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ABSTRACT

Introduction: Irritable bowel syndrome (IBS) is a heterogenous disorder of gut-brain interaction, characterized by complex
interaction between gastrointestinal symptoms, psychological distress and physical functioning. While physical activity is in-
creasingly recommended as part of IBS management, the pathways through which physical and mental health relate to symptom
severity remain incompletely understood.

Objective: To explore the interrelationships between physical activity, physical health, mental health and IBS symptom severity
using Structural Equation Modeling (SEM) within a biopsychosocial framework, in adults with IBS.

Methods: In this cross-sectional exploratory study, 106 adults with a clinician-confirmed diagnosis of IBS (Rome IV criteria)
completed validated questionnaires assessing IBS severity (IBS-SSS), physical activity (GPAQ), anxiety (GAD-7), depression
(PHQ-8), and health-related quality of life (SF-36). Bivariate correlations were examined, followed by SEM to investigate relation-
ships between latent constructs of physical health and mental health on IBS symptom severity.

Results: Participants (mean age: 45+ 14years; 82% female) reported high IBS symptom severity (333 +89) and wide-ranging
physical activity levels (mean: 3382 +4482 MET-min/week). Bivariate analysis showed significant correlations between IBS
symptom severity and anxiety (r=0.235, p<0.05), depression (r=0.240, p <0.05) and multiple physical health domains, includ-
ing pain (r=0.454, p <0.001). In the SEM physical health demonstrated a large but non-significant association with IBS symptom
severity (8=0.68, p=0.065), while mental health showed no statistically significant direct path (§=0.19, p=0.261). Physical
activity was significantly associated with physical health (8=0.22, p<0.001) and physical and mental health latent constructs
were strongly correlated (8=0.72).

Abbreviations: ANOVA, Analysis of Variance; DGBI, Disorder of Gut-Brain Interaction; GAD-7, Generalized Anxiety Disorder-7; GBA, Gut-brain axis; GPAQ, Global
Physical Activity Questionnaire; HRA, Health Research Authority; HRQoL, Health related quality of life; IBS, Irritable Bowel Syndrome; IBS-SSS, IBS Severity
Scoring System; PHQ-8, Patient Health Questionniare-8; PPI, Patient and public involvement; QoL, Quality of life; SF-36, Health related Quality of Life.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,
provided the original work is properly cited.
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Conclusion: In this exploratory SEM study physical and mental health were closely interrelated and associated with IBS symp-

tom severity at the correlational level, although direct paths in the SEM did not reach conventional statistical significance.
Physical activity was linked to physical health, suggesting a potential indirect pathway influence symptom severity. These find-
ings support a biopsychosocial perspective and highlight the need for integrated, personalized IBS management approaches,

while underscoring the important of larger, longitudinal studies to clarify causal pathways.

1 | Introduction

Irritable Bowel Syndrome (IBS) is a heterogeneous disorder
of gut-brain interaction (DGBI) diagnosed using the Rome
IV criteria [1]. It is characterized by abdominal pain or dis-
comfort and altered bowel habits [2] and frequently co-occurs
with psychiatric conditions such as anxiety and depression
[3]. Affecting ~3%-5% of the global population [4, 5], IBS rep-
resents a complex, multifactorial condition with an etiology
that remains poorly understood. This complexity has long
supported a biopsychosocial understanding of IBS [6, 7], em-
phasizing dynamic interactions between physiological pro-
cesses, psychological functioning and lifestyle, supporting an
integrative care approach.

As a chronic condition underpinned by interacting biological,
psychological and social factors, IBS care priorities have been
long guided towards integrative management models based on
this biopsychosocial framework, including interventions tar-
geting lifestyle changes, dietary modification and behavioral
factors [8-13]. Growing interest in the gut microbiome has
highlighted potential mechanisms linking lifestyle behaviors,
including physical activity to IBS symptom severity, with evi-
dence suggesting physical activity may relieve IBS symptoms
via modulation of the gut microbiome in IBS; however, these
mechanisms are beyond the primary scope of the present
study [14-19]. Consequently, treatment strategies increasingly
combine pharmacological and non-pharmacological interven-
tions, including dietary modification, psychological therapies,
and lifestyle changes [20, 21].

Central to this integrative perspective is the gut-brain axis (GBA),
a bidirectional network involving the enteric nervous system,
vagus nerve, and central nervous system, which plays a pivotal
role in IBS pathophysiology [22]. Psychological factors (stress, anx-
iety, and depression) can influence the GBA, potentially exacer-
bating IBS symptoms through changes in gastrointestinal motility,
visceral hypersensitivity, and immune function [23-25]. Anxiety
in particular is highly prevalent in IBS populations and has been
shown to independently contribute to symptom severity, often
co-occurring with depressive symptoms [26-29]. Taken together,
these findings within existing literature reinforce the rationale for
integrative interventions targeting both physiological and psycho-
logical dimensions of the disorder, with lifestyle behaviors such as
physical activity serving as interventions that simultaneously ad-
dress multiple domains of health.

Within this context, exercise has emerged as a valuable adjunct
therapy [21]. Physical activity, is defined as any bodily movement
produced by the skeletal muscles that results in energy expenditure
[30], and as a lifestyle intervention has gained increasing recogni-
tion for its capacity to improve both physical and mental health

outcomes in IBS patients [12, 21, 31]. However, the type, intensity
and tolerability of physical activity may be particularly relevant in
IBS populations for whom symptoms and psychological distress
can influence engagement in, and response to, exercise.

Despite the known benefits of physical activity [11-13, 31],
many IBS patients remain sedentary, often due to barriers such
as fatigue, symptom-related fear, uncertainty about suitable ex-
ercise, and limited awareness of its benefits [32-34]. Qualitative
studies reveal the nuanced and individualized nature of these
barriers and motivations. One study found that individuals
modify their physical activity in response to symptoms, life
situation, and self-image [34], while Groenendijk et al. [35]
highlighted that female IBS patients experienced both benefits
(e.g., symptom relief and improved wellbeing) and challenges
(e.g., embarrassment, anxiety, and symptom exacerbation) re-
lated to physical activity, depending on timing, type, and inten-
sity. Although physical activity is increasingly recognized as a
multi-domain intervention, the mechanisms through which it
influences IBS symptom burden remains incompletely under-
stood. Proposed pathways include modulation of the gut micro-
biome, enhanced psychological wellbeing and health-related
QoL [21] mediated by anxiety, depression and gut specific psy-
chological distress [36].

Together, these studies underscore the need for personalized
and flexible physical activity approaches alongside a greater un-
derstanding of the multifaceted role that physical activity can
play in supporting IBS management. The protective effects of
physical activity on mental health are well established [37-40].
A meta-analysis of 49 studies in 266,939 participants [41] re-
ported more physically active individuals to have a 17% reduced
risk of developing depression, irrespective of age or geographical
region. Importantly, the intensity of exercise plays a critical role
in mediating its antidepressant effects.

Structural Equation Modeling (SEM) provides a robust, theory-
driven framework to examine these relationships by simultane-
ously modeling direct and indirect pathways while accounting
for bidirectional and latent constructs representing broader
physical and mental health domains [36]. SEM research in IBS
demonstrates that the impact of IBS symptom severity on quality
of life (QoL) is mediated by gastrointestinal (GI)-specific anxi-
ety, depressive symptoms, and somatic symptom burden [36].
These findings support the rationale for targeting psychological
pathways in IBS treatment and position physical activity as a
multi-domain intervention, addressing both physical and mental
health outcomes.

Therefore, using SEM, the aim of this model-based study is to ex-
amine the complex interrelationships between physical health,
mental health, QoL, and symptom severity in individuals with
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Key Points

1.IBS symptom severity is not just about the gut, it is as-
sociated with both physical and mental health factors,
supporting a biopsychosocial perspective.

2.Staying active was linked to better physical function-
ing, while poorer physical health was correlated with
greater IBS severity.

3.Both physical health and mental health were strongly
interrelated and may represent important factors to
consider in IBS management.

IBS, within a biopsychosocial framework. Latent constructs of
mental health were derived from validated measures of anxiety,
depression, emotional wellbeing, social functioning and role
limitation due to emotional health, while physical health was
derived from physical activity, physical functioning, pain and
energy/fatigue. This model aimed to clarify how these physi-
cal and mental health domains contribute to variations in IBS
symptom severity, with the goal of informing personalized, in-
tegrative IBS care.

2 | Materials and Methods
2.1 | Study Design and Participants

This cross-sectional exploratory study investigated relation-
ships between physical activity, IBS symptoms and psychiatric
comorbidities in IBS patents. Patients were recruited from a
single outpatient clinic of a referral centre in Nottingham, UK
(Nottingham University Hospital NHS Trust). 106 adults with
a clinical diagnosis of IBS meeting the Rome IV criteria [1] and
knowledge of their IBS subtype based on stool consistency:
IBS-C, predominant constipation (>25% hard stools, <25%
loose stools), IBS-D predominant diarrhea (>25% loose stools,
<25% hard), IBS-M, for mixed symptoms (>25% of stools are
both hard and loose) and IBS-U for un-subtyped (insufficient
stool consistency to meet aforementioned criteria) volunteered
to participate in this study. Participants were excluded if they
had other known gastrointestinal conditions, such as inflam-
matory bowel disease (IBD), coeliac disease, Crohn's disease
or colorectal cancer. The sample size was determined prag-
matically based on recruitment feasibility within this special-
ist outpatient clinic, rather than by a priori power calculation,
accordingly analyses were conducted with an exploratory,
hypothesis-generating aim [1].

2.2 | Questionnaires

The IBS Severity Scoring System (IBS-SSS) was used to eval-
uate and quantify gastrointestinal symptom severity among
IBS patients [42]. This five-item measure assesses abdominal
pain intensity, abdominal pain frequency (calculated as the
number of days with pain in the past 10 days multiplied by 10),
bloating, dissatisfaction with bowel habits, and the impact of
symptoms on daily life. Each item is scored on a scale from 0

to 100, with higher scores indicating more severe symptoms.
The total score ranges from 0 to 500, with severity classified as
healthy (<75), mild (75-174), moderate (175-299) and severe
(>300).

The habitual level of physical activity for each patient was
measured using the validated and standardized self-report
Global Physical Activity Questionnaire (GPAQ) [43]. The
GPAQ, developed by the World Health Organization (WHO),
assessed physical activity across three domains: work, trans-
port and recreation. GPAQ reports the frequency and dura-
tion of moderate- and vigorous-intensity activities, in addition
to daily sedentary time. Data was processed using the WHO
scoring guideline to calculate total physical activity in MET-
minutes per week.

Generalized Anxiety Disorder (GAD-7) is a 7-item validated
screening questionnaire to measure clinical signs of gener-
alized anxiety disorder [44] over the previous 2-weeks. Each
item was rated on a four-point Likert scale (0=not at all to
3=nearly every day), with total scores ranging from 0 to 21.
Higher scores were indicative of greater anxiety severity, with
thresholds of 0-4 for no anxiety, 5-9 for mild anxiety, 10-14
for moderate anxiety, 15-19 for moderately severe anxiety,
and > 20 for severe anxiety. A score of >10 is commonly used
to identify clinically significant anxiety. For the Structural
Equation Modeling (SEM), scores were inverted so that higher
scores indicate lower anxiety, therefore better mental health,
consistent with the directionality of the other mental health
indicators.

Depressive symptoms were assessed using the validated 8-
item Patient Health Questionnaire (PHQ-8) [45]. Each item is
rated on a four-point Likert scale (0=not at all to 3 =nearly
every day), with total scores ranging from 0 to 24, with higher
score indicating greater severity of depressive symptoms.
Depression severity was classified as: None (0-4), Mild [5-9],
Moderate [10-14], Moderately Severe [15-19], and Severe
[20-24]. The validated cutoff for clinically significant depres-
sion is a PHQ-8 score > 10. For the SEM, scores were inverted
so that higher scores indicate lower depressive symptoms and
therefore better mental health.

Health related quality of life (HRQoL) was assessed using the
36-item Short Form Health Questionnaire (SF-36) [46], covering
nine domains: Physical Functioning (PF), Role Limitations due
to Physical Health (RL-PH), Role Limitations due to Emotional
Health (RL-EH), Energy/Fatigue (E/F), Emotional Well-Being
(EWB), Social Functioning (SF), Pain (P), General Health (GH),
and Health Change (HC). Scoring follows two steps: responses
are recoded using a predefined key, with scores ranging from 0
to 100, with higher scores indicating better health status. Then,
scores within each domain are averaged to calculate the final
subscale scores.

2.3 | Ethical Considerations
The study was approved on 01.03.2024 by the Health Research

Authority (HRA), ref. number 24/SC/0045, and adhered to
the ethical principles of the Helsinki declaration. Verbal and
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written informed consent were obtained from all participants
before any study procedures commenced. No monetary or other
incentives were provided for participation. Participants could
withdraw from the study at any time without providing reason
and without any repercussions. Confidentiality of participation
was maintained, with data access exclusively limited to the re-
search team members. Participants' personal identity was not
revealed during data collection, analysis, presentations, and
publications.

2.4 | Statistical Analysis

Data were analyzed using IBM SPSS (version 28) and IBM SPSS
AMOS (version 28). A Pearsons bivariate correlation was con-
ducted using IBM SPSS (version 28; IBM Corporation, Somers,
NY, USA) to examine the relationships between IBS symptom
severity, perceived mental health (anxiety and depression), QoL
and physical activity levels. A correlation matrix summarizes
the relationship (Table 3).

To further investigate these connections, Structural Equation
Modeling (SEM) was conducted using IBM SPSS AMOS (ver-
sion 28; IBM Corporation, Somers, NY, USA). A hypothesized
model was developed (Figure 1) based on established biopsycho-
social frameworks, prior SEM studies in IBS populations and
evidence linking physical activity, mental health and QoL to IBS
[6, 36, 47-49]. The model development was informed by both
the existing literature and clinical observations, iteratively re-
fined to reflect theoretically plausible relationships. The model

examined the relationships between physical activity, perceived
mental health, physical health, and IBS symptom severity. Two
latent variables were defined:

« Mental Health: Indicated by GAD-7 (anxiety), PHQ-8 (de-
pression), and relevant SF-36 domains (role limitations due
to emotional health and social functioning)

« Physical Health: Indicated by GPAQ (physical activity) and
relevant SF-36 domains (e.g., pain, physical functioning
and energy/fatigue). Physical activity was included as an
indicator of physical health to reflect functional capacity
and overall physical functioning, rather than behavior
alone.

Model fit was evaluated using standard indices: the Tucker-
Lewis Index (TLI), Comparative Fit Index (CFI), and Root Mean
Square Error of Approximation (RMSEA).

3 | Results
3.1 | Participant Characteristics

This study of included 106 participants (Female: 87, Male: 19)
and the distribution of subtypes was IBS-C (34%), IBS-D (28.3%),
and IBS-M (37.7%). IBS severity was categorized based on the IBS
Severity Scoring System (IBS-SSS), with patients classified as hav-
ing mild (7.5%), moderate (28.3%), or severe (64.2%) IBS. The mean
IBS-SSS score for participants was 333.3+89.4. Anthropometric
data and clinical information were collected (Table 1).

Depression Anxiety

Qol - Role
limitations due to
emotional health

QoL - Social
Functioning

QoL — Emotional
wellbeing

IBS Symptom
Severity

Mental Health

Physical Health

Physical activity Qol - Pain

QoL - Physical
Functioning

QoL - Energy and
Fatigue

FIGURE1 | Conceptual and Hypothesized Model (incl. all participants) of the associations between IBS symptom severity, physical health vari-

ables and mental health variables.
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TABLE1 | Demographic, clinical and lifestyle characteristics of 106
patients with IBS.

N=106 Total (Mean £ SD)
106

Age (year) 45+14

BMI 26.72£5.72

Duration of IBS (months) 95+112

Severity of IBS (0-500) 333+£89

Physical Activity Level (MET-min/ 3381.96 £4482.02

wKk)

Sedentary time/day (minutes) 430.71+220.59

Note: Scores are reported as mean + standard deviation.
Abbreviations: BMI, body mass index; MET, metabolic equivalent of task.

3.2 | Baseline Mental Health, Physical Activity
and Quality of Life Outcomes

Fifty-nine participants (55.7%) currently engaged in physical
activity, and a total of 90 participants (84.9%) expressed will-
ingness to engage in physical activity. Among those who were
physically active 0.9% exercised once per week, 17.0% twice per
week, 39.6% three times per week, and 42.5% four times or more
per week. Mean sedentary time was 432.31 +£220.15min per day.

Participants reported significant psychological burden. Mean
GAD-7 and PHQ-8 scores indicated mild anxiety (9.25+6.38)
and moderate depressive symptoms (11.11+7.06). Clinically
significant anxiety (GAD-7>10) was present in 42% percent of
participants (n =45), and 54% reported clinically significant de-
pression (PHQ-8>10; n=57).

HRQoL scores, (where higher scores denote better health
status), revealed notable impairments. While Physical
Functioning (60.38+30.68) and Emotional Well-being
(50.57 +25.00) showed relatively higher mean scores, substan-
tial deficits were evident in Energy/Fatigue (27.18 +22.91),
Role Limitations due to Physical Health (25.95+ 38.10), and
Pain (35.09+22.73). These observed HRQoL characteristics
were subsequently included in correlation analyses to inves-
tigate relationships with symptom severity and other study
variables, including physical activity levels, sedentary time,
anxiety and depression. Comprehensive descriptive statistics
for all QoL domains are provided in Table 2.

3.3 | Correlations Between Study Variables

Correlations between IBS symptom severity, physical and men-
tal health perceptions, QoL domains, physical activity levels,
and sedentary behavior were assessed using Pearson correlation
analysis. Several significant positive and negative correlations
were observed between IBS symptom severity and other vari-
ables. The strongest correlation was a moderate negative associ-
ation between IBS symptom severity and the QoL Pain domain
(r=-0.454, p<0.001; Table 3), indicating that greater symptom
severity was associated with increased pain and poorer QoL. IBS

TABLE 2 | Quality of Life (QoL) domains assessed in patients with
Irritable Bowel Syndrome, showing the average scores for each domain
measured using SF-36.

N=106 Total (Mean x SD)
QoL

Physical functioning (PF) 60.43+30.70
Role limitation due to physical 25.94+£38.10
health (RL-PH)

Role limitations due to emotional 38.99£39.70
health (RL-EH)

Energy/fatigue (E/F) 271842291
Emotional well-being (EWB) 50.57 +£25.00
Social functioning (SF) 47.05+£27.04
Pain (P) 35.09+22.73
General health (GH) 36.11+18.84
Health change (HC) 44.34+28.72

symptom severity also showed moderate negative correlations
with other HRQoL domains, including Physical Functioning
(r=-0.341, p<0.001; Table 3) and Energy/Fatigue (r=-0.329,
p<0.001; Table 3), suggesting that higher symptom burden was
linked to reduced physical and emotional wellbeing. Conversely,
IBS symptom severity showed positive correlations with both
anxiety (r=0.235, p<0.05; Table 3) and depression (r=0.240,
p <0.05; Table 3), reflecting the psychological impact of the con-
dition. Physical activity levels were positively correlated with
physical health domains and negatively correlated with IBS se-
verity (Table 3). Conversely, sedentary time was negatively cor-
related with several QoL domains, notably Physical Functioning
(r=-0.244, p<0.05), Role Limitations due to Physical Health
(r=-0.224, p<0.05), and Pain (r=-0.233, p<0.05). Sedentary
time also positively correlated with both anxiety (r=0.253,
p<0.01) and depression (r=0.276, p<0.01), indicating that in-
creased sedentary behavior was associated with higher levels of
these psychological distress measures, visually represented in
Figure 2. For full correlation results see Table 3.

3.4 | SEM Analysis

The overall model (Figure 2) explored the relationship between
latent variables; mental health and physical health and observed
variables. The model fit was assessed using the Tucker-Lewis
Index (TLI), Comparative Fit Index (CFI), and Root Mean
Square Error of Approximation (RMSEA). When all 106 partic-
ipants were included, the data demonstrated a good fit to the
proposed model: y? (33)=60.513, p=0.002, RMSEA =0.089,
CFI=0.932, TLI=0.907 [50].

3.5 | IBS Symptom Severity

There was no significant relationship between mental health
and IBS symptom severity (§=0.19, 95% CI [-2.224, 8.192],
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FIGURE2 | Final Path Model. Structural Equation Model (incl. all participants) showing the association between IBS symptom severity, physical
health variables and mental health variables. Standardized regression coefficients () are presented along each path, representing the strength and
direction of associations between variables. Black lines represent significant relationships (p <0.05), gray lines represent a non-significant relation-
ship (p>0.05) and dashed lines represent correlations between parameters in the same level. Error terms (e;—€;,) represent the proportion of variance

in each observed variable not explained by the model. *p <0.05; ***p <0.001.

p=0.261). Notably, this finding does not contradict the signifi-
cant bivariate correlations observed between IBS-SSS and both
anxiety and depression (Table 3), as SEM accounts for shared
variance across multiple indicators and estimates relationship
between latent constructs, resulting in a more conservative as-
sessment than simple correlations. Conversely, physical health
showed a large but non-significant association with IBS symp-
tom severity (8=-0.68, 95% CI [-0.126, 0.004], p=0.065), sug-
gesting that better physical health tended to be associated with
lower symptom severity. Although this relationship did not
reach conventional statistical significance, the magnitude and
direction of the standardized coefficient indicate a potentially
clinically relevant trend.

3.6 | Physical Health

Physical health was significantly predicted by bodily pain
(8=0.75, 95% CI [0.001, 0.033], p=0.039), physical functioning
(8=0.69, 95% CI [0.001, 0.041], p=0.040), energy and fatigue
(8=0.66, 95% CI [0.001, 0.029], p=0.041), and physical activity
(=0.22, p<0.001). These variables explained 5% of the vari-
ance in physical health (R?=0.05).

3.7 | Mental Health

Mental health was significantly predicted by anxiety (8=0.69,
95% CI [0.565, 0.945], p<0.001), role limitations due to emo-
tional health (8=0.60, 95% CI [2.839, 5.309], p<0.001), social
functioning (8=0.78, 95% CI [2.870, 4.406], p<0.001), emo-
tional well-being (8=0.83, 95% CI [2.877, 4.265], p<0.001), and
depression (8=0.86, p <0.001). These variables explained a 94%
proportion of the variance in mental health (R?=0.94).

3.8 | Correlation Between Mental Health

and Physical Health

There was a near-significant, strong positive correlation be-
tween mental health and physical health (r=0.72, 95% CI [5.848,
8295.268], p=0.050).

4 | Discussion

The aim of this study was to identify the factors influencing
IBS symptom severity in 106 clinically diagnosed IBS patients
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(mental health and physical health), and how these interact
with each other. Based on existing literature and previously
proposed connections our model hypothesized that better
physical and mental health correlates with reduced IBS symp-
tom severity.

Our SEM analysis provides valuable insights into the complex
interplay of these factors. Physical health demonstrated a nega-
tive latent path coefficient to IBS symptom severity, approaching
but not reaching conventional significance, while mental health
did not exhibit a statistically significant direct path, suggest-
ing its influence may be indirectly (mediated through physical
health) and/or distributed across specific psychological compo-
nents rather than captured as a single latent effect. Physical ac-
tivity significantly predicted physical health in our study. While
the path from physical health to IBS symptom severity did not
reach conventional significance, the observed large association
suggests that improvements in physical health could potentially
influence IBS symptom severity, consistent with existing litera-
ture [51, 52]. Additionally, the significant positive correlation be-
tween latent mental and physical health constructs underscores
their interrelated nature, with potential implications for clinical
interventions.

4.1 | Physical Health

The negative relationship between the latent physical health
and observed IBS symptom severity suggests the clinical im-
portance of physical functioning and activity in this popula-
tion, supporting the hypothesized model (Figure 1). Although
the standardized regression weight for physical health was
relatively large, the association with IBS symptom severity
marginally exceeded 0.05 and should therefore be interpreted
cautiously. Previous research has reported that improved
physical health, especially through structured exercise, cor-
relates with lower IBS symptom severity and improved QoL
[11-13, 34, 53-55], however, the present findings do not pro-
vide definitive evidence of this relationship. Clinicians may
consider assessing physical health routinely in patients with
moderate-to-severe IBS, including evaluating bodily pain, en-
ergy levels, and functional limitations as these factors can di-
rectly impact symptom burden and QoL [56]. Thus, supporting
physical health and activity promotion as key adjuncts in IBS
management.

Within our SEM framework, physical health was modeled as a
second-order latent construct, significantly predicted by pain,
physical functioning, energy/fatigue, and physical activity.
All of which are commonly disrupted in individuals with IBS,
and may not only reflect the consequence of symptom burden
but also act as upstream modulators of disorder experience.
Assessment for overlapping DGBISs or central sensitisation con-
ditions such as fibromyalgia may be particularly relevant in pa-
tients with high pain scores, as these comorbidities frequently
co-occur with moderate-to-severe IBS and contribute to worse
QoL [57, 58].

Mechanistically individuals reporting lower fatigue and
greater physical functioning are more likely to sustain
symptom-management behaviors such as dietary adherence,

physical activity and stress regulation, factors which are
documented to reduce IBS symptoms, modulate gastrointes-
tinal symptoms and improve QoL [13, 31, 59]. Conversely,
impaired physical health may restrict engagement in these
self-management behaviors and increase sedentary time, per-
petuating a self-reinforcing cycle of symptom amplification
and decreased QoL (Figure 2). The interplay between these ob-
served variables (physical activity, pain, energy/fatigue, phys-
ical functioning) may involve complex interactions between
dysregulated neuroimmune pathways (altered bi-directional
communication between the brain and gastrointestinal tract),
altered visceral nociception (hypersensitivity) and impaired
autonomic nervous system (ANS) function contributing to al-
tered gastrointestinal motility, all recognized contributors to
IBS pathophysiology [60].

4.2 | Mental Health

Although the direct latent path from mental health to IBS
symptom severity was non-significant in our SEM model, the
strong covariance between physical and mental health latent
constructs supports the well-established link between these do-
mains [61]. Anxiety and depression were retained as separate
observed indicators within the latent mental health construct
to reflect their distinct clinical presentations and measurement
instruments (GAD-7 and PHQ-8), while allowing shared vari-
ance to be captured. As reported in the results, IBS-SSS was
positively correlated with both anxiety and depression (Table 3),
consistent with prior literature [27, 29, 62]. This demonstrates
that higher psychological distress is associated with greater
symptom burden. The discrepancy between these bivariate
correlations and the SEM path likely reflects the conservative
nature of latent variable modeling, which accounts for shared
variance among multiple indicators, as well as limited statistical
power in our sample. Mental health was robustly predicted by
anxiety, depression, emotional well-being, social functioning,
and role limitations due to emotional health, explaining 94% of
variance in the latent mental health factor. While mental health
did not directly predict symptom severity in this model, it likely
exerts indirect influence via its interaction with physical health,
through mechanisms such as fatigue, behavioral avoidance, and
symptom sensitivity. Clinically, these findings underscore the
importance of addressing both anxiety and depression in IBS
care, not only for mental well-being but also for its potential
downstream effects on physical health and symptom severity.

These findings align with Engel's biopsychosocial model [63];
whereby psychological and behavioral factors interact to shape
health outcomes [7]. For example, psychological distress may
impact IBS symptom severity indirectly by influencing fatigue,
behavioral avoidance, symptom sensitivity, and motivational fac-
tors. Clinically, over half the cohort reported moderate-to-severe
depressive symptoms (54%) and clinically significant anxiety
(42%), consistent with previous estimates of high psychological
comorbidity in IBS populations [64, 65]. Furthermore, sedentary
time correlated positively with both anxiety and depression,
suggesting that inactivity may both result from and exacerbate
psychological distress. These bidirectional relationships reflect
complex GBA interactions where psychological comorbidity
modulates symptom perception and coping behaviors [66].
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4.3 | Integration and Mechanistic Implications

The SEM results infer that mental health's influence on IBS
symptoms operates predominantly through its association with
physical health, suggesting that physical health acts as a proxi-
mal mediator translating psychological distress into symptom-
atic expression, reinforcing the need for integrated therapeutic
approaches addressing both mental and physical symptomology
in IBS. The observed correlations between physical and men-
tal health (Figure 2) emphasize their mutual reinforcement and
the potential for reciprocal intervention targets. Overall, these
findings highlight actionable “take-away” points for clinicians
to assess both mental and physical health dimensions, identify-
ing high-pain or fatigued patients and considering overlapping
DGBIs [57] or central sensitisation symptoms can guide integra-
tive care strategies.

Mental health findings should also inform practice; higher anxi-
ety and depression scores were associated with greater symptom
burden, and given the bidirectional relationships between men-
tal health, physical functioning, and activity, interventions tar-
geting psychological distress alongside physical rehabilitation
or exercise may optimize outcomes in moderate-to-severe IBS
patients. Overall, these relationships with IBS symptom severity
are consistent with previous research, supporting the validity of
the observed trends despite non-significant SEM paths.

4.4 | Strengths and Limitations

This study's strengths include the application of SEM to model
latent constructs, allowing for a more complex understanding
of how multiple interrelated domains contribute to multifacto-
rial conditions like IBS. The use of a clinically diagnosed cohort
conforming to Rome IV criteria and the consistent application of
validated questionnaires for all measured constructs enhances
the internal validity of our findings by reducing diagnostic mis-
classification which can occur with self-reported IBS in the
general population. However, this recruitment approach also
limited access to individuals with milder symptom profiles, re-
sulting in an overrepresentation of moderate-to-severe IBS and
potentially limiting generalisability to milder IBS cases.

However, several limitations should be acknowledged. The
cross-sectional design limits the ability to determine causality;
therefore, longitudinal research is needed to establish direc-
tionality. Additionally, the reliance on self-reported measures,
particularly for physical activity and sedentary behavior, may
introduce measurement bias, including inaccuracies related to
recall and the influence of social desirability. Specifically, while
physical activity (METS) predicted physical health in our model,
the study was not designed or powered to identify specific MET
thresholds associated with higher IBS symptom severity; thus,
future studies with larger samples are needed to explore the
dose-response relationships between physical activity and IBS-
SSS, incorporating objective assessment methods, such as accel-
erometry to enhance data validity.

Although the sample size (N=106) supported adequate model
fit, certain paths such as physical health to IBS-SSS, approached
but did not reach statistical significance, indicating that larger

samples may yield greater power. Additionally, IBS is a highly
heterogenous disorder and while SEM provides a robust frame-
work for modeling complex interrelationships, it may be limited
in its ability to capture subtype-specific or individual-level path-
ways in smaller samples. Larger cohorts may permit stratified
analyses by IBS subtype (e.g., IBS-D, IBS-C, IBS-M), allowing
exploration of potential subtype-specific pathways. Accordingly,
the findings should be interpreted as exploratory and hypothesis-
generating rather than confirmatory. Additionally, health-
related QoL measures such as the SF-36 may be influenced by
comorbid conditions common in chronic conditions and IBS
populations, which could confound interpretations of physical
health perception and may factors beyond the primary diagnosis
rather than IBS-specific impairment. Finally, the single-center
recruitment and the predominantly female cohort limit the gen-
eralisability of these findings to broader and more diverse IBS
populations, including males and those in different healthcare
settings.

4.5 | Clinical Implications

Despite these limitations, our findings offer important clinical
implications. The association between physical health and IBS
symptom severity, coupled with the link between mental and
physical health, strongly supports advocating for multi-modal
and comprehensive IBS management. For example, physical ac-
tivity may be considered not just as general health advice, but
as a potential therapeutic adjunct for IBS. Given the high preva-
lence of psychological distress and its association with sedentary
behavior and various QoL domains, routine screening for anxi-
ety and depression, along with integrated psychological support,
remains paramount in IBS care. A rounded, patient-centered
approach that actively addresses and integrates both physical
activity and mental well-being is crucial for optimizing overall
QoL and potentially alleviating symptom burden in IBS.

4.6 | Future Research Directions

Future research should build upon these findings by employing
longitudinal designs to definitively establish the directionality
and causality of the observed relationships. Intervention stud-
ies specifically designed to increase physical activity and reduce
sedentary time in IBS patients are crucial to evaluate their direct
impact on IBS symptom severity, mental health, and QoL. Such
studies could also explore the specific types, intensities, and du-
rations of physical activity most beneficial for this population.
Further investigation into potential mediating variables that
link psychological factors and physical health to IBS outcomes
could provide a deeper understanding of the complex under-
lying mechanisms, including specific GBA pathways. Finally,
replicating these findings in larger, more diverse cohorts would
strengthen the generalisability of the results and illuminate any
subgroup-specific considerations.

5 | Conclusions

Using Structural Equation Modeling, this study suggests that bet-
ter physical health is associated with lower IBS symptom severity.
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Physical health, characterized by pain levels, physical function-
ing, energy/fatigue, and physical activity, serves as a critical me-
diator in symptom expression. In contrast, mental health, though
strongly correlated with physical health, did not directly predict
IBS symptom severity in this model. Instead, mental health may
influence symptoms indirectly via its impact on physical health
behaviors, such as activity engagement, fatigue perception, and
motivation for symptom management. This suggests that mental
health impacts IBS indirectly through behavioral and physiolog-
ical pathways, thus underscoring the need for integrated care
that addresses both physical and mental health concurrently in
IBS, alongside conventional pharmacological interventions. This
multifaceted approach is crucial to improve symptom control,
improve QoL, and break the cyclical interaction between mental
health and physical health and symptom exacerbation in IBS.

Future longitudinal studies and targeted interventions are es-
sential to establish causal pathways, determine optimal physical
activity prescriptions, and develop tailored therapies that con-
sider sex differences and IBS subtypes to comprehensively ad-
dress the complex biopsychosocial mechanisms underlying IBS.
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