urban populations,
particularly in countries with more developed

healthcare infrastructures such as South Africa
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(28) . The Middle East has a higher-than-
expected prevalence in countries like Saudi
20.1%
influenced by high rates of obesity and
(29)
variations in GERD prevalence highlight the

Arabia, with rates ranging between

sedentary lifestyles . These regional

influence of socio-economic factors, diet,

lifestyle, and to healthcare in

access
determining the burden of the disease.

PREVALENCE BY DEMOGRAPHICS

The prevalence also varies according to
demographic factors such as age, gender, and
socioeconomic status. In terms of age, most
commonly affect adults aged 40 years and

the
significantly with age. Studies show that the

older, with prevalence  increasing
incidence rises in individuals aged 45-60 years,
with a peak in those over 60 years of age, as the
lower esophageal sphincter tends to weaken
with age (30).

Gender also plays a role in the prevalence of
GERD. Historically, the disease has been more
common in men during early adulthood, while
in later years, women tend to report higher
rates of the disease. The gender disparity is
the middle-aged

population, with women more likely to suffer

most  pronounced in
from GERD post-menopause due to hormonal
changes affecting the esophagus and LES
function (31).

Obesity is a significant demographic factor that
the

have a

prevalence, as overweight
higher likelihood of

developing the condition due to increased

influences

individuals

intra-abdominal pressure. A recent study
showed that 45% of obese individuals suffered,

compared to 20% of those with normal weight
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consumption increase the risk, especially in
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Furthermore, smoking and alcohol

younger individuals (33).

RISK FACTORS FOR GERD

LIFESTYLE FACTORS

Lifestyle factors play a significant role in the
development and exacerbation of gastric
disorders. Among the most influential risk
factors are obesity, diet, and smoking, all of
which contribute to the weakening of the
lower esophageal sphincter (LES) and increase
intra-abdominal pressure, both of which are
central to the condition pathophysiology.

Obesity is one of the strongest lifestyle factors

associated with the disease. Studies have
shown that obese individuals are at a
significantly  higher risk of developing

gastroesophageal related diseases, with obesity
increasing the likelihood of GERD by up to
threefold compared to individuals with normal
body weight (34) . The primary mechanism
linking obesity with the condition is increased
intra-abdominal pressure, which can promote

the the

esophagus. tissue,

reflux of gastric contents into

Additionally,

particularly visceral fat, can increase the risk by

fatty

exerting pressure on the diaphragm, which
may further weaken the LES (35).

Dietary habits are another critical factor in the
development and progression of GERD. High-
fat diets, large meals, and the consumption of
trigger foods like spicy foods, citrus fruits,
chocolate, and caffeinated beverages have been
shown to exacerbate the symptoms (36). These
foods can directly irritate the esophageal lining
or delay gastric emptying, leading to increased

reflux events. Studies have demonstrated that a
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diet high in fats and sugars is particularly

associated with an increased risk and its

complications, as these foods can alter gastric
motility and LES tone (37) .

significantly increases the risk. Nicotine in

Smoking also

cigarettes can relax the LES, impair esophageal
motility, and increase gastric acid production,
making it easier for stomach contents to reflux
into the esophagus (38) . Smokers have been
shown to have a 50% higher risk of developing
GERD
Furthermore, smoking can delay esophageal

the

symptoms (39) . Smoking cessation has been

compared to non-smokers.

clearance of acid, which exacerbates

shown to significantly reduce the frequency
and severity of symptoms, highlighting the
of the

management of the disease.

importance lifestyle changes in
Physical inactivity is another contributor to
GERD. Lack of regular physical activity is
linked to obesity and poor gastrointestinal
motility, both of which exacerbate disease
manifestation. Regular physical exercise can

help reduce intra-abdominal pressure and

promote healthy digestive function, thus
improving symptoms in individuals affected by
the disease (40).

MEDICAL CONDITIONS

Several medical conditions are closely linked to
the development of the disease pathology,
including hiatal hernia, pregnancy, and other
gastrointestinal disorders. These conditions
either predispose individuals to GERD or
worsen its symptoms due to their impact on
the esophagus and LES function. A hiatal
hernia is one of the most common anatomical

conditions associated with the condition. It



)
o

occurs when part of the stomach protrudes
the the
disrupting the normal function of the LES and
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into chest through diaphragm,
promoting reflux. Hiatal hernias are found in a
significant proportion of patients, with studies
indicating that up to 60% of individuals with
GERD also have a hiatal hernia (41) . The
presence of a hiatal hernia can worsen the
symptoms by reducing the LES's ability to
by

contributing to abnormal esophageal motility.

prevent gastric reflux, as well as

Pregnancy is another medical condition that
significantly increases the risk of developing
GERD. The prevalence is notably higher in
around 20% of

experiencing disease

pregnant women, with

pregnant individuals
related symptoms during their pregnancy (42).
Pregnancy-induced hormonal changes, such as
increased levels of progesterone, relax the LES,

allowing gastric contents to flow back into the

esophagus more easily. Additionally, the
growing uterus increases intra-abdominal
pressure, further contributing to reflux

symptoms. The symptoms often improve after
pregnancy, but some women may continue to
experience symptoms post-partum.

Other gastrointestinal conditions, such as
(delayed emptying),

functional dyspepsia, and esophageal motility

gastroparesis gastric
disorders, can also predispose individuals to
the condition. In gastroparesis, the delayed

the the

likelihood of gastric contents remaining in the

emptying of stomach increases
stomach for prolonged periods, thereby raising
the risk of reflux. Functional dyspepsia, a

by

discomfort and bloating, has also been found

disorder characterized abdominal
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to overlap with GERD, as the symptoms of

both diseases are often triggered by similar

factors (43).
GENETIC AND ENVIRONMENTAL
FACTORS
Genetic and environmental factors also

contribute significantly to the development
and progression of disease. While lifestyle and
medical conditions play a dominant role,
genetic predisposition cannot be overlooked,
particularly in patients with a family history of
GERD or esophageal cancer.

Genetics has been shown to play a role in
disease, with studies suggesting that individuals
with a first-degree relative who suffers from
GERD are more likely to develop the disease
themselves. A study reported that genetic
polymorphisms affecting the lower esophageal
sphincter (LES) tone and gastric acid secretion
may predispose individuals to the condition.
Additionally, specific genes involved in the
regulation of the esophageal motility and acid
production may influence susceptibility (44;
45). Moreover, the disease has been genetically
link with different other types of diseases (46;
47, 48; 49). Research into these genetic links is
ongoing, with the aim to identify individuals at
higher risk due to their genetic makeup.
Environmental factors such as air pollution,
dietary habits, and stress are increasingly being
studied for their role in GERD development.
Some studies suggest that exposure to certain
environmental factors, such as fine particulate
matter in urban areas, may exacerbate
symptoms by irritating the respiratory and
Stress is  another

esophageal  linings.

environmental factor that can impact GERD
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by increasing gastric acid production and
lowering LES pressure (50; 51; 52; 53; 54) .

Chronic stress, often linked to modern work
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environments, has been identified as a risk
factor for exacerbating symptoms, especially in
individuals with other predisposing factors.

MEDICATIONS AND OTHER FACTORS
Certain medications can also increase the risk
of developing GERD or exacerbate symptoms
in individuals who already have the condition.
Medications that relax the LES or delay gastric
emptying are particularly implicated. Common
classes of medications associated with the
condition include calcium channel blockers,
beta-blockers, and anticholinergic drugs. These

medications are used for various conditions,

including hypertension, heart disease, and

Volume 3, Issue 3, 2025

gastrointestinal disorders, but they have the
unfortunate side effect of promoting acid
reflux by relaxing the LES, which normally
serves as a barrier to prevent acid from
entering the esophagus (55; 56; 57; 58; 59) .

Non-steroidal anti-inflammatory drugs
(NSAIDs) are another class of medications
GERD. Although

treat

known to exacerbate

used to pain  and

NSAIDs can

stomach lining and

commonly
inflammation, irritate  the
increase gastric acid
secretion, which in turn promotes reflux (60;
61) . Prolonged use of these medications can
not only worsen GERD symptoms but also
lead to complications such as gastritis and

peptic ulcers.

TABLE.1: SHOW THE CHARACTERISTICS OF STUDIES RELATED TO RISK FACTORS

Risk
Category

Factor Risk Factor

Description

References

Obesity

Obesity

increases  intra-abdominal 34,35

reflux.

Lifestyle Factors Diet

Smoking

Physical

Inactivity

Alcohol

Consumption

pressure, promoting gastric

Studies show a higher prevalence of
GERD in obese individuals.

High-fat diets, large meals, and spicy
foods can exacerbate GERD symptoms
by increasing gastric acid production
and delaying gastric emptying.
Smoking relaxes the LES, increases

and reduces

of which

gastric acid production,
esophageal motility, all
contribute to GERD.

Lack of regular exercise can lead to
obesity and poor gastrointestinal
motility, worsening GERD symptoms.
alcohol

Excessive consumption can

impair LES function, promote gastric

36,37,38,39

39,103

40,3

104,7

67
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acid secretion, and delay gastric
emptying.
Hiatal Hernia A condition where part of the stomach 41,105,106
pushes into the chest, weakening the
LES and increasing the risk of GERD.
Medical Pregnancy Hormonal changes and increased intra- 42,107
Conditions abdominal pressure during pregnancy
can lead to GERD symptoms in up to
50% of pregnant women.
Gastroparesis, A condition that delays gastric 43,2,8
Functional emptying, increasing the chance of acid
Dyspepsia, reflux. Common in diabetic patients.
Esophageal
Motility
Disorders
Genetic A family history of GERD or esophageal
Predisposition cancer increases the likelihood of 44,45,46,47,48
developing the disease. 49
Genetic &  Air  Pollution, Exposure to air pollutants, particularly
Environmental Stress, Dietary fine particulate matter, may exacerbate
Patterns GERD symptoms by irritating the 50,51,52,53,54
respiratory and esophageal linings. ,9

Chronic stress may contribute to GERD
by increasing gastric acid secretion and
decreasing LES pressure. A shift toward
a Western diet, high in fats, sugars, and
processed foods, is strongly linked to

GERD

developing countries.

increasing prevalence  in

CURRENT DIAGNOSTIC APPROACHES
CLINICAL EVALUATION

The clinical evaluation of GERD begins with
obtaining a thorough patient history and
assessing symptoms. A clinical diagnosis is

based
regurgitation, chest pain, and dysphagia. The

often made on heartburn, acid

frequency and intensity of these symptoms are

68

important in determining the severity of the
disease. Symptoms are usually meal-related and
can be aggravated by certain lifestyle factors.

Other

hoarseness, and globus sensation (a sensation

symptoms such as chronic cough,

of a lump in the throat) are often associated

with extra-esophageal reflux, which can

complicate the diagnostic process.
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habits, should be
identified, as these factors contribute to LES
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and medication use

and increased intra-abdominal

both

Comorbidities like asthma, chronic cough, and

relaxation
pressure, of which are contributed.
sleep apnea are frequently seen in patients,
making the diagnostic process challenging due
to symptom overlap.
Clinical evaluation plays a key role in
differentiating GERD from other conditions,
such as cardiovascular disease and functional
dyspepsia, which may present with similar
symptoms. Validated symptom questionnaires
like GERD-Q and Gerd-HRQL are useful in
quantifying the severity and frequency of
disease symptoms, which helps guide treatment
decisions (62; 63).
MONITORING-BASED
APPROACHES FOR GERD

Endoscopy is considered the gold standard for

DIAGNOSTIC

diagnosing GERD, particularly in patients with

severe or complicated symptoms. Upper
endoscopy allows for direct visualization of the
esophageal mucosa, aiding in the detection of
erosive  esophagitis,  ulcerations, and
complications such as Barrett’s esophagus.
Endoscopy is also useful for ruling out other
peptic

esophageal cancer. However, endoscopy does

conditions, such as ulcers and

not detect non-erosive (NERD), where the
esophageal lining appears normal despite
chronic acid reflux (64; 65).
pH monitoring plays a crucial role in
diagnosing the condition, especially in cases
where symptoms are not clearly linked to acid

reflux. 24-hour ambulatory pH monitoring is

69
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the gold standard for measuring acid exposure
in the esophagus. A catheter inserted through
the nose into the esophagus measures the pH
levels over 24 hours, correlating reflux events

This helpful

determining the frequency, duration,

with symptoms. test is in

and
thereby guiding

severity of acid reflux,

treatment decisions. However, wireless pH

the BRAVO

capsule, are increasingly preferred due to their

monitoring systems, such as

greater comfort and mobility for patients. The
BRAVO

wireless capsule in the esophagus, which

system involves placing a small
transmits data to an external receiver, making
it a less invasive and more patientfriendly

alternative (66; 67).

Manometry is used to assess esophageal

motility and the function of the lower
esophageal sphincter (LES). It involves passing
a catheter through the esophagus to measure
LES pressure and esophageal peristalsis. A
hypotensive LES or disordered motility can
contribute to GERD by allowing gastric
contents to flow back into the esophagus.
Manometry is especially useful in patients with
atypical symptoms or those undergoing surgical
treatments like fundoplication (68). Impedance
monitoring measures the movement of liquids,
gas, and mixed contents in the esophagus,
detecting both acid and non-acid reflux.
Unlike pH monitoring, which only measures
acidic reflux, impedance can detect non-acid
reflux, which is important for diagnosing non-
erosive reflux disease (NERD). Impedance-pH
monitoring, which combines both techniques,
is increasingly used to assess the symptom-

reflux relationship, particularly in patients



)
o

with atypical symptoms, such as chronic cough

RINMSR

Review Journal of Neurological
& Medical Sciences Review

or laryngopharyngeal reflux (69; 70).
Together, these monitoringbased diagnostic
approaches provide a holistic view of the

While

endoscopy and pH monitoring are essential for

disease and its complications.

visualizing esophageal damage and measuring

acid reflux, manometry and impedance

monitoring provide deeper insights into
esophageal motility and the role of non-acid
reflux in GERD symptom:s.
NONINVASIVE
APPROACHES FOR GERD

Salivary biomarkers, such as pepsin, have

DIAGNOSTIC

emerged as noninvasive diagnostic tools for the
condition. Pepsin, a digestive enzyme normally
found in the stomach, has been detected in
saliva following acid reflux episodes. Salivary
pepsin has shown promise as a diagnostic
marker for non-erosive and laryngopharyngeal
reflux, as it correlates with acid exposure and
reflux episodes. Studies suggest that detecting
pepsin in saliva can help identify GERD in
patients with atypical symptoms who do not
show visible damage in the esophagus (71; 72;
73; 14; 75).

miRNA (microRNA) biomarkers are being
investigated for their role in gastric related
disorders diagnosis. Specific miRNAs, such as
miR-205 and miR-4668, have been shown to
be differentially expressed in GERD patients,
particularly those with eosinophilic esophagitis
and esophageal cancer. These miRNAs are
stable in saliva, making them attractive
noninvasive diagnostic tools. The use of
miRNA in saliva could provide a sensitive and
diagnosing GERD,

specific method for

70
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particularly in cases of non-erosive (76; 77; 78;
79; 80).

Hormonal markers, such as gastrin and ghrelin,
are also being explored for their potential role
in diagnosis. Gastrin, a hormone that regulates
acid production in the stomach, is often
elevated in patients. Ghrelin, involved in
esophageal motility, could serve as a marker for
LES function and reflux events (81; 82; 83; 84;
85; 86) . These noninvasive approaches offer
significant advantages in routine screening and
follow-up care, providing a patientfriendly,
low-cost alternative to traditional diagnostic
methods.

EMERGING DIAGNOSTIC METHODS
FOR GERD
Emerging diagnostic methods are
revolutionizing the management of diseases.
Artificial Intelligence (Al) is being used to
analyze endoscopic images and patient data to
improve diagnostic accuracy. Al algorithms are
being developed to detect Barrett’s esophagus,
erosive esophagitis, and other gastricrelated
complications by analyzing endoscopic findings
and correlating them with patient symptoms.
Albased systems could assist clinicians in
making data-driven treatment decisions for
GERD patients (87; 88; 89; 90; 91).

Advanced imaging techniques, such as high-
resolution ultrasound and magnetic resonance
imaging (MRI), are also being explored for
reflux and esophageal

visualizing events

motility. These techniques provide more
detailed images of the esophagus compared to
traditional endoscopy and may offer new
insights into the condition pathophysiology

(92; 93; 94; 95) . In addition to imaging,
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biomarkers and genetic testing are being
integrated into the diagnostic process. Genetic
markers associated with Barrett’s esophagus

and esophageal adenocarcinoma are being

studied to help identify high-risk individuals
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accuracy

and

Volume 3, Issue 3, 2025

early  detection

complications (96; 97; 98; 99; 100).

for earlier intervention. Biomarkers such as
serum pepsinogen and gastric juice markers are

also being explored to improve the diagnostic

and its

TABLE.2: SUMMARY OF CURRENT AND EMERGING DIAGNOSTIC APPROACHES
FOR GERD
Diagnostic Description Advantages Limitations Citations
Approach
- Patient history - Useful for initial
and symptom diagnosis and
assessment differentiating ~ from
(heartburn,  acid other conditions. Symptoms may overlap
regurgitation, chest with other conditions
1.  Clinical pain, dysphagia). like cardiovascular
Evaluation - Identifying risk - Symptom disease or functional
factors and questionnaires  (e.g., dyspepsia.
comorbidities GERD-Q, Gerd- (62; 63)
(obesity, smoking, HRQL) guide
asthma, etc.). treatment.
- Differentiating - Helps guide treatment
GERD from other decisions.
diseases.
2. Monitoring-Based Diagnostic Approaches
2.1 - Visualizes - Direct visualization of - Does not detect non- (64; 65)
Endoscopy esophagus for esophagus. Detects erosive GERD
detecting  erosive complications and (NERD).
esophagitis, rules out other
ulcerations, and conditions.
complications like
Barrett's esophagus.
2.2 pH - Measures acid - Provides detailed data -  Traditional —pH (66; 67)
Monitoring  exposure in on acid reflux severity monitoring is invasive;
esophagus using 24- and symptom wireless systems may
hour pH correlation. not detect non-acid
monitoring or reflux.
wireless ~ BRAVO
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2.3

Manometry

2.4
Impedance

Monitoring

capsule systems.

- Assesses
esophageal motility
and LES function
by

pressure

measuring
and

peristalsis.

- Detects both acid

and non-acid reflux

by measuring
movement of
liquids, gas, and

mixed contents in

esophagus.

- Useful for atypical

GERD symptoms or
patients  undergoing
surgery.

- Can detect non-acid
reflux, important for
NERD atypical
GERD symptoms.

and

3. Noninvasive Diagnostic Approaches

3.1 Salivary - Detects pepsin in

Biomarkers saliva ~after acid

(Pepsin) reflux episodes.

3.2 miRNA - miRNAs (e.g,

Biomarkers miR-205, miR-
4668) are
differentially
expressed in GERD
patients and stable
in saliva.

3.3 - Gastrin  and

Hormonal ghrelin are being

Markers studied for GERD

(Gastrin, diagnosis.

Ghrelin)

4. Emerging Diagnostic Methods

- Noninvasive;
promising for
diagnosing NERD and
atypical GERD
symptoms.

- Noninvasive; could be
useful for diagnosing

NERD atypical
GERD.

and

- May provide insights
into LES function and

acid production.

- Limited availability;

mainly  used  for

surgical evaluation.

- Requires specialized
equipment and
expertise.

- Still under research,
limited clinical
validation.

- Not widely validated

for clinical use.

- In early research
phases; not yet widely
used in  routine

clinical practice.

(68)

(69; 70)
(71, 72,
13; T4;
75)

(76; 77,
78;  79;
80)

(81; 82
83; 84
85; 86)
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4.1 Artificial -

Al analyzes - Assists in early -  Requires large (87; 88;

Intelligence  endoscopic images detection and data- datasets and validation 89;  90;
(AI) and patient data driven treatment before widespread use.  91)

for improved decisions.

diagnostic accuracy,

especially for

complications.
4.2 Advanced - High-resolution - Non-invasive; offers - High cost and limited (92; 93;
Imaging ultrasound and more detailed images availability. 94; 95)
(Ultrasound, MRI provide compared to
MRI) detailed images of traditional methods.

reflux events and

esophageal motility.
4.3 Genetic - Genetic markers - Potential for earlier - In early stages of (96; 97;
and associated with intervention and research; not yet 98; 99
Biomarker GERD and its improved diagnostic widely adopted in 100)
Testing complications are accuracy. clinical practice.

being studied.
CHALLENGES IN DIAGNOSIS LPR refers to the backflow of stomach

NON-SPECIFIC SYMPTOMS OF GERD

One of the primary challenges in diagnosing
lies in its non-specific symptoms, which often
While

heartburn and acid regurgitation are the

overlap with other conditions.
hallmark symptoms, they are not exclusive.
Chronic cough, hoarseness, globus sensation
(the feeling of a lump in the throat), and chest
pain are common among patients, but these
symptoms are also frequently seen in other
conditions such as asthma, upper respiratory
infections, cardiovascular  diseases, and
esophageal motility disorders. This overlap
makes it difficult to differentiate GERD from
based

other diseases solely on clinical

presentation.
Atypical symptoms, such as laryngopharyngeal
reflux (LPR), further complicate diagnosis.

73

contents into the larynx or pharynx and can
lead to symptoms like hoarseness, chronic

These

symptoms are often mistakenly attributed to

throat clearing, and sore throat.
viral infections or allergies, delaying proper
diagnosis. The difficulty in linking these non-
specific symptoms with GERD means that
many patients remain undiagnosed or are
misdiagnosed, especially those who do not
exhibit the classic heartburn symptoms.

Moreover, atypical symptoms can occur in the
absence of esophageal damage, making it even
harder to detect the disease with traditional
diagnostic methods like endoscopy. Patients

(NERD)
present with GERD symptoms, but their

with non-erosive reflux disease

esophageal lining appears normal during

endoscopy, leading to misdiagnosis or under-
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on symptom correlation through advanced
diagnostic tests, such as pH monitoring and

which

limitations in terms of accessibility, patient

impedance monitoring, still  face

compliance, and cost (101).
LIMITATIONS OF CURRENT METHODS
While current diagnostic methods for GERD,
pH

manometry, and impedance monitoring, are

including  endoscopy, monitoring,
essential in diagnosing and assessing the
severity of the disease, they all have their
limitations. Endoscopy, though invaluable in
detecting erosive esophagitis and Barrett’s
esophagus, is invasive, expensive, and may not
identify non-erosive reflux disease. In fact,
studies show that non-erosive constitutes more
than half of cases, yet these patients often do
not display visible esophageal damage, limiting
the utility of endoscopy in these «cases.
Similarly, pH monitoring, the gold standard
for assessing acid reflux, can only detect acidic
reflux and does not account for non-acid
reflux, which may still contribute to symptoms.
As a result, this test may miss significant reflux
events that are not acidic but still harmful to
the  esophagus. 24-hour
ambulatory  pH be

uncomfortable for patients and is often labor-

Furthermore,
monitoring  can
intensive, limiting its widespread use. Wireless
alternatives, such as the BRAVO system, are
more comfortable, but they are still relatively
cost-prohibitive for some healthcare settings.
Manometry, which assesses LES function and
esophageal — motility,  provides  valuable
information, but it is invasive and is primarily
used in surgical

patients  undergoing

74
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interventions or those with atypical symptoms.
Impedance monitoring is a valuable adjunct to
pH monitoring, as it can detect both acidic
and non-acid reflux and has the advantage of
assessing non-acid reflux that contributes to
GERD. However, impedance monitoring is less
commonly available and may not always
correlate with symptom severity. Furthermore,
all these tests require patient cooperation and
expert interpretation, which adds to the
complexity and cost of diagnosis (68).

The limitations of these methods underscore
the need for more accessible, non-invasive, and
cost-effective diagnostic tools to accurately
diagnose GERD, particularly in cases with
atypical symptoms or NERD, which often
remain undiagnosed with current practices.
NEED FOR STANDARDIZED
GUIDELINES

Despite advances in diagnostics, there remains
a lack of standardized guidelines for the
of GERD,

especially in cases with atypical symptoms or

diagnosis and management
NERD. The variability in diagnostic practices,
test accessibility, and interpretation across

lead

misdiagnosis or under diagnosis. Establishing

different healthcare settings can to

clear, evidence-based guidelines for when and
how to use different diagnostic tests would

improve diagnostic accuracy, treatment efficacy,

and  patient  outcomes.  Standardized
approaches would help clinicians better
navigate the complexities of diagnosing,

particularly in light of its diverse clinical

presentations and non-specific symptoms (102).
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This review explored the range of diagnostic
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techniques available for GERD, focusing on
both

Clinical evaluation, the first step in diagnosing,

traditional and emerging methods.

remains foundational in identifying typical
like

regurgitation. However,

symptoms heartburn  and  acid
atypical symptoms,
such as chronic cough and laryngopharyngeal
reflux (LPR), pose significant challenges in
These

symptoms often overlap with conditions like

clinical  diagnosis. non-specific

asthma, cardiovascular disease, and upper
respiratory infections, leading to potential
misdiagnoses. The difficulty in diagnosing the
disease in the absence of classic symptoms
reinforces the need for advanced diagnostic
methods.

Endoscopy, the gold standard for assessing
erosive esophagitis and Barrett’s esophagus,
provides invaluable insight into esophageal
damage caused by chronic acid reflux. However,
its inability to detect non-erosive, a condition
that affects up to 60% of GERD patients,
pH

monitoring, though effective in confirming

limits its  diagnostic  capabilities.
acid reflux, only measures acidic reflux and is
unable to detect non-acid reflux, which can
also contribute to the condition symptoms.
This highlights the importance of impedance
monitoring, which can detect both acid and
non-acid reflux, offering a broader view of
reflux events that might trigger symptoms,
particularly in atypical cases. The combination
of impedance-pH monitoring provides a more

of

episodes and their relationship to symptoms.

comprehensive  understanding reflux
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Moreover, non-invasive diagnostic approaches
like miRNAs,

hormonal represent

salivary  biomarkers, and

markers promising
advancements in diagnosis. Salivary pepsin
and miRNAs offer a relatively easy, non-
invasive method for diagnosing NERD and
laryngopharyngeal reflux, which are often
missed by traditional methods. Hormonal
markers such as gastrin and ghrelin are being
explored for their role in LES function and
acid reflux, but further validation is required.
These emerging non-invasive methods hold the

the
diagnostic accuracy of GERD and reduce

potential to  significantly improve
patient discomfort associated with invasive
tests like endoscopy and pH monitoring.

When comparing the current monitoring-
based diagnostic approaches with emerging
methods, several strengths and limitations
become apparent. Endoscopy is invaluable for
detecting  erosive  esophagitis,  Barrett’s
esophagus, and other structural complications,
making it crucial for patients presenting with
severe or complicated symptoms. However,
endoscopy is invasive and costly, and it fails to
detect non-erosive type and extra-esophageal
symptoms. Furthermore, patient discomfort

the the

procedure make it less ideal for routine

and need for sedation during
screening or follow-up assessments, particularly
for milder cases.

pH monitoring and impedance monitoring
complement endoscopy by providing a
quantitative assessment of acid reflux. However,
pH monitoring only measures acidic reflux,
which means it may miss important non-acid
This gap addressed by

reflux events. is
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broader range of gastric contents and provide a
more comprehensive view of reflux in non-

Yet, be

inconvenient for patients and require expert

erosive. these methods can
interpretation, which limits their accessibility
in some clinical settings.

On the other hand, non-invasive approaches,
such as salivary biomarkers and miRNA testing,
offer significant promise for diagnosing GERD
without the need for invasive procedures.
Salivary pepsin, in particular, has been found
to correlate with reflux events, offering a
relatively simple, patientfriendly, and cost-
effective diagnostic tool. Similarly, miRNA
testing is emerging as a valuable tool for
detecting non-erosive and Barrett’s esophagus.
However, these non-invasive tests still require
further validation in larger clinical trials to

confirm their diagnostic accuracy and clinical

utility.

Emerging technologies, such as Al-based
analysis of endoscopic images and advanced
imaging techniques like MRI and high-
resolution ultrasound, are opening new
frontiers in  GERD  diagnosis.  These

innovations offer more detailed imaging and
the potential for real-time diagnosis, but they
are still in the experimental phase and not yet
widely available in clinical practice. The
integration of advanced diagnostic methods,
particularly non-invasive approaches, is likely
to have a profound impact on patient care and

of

disease is crucial for effective management and

clinical outcomes. Accurate diagnosis

prevention of complications. Early detection of

erosive esophagitis, Barrett’s esophagus, and
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esophageal adenocarcinoma can significantly
reduce morbidity and mortality associated with

GERD-related
diagnostics like salivary pepsin and miRNA

cancers. Non-invasive
testing could play a key role in identifying non-
erosive type of disease and atypical cases that
often go undiagnosed with traditional methods.
The of

diagnostics (e.g., pH monitoring, manometry)

combination monitoring-based
and emerging non-invasive tests could provide

a personalized approach to h disease
management, allowing healthcare providers to
tailor treatments based on individual patient
profiles. This would improve patient outcomes
by ensuring that the most effective therapies
are selected for each patient. The integration of
Al and machine learning into diagnostic
workflows further enhances decision-making
by assisting clinicians in interpreting complex
data from multiple diagnostic tests, ultimately
improving diagnostic accuracy and treatment
efficacy. However, for these advancements to
be fully realized in clinical practice, significant
work is needed to overcome accessibility and
cost barriers. As these technologies become
more affordable and widely available, they will
likely become integral to routine diagnosis and
management.

The findings from this review suggest several
key implications for clinical practice. First,
clinicians should integrate a combination of
clinical evaluation and advanced diagnostic
tools to ensure accurate diagnosis. Given the
wide variability in symptoms, a personalized
approach using monitoring-based diagnostic
techniques like pH monitoring, impedance
and will

monitoring, salivary biomarkers
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atypical symptoms or non-erosive GERD, non-
invasive methods such as miRNA testing and
salivary pepsin could provide a simple and cost-
effective  diagnostic  solution.  Emerging
technologies, including Al-driven diagnostics
and advanced imaging techniques, should be
considered for patients with complex or severe
presentations, as these methods can provide
real-time data and assist in personalized
treatment planning.

guidelines

Finally, standardized diagnostic

should be established to incorporate these new

Such

guidelines would streamline the diagnostic

technologies into routine practice.

process, improve treatment outcomes, and
ensure that GERD patients receive the most
appropriate care.

CONCLUSION

The diagnosis of GERD continues to evolve
with advancements in non-invasive diagnostics
and emerging technologies. While endoscopy
and pH monitoring remain foundational, new
methods like salivary biomarkers, miRNA
testing, and Al-based diagnostics promise to
enhance diagnostic accuracy and patient
comfort. The integration of these technologies
into  clinical ~ practice  could  improve
personalized care, leading to better patient
outcomes and reduced complications. However,
further validation and standardized guidelines
are needed to incorporate these innovations
into routine clinical workflows and ensure

their widespread implementation.
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