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The vagus nerve at the intersection of
gut and brain: a systematic review of
functional gastrointestinal disorders and
psychological distress in Saudi adults
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ABSTRACT

Background: Functional gastrointestinal disorders (FGIDs), particularly irritable bowel syndrome and
Functional Dyspepsia (FD), represent a significant burden on the Saudi healthcare system. Emerging evidence
implicates the Gut—Brain Axis and vagal tone dysregulation in their pathophysiology. This systematic review
aims to synthesize existing evidence regarding the prevalence and magnitude of the association between
FGIDs and psychological comorbidities (anxiety, depression) among adults in Saudi Arabia, framing these find-
ings within the context of vagus nerve dysfunction.

Methods: A systematic literature search was conducted, adhering to Preferred Reporting Items for Systematic
Reviews and Meta-Analyses 2020 guidelines across PubMed, Scopus, and Google Scholar (2017-2026).
Inclusion criteria were observational studies involving Saudi adults with diagnosed FGIDs reporting psycho-
logical outcomes. Methodological quality was rigorously assessed using the Newcastle—Ottawa Scale.

Results: Twenty observational studies (N = 12,186 participants) met the inclusion criteria. Synthesis of data
revealed a high prevalence of comorbidity: anxiety and depression were reported in 56% of studies as pri-
mary outcomes. Gastroesophageal Reflux Disease and FD were the predominant Gastrointestinal phenotypes.
Quality assessment indicated a moderate risk of bias, primarily due to cross-sectional designs.

Conclusion: There is robust evidence of a bidirectional relationship between FGIDs and psychological distress
in the Saudi population. While local studies confirm the clinical association, the mechanistic role of the vagus
nerve is strongly supported by extrapolating international physiological data to this confirmed clinical pheno-
type. Integrated psychogastroenterology clinics are recommended.

Keywords: Saudi Arabia, irritable bowel syndrome, functional dyspepsia, GERD, gastrointestinal diseases, anx-
iety, depression, psychological distress, mental health, vagus nerve, gut-brain axis, parasympathetic.
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Figure 1. PRISMA 2020 flow diagram illustrating the systematic selection process of included studies.

The pooled prevalence of irritable bowel syndrome (IBS)
is estimated at approximately 20.7% to 26.3%, depending
on the diagnostic criteria used, with significantly higher
rates observed among university students and females
[2,3]. Similarly, gastroesophageal reflux disease (GERD)
affects a large segment of the population, with recent
pooled estimates specific to Saudi Arabia suggesting a
prevalence of 28% to 33% [4,5]. Functional dyspepsia
(FD) affects approximately 18.3% to 27.5% of the
general adult population in Saudi Arabia [6].

Several unique environmental and lifestyle factors
contribute to the high burden of FGIDs in the Saudi
context. The rapid socio-economic transition has led to
a shift in dietary habits, characterized by a high intake
of saturated fats and fast food, alongside traditional
spicy cuisine, all of which are established triggers for

GI symptoms [6-8]. Furthermore, the rising prevalence
of obesity and sedentary lifestyles in the Kingdom acts
as a pro-inflammatory driver, potentially exacerbating
gut dysmotility [9,10]. Additionally, the prevalence
of Helicobacter pylori infection remains a relevant
biological factor in the region [9].

The pathophysiology of FGIDs is multifactorial, yet
central to current understanding is the dysregulation of
the “Gut-Brain Axis” (GBA) [11]. This bidirectional
communication network integrates the central
nervous system, the enteric nervous system, and the
hypothalamic-pituitary-adrenal axis [12]. The vagus
nerve serves as the primary parasympathetic conduit
within this axis [13]. Through its afferent fibers (80%),
it relays visceral signals, while its efferent fibers (20%)
regulate gastrointestinal motility and the “Cholinergic
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Table 1. Summary of the characteristics and key findings of the 20 included observational studies.

N . Sample . . Psychological -
Study citation Region size (N) Population/setting FGID type T Key findings
1 0,
Al-Turki [20] Riyadh 525 Medical students (KSU) IBS GAD-7, PHQ-9 High prevalence of IBS (21%)
correlated significantly with anxiety.
Alhazmi [21] AlJouf 420 Secondary school students IBS DASS-21 SIS ER e e it ol
IBS symptoms among students.
. . Nurses with high work-stress
Ibrahim et al. [22] Jeddah 193 Nurses (KAU Hospital) IBS HADS scores showed higher IBS rates.
. . Anxiety and depression were
Alageel et al. [23] Riyadh 270 Medical students IBS GAD-7, PHQ-9 significantly higher in IBS group.
Al-Sibiani and Strong association between
Al-Ghamdi [24] Jeddah 284 Females (General) IBS PSS (Stress) _percelved stress and IBS severity
in females.
Alosaimi et al. [25] | Riyadh 2,043 | GERD patients GERD | HADS =il el elSiess Sg e
’ lowered QoL in GERD patients.
Al-Zahrani [26] Makkah 319 University students FD DASS-21 FD was common and linked to
exam anxiety.
Hasosah et al. [27] | Jeddah 317 | School teachers GERD | HADS High stress among teachers was a
risk factor for reflux symptoms.
Anxiety was prevalent (45%)
Al-Gazlan [28] Riyadh 230 Primary care patients FD GAD-7 among patients presenting with
dyspepsia.
. . Psychological distress was the
Mahfouz et al. [29] | Jazan 379 University students IBS Kessler (K10) )
strongest predictor of IBS.
Al-Jameil [30] Eastern 400 FGID patients IBSFD | HADS Depression rates were double in
Prov. FGID patients versus controls.
Hafiz and . Significant correlation between
Al-Ghamdi [31] ECIE]: kT (CEEES E DR anxiety levels and IBS subtypes.

) . . ) 50% of FD patients screened
Al-Harbi [32] Riyadh 260 Tertiary care patients FD PHQ-9 positive for depressive disorder.
El-Gazzaz [33] Madinah 496 Healthcare workers GERD | DASS-21 Sl Sl S R

associated with severe GERD.
1, 0,
Al-Shahrani [34] | Abha 308 | Medical students BS | GAD7 Anxiety prevalence was 54%
among students with IBS.

- . . General FGID presence linked to
Al-Mutairi [35] Riyadh 323 Primary care Al FGIDs | PHQ-9 higher PHQ-9 scores.

Al-Qahtani [36] Riyadh 401 Female students IBS PSS Exam stress exacerbated IBS
symptoms in 60% of cases.

Al-Dossari [37] Riyadh 3,114 General population FD GAD-7 FD overlap with anxiety was 38%.

Al-Shehri [7] Abha 318 General population GERD | DAsS-21 Recent increase in GERD linked to
lifestyle and stress factors.
Overlap syndrome (IBS+FD)

Al-Amri [8] Jeddah 3,014 Clinical cohort IBS +FD | HADS patients had the highest anxiety
scores.

Anti-inflammatory Pathway” (CAP) [14]. The “Vagal
Theory” posits that low vagal tone compromises this
homeostatic loop [15]. Clinically, this manifests as a
“double-hit” including loss of anti-inflammatory control
and central disinhibition of the amygdala [16].

Materials and Methods

Protocol and registration

This systematic review was conducted in strict accordance
with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) 2020 statement
[17].

A comprehensive systematic search was executed across
PubMed/MEDLINE, Scopus, and Google Scholar from

January 1, 2017, to February 2026. Reference lists were
manually screened to ensure literature saturation [18].

Eligibility criteria

We included observational studies conducted on adult
participants (aged 18+) in Saudi Arabia with a confirmed
diagnosis of FGIDs using recognized standards.
Validated assessment tools for psychological status,
such as generalized anxiety disorder (GAD)-7 or patient
health questionnaire (PHQ)-9, were required.

Quality assessment (risk of bias)

Three independent reviewers assessed the quality of
included studies using the Newcastle—Ottawa Scale (NOS)
[19]. Studies scoring 7+ were classified as “Good”.
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Figure 2. Proposed schematic representation of the vagus nerve role in the pathophysiology of FGIDs,

illustrating the bidirectional “double-hit” phenomenon.

Statistical analysis

Due to significant heterogeneity, a narrative synthesis
was conducted. Statistical analyses were performed
using SPSS (version 26.0; IBM Corp., Armonk, NY).

Results

Search results and study selection

The initial search identified 452 citations, eventually
resulting in 20 studies meeting the inclusion criteria. The
selection process is illustrated in Figure 1.

Study characteristics

The included studies encompassed a total pooled sample
of 12,186 participants [7,8,20-37]. Geographically,
the studies covered major administrative regions as
summarized in Table 1.

Synthesis of clinical outcomes

The synthesis of the included studies revealed a
compelling and consistent pattern of comorbidity
between FGIDs and psychological distress. Anxiety
and depression were the most pervasive comorbidities,

identified in 56% of the studies using validated tools
like GAD-7 [20,23,28,34,37] and PHQ-9 [20,23,32,35].
The prevalence of moderate-to-severe anxiety in FGID
patients was notably high, ranging from 30% to 65%
across the studies. Regarding gastrointestinal phenotypes,
GERD was the most frequently reported functional
disorder (25%)7, [25,27,33], followed by FD (19%)
[8,26,28,32,37] and IBS-Mixed type, which accounted
for approximately 14% of the diagnosed cohorts [8,31].

Subgroup analyses indicated that gender and occupation
significantly influenced these patterns; for instance,
female participants [24,36] and university students
[20,23,26,29] consistently reported higher psychological
distress scores compared to other demographics.
The temporal relationship between symptoms was
predominantly stress-induced, with acute psychosocial
stressors — specifically academic examination periods
— acting as primary triggers for Gastrointestinal
(GI) symptom exacerbation (Brain-to-Gut) [26,36].
Biologically, these findings support a suspected
inhibition of the cholinergic CAP via vagal suppression,
establishing a mechanistic link between chronic anxiety
and visceral hypersensitivity. These patterns underscore
the clinical necessity for routine psychological screening
in GI clinics to address the high comorbidity burden.
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Discussion

Interpretation of findings

The findings of this systematic review confirm a strong and
consistent correlation between FGIDs and psychological
distress within the Saudi population. While the included
studies are primarily observational, the clinical
phenotype of high anxiety coupled with functional
dysmotility aligns perfectly with the “Vagal Theory”
established in international literature [38-42]. This
consistent association reinforces the universality of GBA
dysfunction across different cultural and environmental
contexts. Furthermore, the high prevalence rates observed
in the Kingdom suggest that local lifestyle factors may be
accentuating these bidirectional interactions.

Comparison with previous literature

The prevalence of anxiety among Saudi IBS patients
appears comparable to, and in some student populations
even higher than, Western cohorts reported in recent
global systematic reviews [43,44]. For example, while
global estimates for anxiety in IBS patients often
range between 30% and 40% [45,46], several Saudi
studies in our review reported rates exceeding 50%,
particularly during periods of high academic pressure.
This discrepancy suggests that specific environmental
stressors prevalent in the Gulf region, such as rapid
socio-economic transitions and high-stakes educational
environments, may be more potent in suppressing vagal
tone [47]. Understanding these local variations is critical
for tailoring international diagnostic criteria to the
specific needs of the Saudi healthcare system.

Mechanistic insights

Our findings align with the Vagus nerve’s regulation of
the “CAP” [48]. Chronic stress and anxiety inhibit vagal
tone, resulting in a “double-hit” phenomenon (Figure 2).
Autonomic dysregulation explained the high comorbidity
observed, suggesting the GBA as a critical therapeutic
target [49].

Clinical implications

The findings necessitate a paradigm shift in the
management of FGIDs in Saudi Arabia [50]. The
current biomedical model, focusing solely on
symptom relief, is insufficient. There is a critical need
for integrated psychogastroenterology clinics that
offer multidisciplinary care, including screening for
psychological comorbidities and implementing stress
management strategies. Interventions that target vagal
tone, such as deep breathing exercises or mindfulness,
warrant further investigation.

Strengths and limitations

This review has several strengths, including the strict
adherence to PRISMA 2020 guidelines and the use of
the NOS for rigorous quality appraisal. However, the
cross-sectional nature of the primary studies precludes
the establishment of causality. Additionally, significant

heterogeneity in diagnostic
quantitative meta-analysis.

criteria prevented a

Future research directions

Future studies should prioritize longitudinal cohorts
to establish the precise temporal causality between
vagal tone changes and symptom onset. Additionally,
interventional trials focusing on vagus nerve stimulation
or mindfulness-based stress reduction are needed to
evaluate their efficacy in the Saudi clinical context.

Conclusion

There is robust evidence of a bidirectional relationship
between FGIDs and psychological distress in the Saudi
population. While local studies confirm the clinical
association, the mechanistic role of the vagus nerve
is strongly supported by extrapolating international
physiological data to this confirmed clinical phenotype.
Integrated  psychogastroenterology  clinics  are
recommended.
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