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Background: Functional dyspepsia (FD) is a common gastrointestinal (Gl)
disorder which significantly impacts quality of life and subjective well-being
(SWB). Psychosocial factors have been linked to FD symptoms, which places this
disorder among the “disorders of gut-brain interaction.” Recent studies suggest
notable sex differences in symptom expression and the level of disruption of
daily activities. This study aims to explore the impact of sex on associations
between psychological factors and SWB in individuals with FD.

Methods: The study included 191 adults referred to their first endoscopic
examination of the upper Gl tract due to dyspeptic symptoms. Patients completed
validated measures assessing Gl symptoms, Gl and extra-GlI comorbidities,
health-related habits, psychological traits (somatization, stress resilience),
and indicators of SWB (life satisfaction, positive and negative experiences).
Multiple regression and hierarchical block regression analyses were conducted
to identify predictors of SWB and to examine the potential moderating role of
sex and psychological factors. Subsequently, path analysis was conducted to
explore potential causal pathways among sex, psychological variables and SWB.
Results: Participants displayed relatively homogeneous characteristics
according to sex. Two main subgroups were identified: a larger group of
highly educated, working-age individuals and a smaller group of older adults
(>60 years) with higher comorbidity levels. Psychological factors, stress
resilience and somatization emerged as the strongest predictors of SWB, while
health and lifestyle factors had modest effects. Sex was identified as a significant
determinant of SWB in the complex hierarchical model, but only after controlling
for somatization and stress-resilience. The path model indicated that other sex-
related factors may also influence SWB.

Conclusion: Results pointed toward the need to involve psychological
constructs like somatization and stress resilience in studies examining SWB in
individuals with FD. The importance was highlighted of examining the gender-
related (socially conditioned) factors associated with SWB, and the need to
separately assess these factors in older and younger individuals with FD (<60,
>60). The study revealed a complex interactive network between age, gender,
and SWB-related factors, supporting the biopsychosocial model of FD. However,
identifying a suitable methodological framework to elucidate these complex
relationships remains a challenge.
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1 Introduction

Functional dyspepsia (FD) is a common gastrointestinal (GI)
disorder in adult population (1). The recently published meta-analysis,
based on Rome IV (the last update of the Rome criteria), mentioned
the pooled prevalence of 6.8% (95% CI 5.8-7.9). It was higher in
developing than developed countries, and in women compared to
men (2). In spite of its high prevalence, this disorder is difficult to
accurately diagnose, since specific biomarkers and an optimal
diagnostic workup are missing (3). Diagnosis is based on symptom
clustering, which is an uncertain approach (4). The only way to rule
out organic causes of dyspepsia is by performing upper endoscopy.
However, it is not a feasible method, since the prevalence of clinically
significant endoscopic findings is low. Based on data from systematic
reviews and meta-analyses, FD accounts for 70-80% of individuals
with chronic dyspepsia (5, 6).

This disorder can also be registered in children over eight years of
age and adolescents, as a part of the spectrum of functional GI
disorders (7). Clinical recognition is more difficult than in the adults
due to the heterogeneity and overlap of symptoms. Pathophysiology
is less understood, since scientific evidence is less accessible.

According to Rome IV, the diagnosis of FD is based on the
presence of at least one of four bothersome symptoms: postprandial
fullness, early satiation, epigastric pain, and epigastric burning, in
the absence of organic disease confirmed through endoscopic
evaluation (8). These symptoms are divided into two main FD
subtypes: postprandial distress syndrome (PDS), which is linked to
meal intake, and epigastric pain syndrome (EPS), which occurs
independently of meals. The mixed type shows features of both
subtypes (4, 9). Recognizing these symptoms requires an accurate
understanding of symptom descriptors by the patient. Another fact
that makes diagnosis of FD difficult is that dyspeptic symptoms
often coexist with other, less specific GI symptoms, such as bloating
in the upper abdomen, nausea, and belching. Heartburn - a typical
reflux symptom, also often coexists with dyspeptic symptoms. FD is
one of the most common of “Disorders of the Gut-Brain
Interaction,” previously known as functional gastrointestinal (GI)
disorders (9, 10). FD often overlaps with some of these disorders;
especially common is a coexistence of FD with Irritable bowel
syndrome (IBS).

The concept of the Gut-Brain Interaction in the development of
functional GI disorders has evolved from the growing evidence
indicating that symptom features in these disorders are determined by
the multiple pathophysiological processes. These processes include
abnormal gut motility, visceral hypersensitivity, mucosal immune
dysregulation, alterations of gut microbiome content and
dysregulation of the central nervous system (CNS) signal processing
(9). The system view of these disorders led to the model that considers
a bidirectional communication between the gut and the brain, based
on the mentioned processes, by which these organs regulate the
functions of each other (11, 12) (Figure 1). This model aligns with the
observation that functional GI disorders are often linked with mental
health issues and chronic pain (10).
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Due to its high prevalence, uncertainties in diagnosis, and a lack
of efficient treatments, FD is considered a major public health concern
(3, 5, 10). This disorder also significantly impairs quality of life (QL)
and subjective well-being (SWB), even more than it is in dyspepsia
caused by organic GI diseases (5). It is considered that identifying risk
factors and linking them to pathophysiological mechanisms will allow
improvements in the diagnosis and treatment of this disorder,
providing a framework for its understanding from a biopsychosocial
perspective (13).

Multiple risk factors for chronic dyspepsia have been identified in
early population studies, before application of ROME III and IV
criteria. These include psychosocial factors such as anxiety, depression,
lower socioeconomic status and education, altered stress sensitivity or
lack of emotional support, and unhealthy behaviors, such as smoking
and excessive alcohol consumption (14, 15). Nonsteroidal anti-
inflammatory drugs (NSAIDs) and Helicobacter pylori (HP) infection
have also been mentioned as contributing factors, but with a
moderate effect.

A similar spectrum of factors has been identified in relation to FD,
with psychosocial factors being given a dominant role in the onset and
modification of FD symptoms (5, 8). Also more recent population
studies, based on the application of ROME III and IV criteria, as well
as some well-controlled cohort studies of individuals with FD referred
to specialist gastroenterologists, in which the diagnosis of FD was
confirmed by endoscopic examination, showed that in people with FD
there is a higher prevalence of psychological disorders, compared to
both the general population and people with organic diseases of the
GI system, including disorders such as anxiety, depression,
psychological distress, sleep disorders, hostility and alexithymia. The
presence of these disorders significantly influences their QL (16-19).
In prospective follow-up, lower levels of anxiety and sleep disturbances
were shown to predict better clinical outcomes in these
individuals (20).

In some studies, irregular mealtimes and frying as a method of
food preparation, highly spicy food, as well as some specific food
ingredients were mentioned as factors associated with FD (21).
However, the possible causal relationship of dietary factors with the
onset or maintenance of FD symptoms is poorly scientifically based.
In a recent large world-wide study encompassing low- and middle-
income countries, modifying factors associated with FD were
identified as: higher stress, chronic fatigue, smoking, deviations from
normal BMI values (decreased or increased), too few or too many
hours of sleep, and previous Covid-19 infection, while older age,
female sex and the presence of chronic diseases were identified as
non-modifying factors (22).

Most of these studies were observational and often poorly
controlled, which makes difficult to draw conclusions from them
about a possible causal association of significant factors with FD. In
order to make easier to clinicians to manage FD in clinical practice,
United European Gastroenterology (UEG) and European Society
for Neurogastroenterology and Motility (ESNM) issued a
consensus paper in 2020, based on grading the available evidence
and voting upon a list of statements by the expert group (23). Of
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The gut-brain interaction model. The communication channels between the gut and the brain include soluble components, such as hormones,
cytokines, neurotransmitters, and metabolites, as well as the wired components, such as the autonomic nervous system (ANS) and the enteric nervous
system (ENS). Through this communication network, gut-related signals, in particular of immune and microbiome origins, can communicate with the
brain and influence mental health and behavior. And vice versa, altered brain circuits, either directly, through the Hypothalamic—Pituitary—Adrenal
(HPA) stress axis, or indirectly, by changes in behavioral patterns, may influence gut motility, visceral sensitivity, mucosal permeability and immune
function, and the composition of gut microbiome. Anxiety associated with an exposure to chronic stress, as well as Gl symptom-specific anxiety, can
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risk factors for FD, for which consensus was achieved, there were
only female sex, acute GI infections, and anxiety. The risk factors
for which consensus was not achieved, like age at which there is a
peak incidence of FD, NSAID use, antibiotic therapy, depression,
and smoking, were qualified as areas in need of future research. It
is also stated in this report that in individuals with FD and normal
macroscopic findings at endoscopy, testing on HP infection, and
treating with eradication therapy those with a positive test result is
necessary to rule out cases of HP-associated dyspepsia, and to
confirm the diagnosis of FD.

This consensus report showed that anxiety is consistently
supported by a number of cross-sectional and population-based
studies as associated with FD in. In longitudinal studies, anxiety was
shown to precede dyspeptic symptoms, thus predisposing to the onset
of FD (24). Moreover, in a conveniently planned longitudinal study,
Koloski et al. showed that a coexistence of anxiety and FD may start
so that dyspeptic symptoms precede anxiety or that anxiety precedes
dyspeptic symptoms, thus providing a support to the concept of
gut-brain interaction (25). There are also evidence supporting a view
that childhood trauma and early life experience can initiate a cycle of
interfering between mood disorders and GI symptoms later in
adulthood, with the modulating effect of anxiety trait, fitting tightly
into the context of the biopsychosocial model of GI disorders (13, 26)
(Figure 1).
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In this context, individuals with FD were found to exhibit
increased stress levels, which correlates with symptom severity (27).
They have also been observed to have an above-average tendency for
somatization (28). Somatization is manifestation of physical symptoms
in those experiencing psychological distress. In individuals with FD,
somatization was found to correlate more strongly with dyspeptic
symptom severity than objective measures of gastric function (29, 30).
Apart of the reaction to stress, GI-specific anxiety, reflecting how
much fear and worry about GI symptoms an individual express, can
amplify somatization and thus, also, symptom severity (31). Symptom-
specific anxiety has been identified as a key mechanism in maintaining
disorders of gut-brain interactions, operating through mental
mechanisms such as cibophobia (fear of some kind of food), symptom
hypervigilance (excessive focusing on symptoms) and symptom
catastrophization (perception that symptoms are worse than they are)
(32) (Figure 1).

Taken together, the impact of psychosocial factors on dyspepsia-
related symptoms may manifest through variations of how
environmental exposures affect the GI tract or in one’s perception of
symptoms (33). In addition, psychosocial factors can negatively affect
SWB, which may lead to unhealthy coping habits (14). A key element
in these complex interactions is the alteration in the activity of the
Hypothalamic-Pituitary-Adrenal (HPA) stress axis and autonomic
nervous system (ANS), which enhances bidirectional communication
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between the brain and the gut through neurological, endocrine, and
immunological pathways (29) (Figure 1).

Recent studies have shown notable differences in how men and
women with FD experience symptoms and manage daily activities.
Women often face more disruptions and exhibit more somatization
and EPS symptoms compared to men (19, 34). There is an increasing
interest in research on sex- and gender-related differences in factors
associated with FD, and other disorders of gut-brain interaction, in
general (6, 35-37). These differences can be biological, such as how
sex hormones influence GI organs and brain function, or stem from
social and behavioral norms that differ between men and women,
which is termed sex-related differences (35, 38). For example, studies
indicate that women tend to react more intensely to stressful
situations than men, likely due to differences in their neuroendocrine
stress response (39, 40). However, sociocultural and gender-based
factors also contribute to stress response differences between sexes
(41). These variations may result from differences in exposure to
stressors and how individuals cognitively appraise and emotionally
or behaviorally cope with stress (42-44). Recent research
distinguishes between susceptibility to stressors and vulnerability to
coping strategies, providing insight into the disparities in health
outcomes between men and women (45-47). For instance, women
are more likely to use emotion-focused coping styles and experience
depressive reactions more often than men (41, 48, 49).

In fact, the response to chronic stress results from a complex
interaction of biological and psychosocial factors, especially those
related to gender (50). Various sociodemographic factors, such as age,
sex, gender, socioeconomic status, education level, and lifestyles,
influence how individuals respond to stress and contribute to health
disparities based on gender (51). Moreover, research has
demonstrated that sociodemographic variables can affect a person’s
vulnerability to unhealthy lifestyles and environmental risk factors,
helping to explain the pathway from these risks to the development
of disease (52).

Although risk factors for chronic dyspepsia and FD have already
been defined, the impact of sex on the relationship between certain
factors and reduced life satisfaction and functional efficacy,
measured by SWB, in individuals with FD has not yet been explored.
This study aims to address that gap. A better understanding of these
relationships would enhance our comprehension of the heterogeneity
of FD and guide therapeutic approaches, which may differ for men
and women.

2 Methods
2.1 Study design

This is a clinical study with a cross-sectional design, conducted
and reported in accordance with the STROBE guidelines (53). The
research took place in the broader area of Mostar, Bosnia and
Herzegovina, and lasted over two years, from 2022 to 2024. In this
area, Croatian is an official language.

The study included 191 participants (M: W = 40%:60%) with a
median age of 42 (M = 43, W = 41). The obtained sample size was
greater than the sample size estimated by the power analysis, ensuring
adequate statistical power for the analyses. The distribution of
participants according to sex allowed for examination of the effect of
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sex on associations of selected variables with the outcome measures.
Power analyses were conducted in R.

2.2 Participants

The study involved adults aged 18 and older referred for their first
endoscopic examination of the upper GI tract due to dyspeptic
symptoms. They were all informed about the purpose of the study.
Those who agreed to participate and signed the informed consent
form were interviewed before undergoing an endoscopic
examination. Only those with negative endoscopic results were
included in the study (Figure 2).

Exclusion criteria were psychological or cognitive disorders that
hinder communication, poor overall health, previous GI surgeries,
inflammatory or autoimmune intestinal diseases, pancreatic
disorders, severe liver conditions, or unrelated malignant diseases.
Participants with confirmed cholelithiasis or related symptoms, those
diagnosed with IBS, and individuals with heartburn who also showed
FD symptoms but had a negative endoscopic exam were included.
These selection rules follow the recommendations of the Rome IV
criteria (8).

The data on testing of HP infection were obtained from
participants. In the area of research (the canton in Bosnia and
Herzegovina where Croats live), medical doctors use the Croatian
national guidelines for diagnostics and treatments of HP infection
(54). The “test-and-treat” strategy is recommended for individuals
under 50 years of age with dyspeptic symptoms of a longer duration,
and an endoscopic examination for those older than that age and
those with new onset of alarm symptoms, irrespective of age. These
recommendations rely on the guidelines of the Maastricht IV/
Florence Consensus Conference for populations with a prevalence of
HP infection over 20%, and recommendations from the last
Consensus Conference (Maastricht VI) did not change in this regard
(55, 56).

According to the principal researcher’s experience, individuals
under 50 years of age with dyspeptic symptoms who were referred by
their family doctors for an endoscopic examination already had
results of the non-invasive stool antigen test (SAT). For those in
whom SAT was positive, a family doctor performed eradication.
Individuals who felt better after eradication did not come to the
gastroenterologist for an endoscopic examination, only those with
persistent symptoms did.

A subsequent analysis of the research data showed that the
number of participants who had taken SAT before the endoscopic
examination was 116 (60.7% of a total number of participants)
(Table 1). Of them, 29 individuals (25%) had confirmed HP infection
and received eradication therapy, but did not respond, so that they
have been referred to the gastroenterologist. The data on whether
post-eradication SAT was performed by family doctors were not
available. The number of participants who have not taken SAT before
their referral to the gastroenterologist was 75. They were mostly those
older than 50.

Biopsies were not taken from respondents during the endoscopic
examination, unless in case of the pathologic macroscopic findings
(and these individuals were excluded from the study) (Figure 2). This
approach was based on cost-benefit considerations. To participants
without SAT at the endoscopy, a gastroenterologist recommended to
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take that test and to show him a result at the follow-up examination,
bearing in mind that in older individuals this test may be of
diminished sensitivity (57).

A number of participants who had not taken the SAT before
endoscopy was 75. Since invasive testing for HP infection has not been
planned in participants with negative endoscopic findings, we tried to
estimate the potential number of those who might have HP-associated
dyspepsia, and who could, accordingly, be wrongly classified as
FD. For this purpose, we used the data on the prevalence of HP
infection from the large Croatian study performed on dyspeptic
patients undergoing routine endoscopy and by using histological and
immunohistochemical diagnostic methods (58). The prevalence of HP
infection in this study was determined to be 41%. When we applied
this percentage on the number of 75 participants, corrected for the
expected percentage of those who might be responsive to eradication
therapy, which according to the evidence amounts about 10%, we have
come to the number of maximally 3 individuals who potentially would
not be accurately classified as to have FD (56). We considered this
number not relevant for the study results.

2.3 Ethical statement

The study complied with the World Medical Association
Declaration of Helsinki 2013. It was approved by the Ethics Committee
of the University Clinical Hospital Mostar (No. 1190/22) and the
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Faculty of Medicine, the Josip Juraj Strossmayer University of Osijek
(No. 641-01/18-01/01).

2.4 Data

This manuscript represents a part of a larger investigation into the
psychosocial factors associated with FD, with an emphasis on a sex
difference. It included a self-reported questionnaire and standardized
psychological tests placed online via Google. A gastroenterologist
conducted the interviews and recorded the responses.

The questionnaire contained data on dyspeptic and other GI
symptoms, GI and extra-GI comorbidities, lifestyles and health-
related habits (including medications affecting GI and mental
functions), and sociodemographic characteristics (Tables 1, 2).
Subgroup differences according to age (<60, >60) in some relevant
variables are presented in Tables 3, 4.

We measured an intensity of dyspeptic symptoms using a 5-point
Likert Scale. Although validated questionnaires for dyspepsia severity,
such as the Patient Assessment of Gastrointestinal Disorders-
Symptom Severity Index (PAGI-SYM) and the Leuven Postprandial
Distress Scale (LPDS), are available, we decided not to use them, for
several reasons.

For example, PAGI-SYM is a 20-item questionnaire with six
subscales and is rather long for the already complex design of this
study (59). In addition, it contains a mix of GI symptoms, including
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TABLE 1 FD-related symptoms, other Gl symptoms, Gl and other comorbidities.

10.3389/fmed.2026.1728748

Variable Men (N = 76) Women (N = 115) Total (N =191) p (Sex differences)
FD Subtype >0.05

EPS 8(10.5%) 19 (16.5%) 27 (14.1%)

PDS 43 (56.6%) 67 (58.3%) 110 (57.6%)

Mixed 25(32.9%) 29 (25.2%) 54 (28.3%)
FD symptoms presentation
Symptom intensity (Likert scale 1-5; M + SD) 2.38+0.89 2.51 £ 1.00 2.46 +0.96 >0.05
Symptom frequency >0.05

Every day 14 (18.4%) 24 (20.9%) 38 (19.9%)

Several times a week, not daily 33 (43.4%) 45 (39.1%) 78 (40.8%)

Once a week 16 (21.1%) 16 (13.9%) 32 (16.8%)

2-3 times a month 8 (10.5%) 19 (16.5%) 27 (14.1%)

Once a month 5(6.6%) 11 (9.6%) 16 (8.4%)
Symptom duration <0.05

3-6 months 17 (22.4%) 46 (40.0%) 63 (33.0%)

6 months to 1 year 27 (35.5%) 31 (27.0%) 58 (30.4%)

1-3 years 21 (27.6%) 25 (21.7%) 46 (24.1%)

3-5 years 5(6.6%) 4(3.5%) 9 (4.7%)

More than 5 years 6 (7.9%) 9 (7.8%) 15 (7.9%)
Alarm symptoms (most common: unexpected weight >0.05
loss, family history of upper GI cancer)

Present 27 (35.5%) 32 (27.8%) 59 (30.9%)

One 18 (23.7%) 21 (18.3%) 39 (20.4%)

Two and more 9 (11.8%) 11 (9.5%) 20 (10.5%)
Other GI symptoms (most common: belching, bloating/ >0.05
digestive issues)

Present 66 (86.8%) 98 (85.2%) 164 (85.9%)

One 12 (15.8%) 13 (11.3%) 25 (13.1%)

Two and more 54 (71.0%) 85 (73.9%) 139 (72.8%)
Other GI diseases (most common: IBS, Cholelithiasis) > 0.05

Present 27 (35.5%) 29 (25.7%) 56 (29.6%)
IBS 18 (23.7%) 18 (15.9%) 36 (19.0%) >0.05
H. pylori infection >0.05

Total number of participants tested 42 (55.3%) 74 (64.3%) 116 (60.7%)

Total number of those with positive test results and 10 (13.2%) 19 (16.5%) 29 (15.2%)

who received an eradication therapy
Number of somatic and neurological comorbidities >0.05

0 34 (44.7%) 53 (46.1%) 87 (45.5%)

1 25 (32.9%) 38 (33.0%) 63 (33.0%)

Two and more than two 17 (22.4%) 24 (20.9%) 41 (21.5%)
Hypertension 21 (27.6%) 28 (24.3%) 49 (25.7%) >0.05
Allergic rhinitis/asthma 19 (25.0%) 17 (14.8%) 36 (18.8%) > 0.05
Autoimmune thyroid disease 1(1.3%) 17 (14.8%) 18 (9.4%) <0.01
Urticaria/eczema tendency 6 (7.9%) 12 (10.4%) 18 (9.4%) > 0.05
Psychiatric disorders present (most common: anxiety) 24 (31.6%) 38 (33.0%) 62 (32.5%) >0.05
Anxiety 19 (25.0%) 32 (27.8%) 51 (26.7%) >0.05
Family history of mental illnesses 1(1.3%) 1(0.9%) 2 (1.0%) > 0.05
Psychological problems in early childhood or 1(1.3%) 5 (4.3%) 6(3.1%) >0.05
adolescence present
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TABLE 2 Socio-demographic data (n = 191).

Variable Total p (Sex

(N =191) differences)

Sociodemographic data

Age (M £ SD) 45.6 (12.5) 43.4 (14.6) 44.3 (13.8) >0.05
Level of education (“more than 12 years” 50 (65.8%) 82 (71.3%) 132 (69.1%) >0.05
Employment status (“employed”) 54 (71.1%) 76 (66.1%) 130 (68.1%) >0.05
Occupation (among the employed) <0.01

Office-related jobs 36 (62.1%) 55 (56.1%) 91 (58.3%)

In services and crafts 9 (15.5%) 16 (16.3%) 25 (16.0%)

Homemaker or domestic work 1(1.7%) 20 (20.4%) 21 (13.5%)

Manual work 11 (19.0%) 7 (7.1%) 18 (11.5%)

Agriculture 1(1.7%) 0 (0.0%) 1 (0.6%)
Marital status >0.05

In marital union 50 (65.8%) 69 (61.1%) 119 (63.0%)

Single 16 (21.1%) 32 (28.3%) 48 (25.4%)

Divorced 5 (6.6%) 4(3.5%) 9 (4.8%)

Widowed 5 (6.6%) 8(7.1%) 13 (6.9%)
Children YES 55 (72.4%) 71 (61.7%) 126 (66.0%) >0.05
Work-related stress conditions present (most common: constant communication 58 (76.3%) 76 (67.3%) 134 (70.9%) >0.05
with people)
Conflicted family relationships YES 14 (18.4%) 9 (8.0%) 23 (12.2%) <0.05
Conflicted work/close-contact relationships YES 13 (17.1%) 12 (10.6%) 25 (13.2%) > 0.05
Other adverse life circumstances present (most common for men: debt; for 29 (38.2%) 28 (24.8%) 57 (30.2%) <0.05

women: illness or unemployment of household member)

Stressful events in past 6-12 months (number of stressful events) >0.05
0 43 (56.6%) 58 (50.4%) 101 (52.9%)
1 25 (32.9%) 50 (43.5%) 75 (39.3%)
2 8(10.5%) 7 (6.1%) 15 (7.9%)

Lifestyles and health-related habits

Smoking <0.001
Current smokers 42 (55.3%) 33 (28.7%) 75 (39.3%)
Former smoker 15 (19.7%) 22 (19.1%) 37 (19.4%)
Non-smoker 19 (25.0%) 60 (52.2%) 79 (41.4%)
Alcohol consumption <0.001
Almost never or rarely 31 (40.8%) 91 (79.1%) 122 (63.9%)
Often, not daily 33 (43.4%) 22(19.1%) 55 (28.8%)
Frequently, several times a week 12 (15.8%) 2(1.7%) 14 (7.3%)
Coffee consumption (No) 4 (5.3%) 10 (8.7%) 14 (7.3%) >0.05
Tendency to use opioid substances (No) 74 (97.4%) 112 (99.1%) 186 (98.4%) >0.05
Night work or study (Yes) 25 (32.9%) 45 (39.8%) 70 (37.0%) >0.05
Physical activity: Sedentary lifestyle 27 (35.5%) 21 (18.6%) 48 (25.4%) <0.05
Unhealthy dietary habits (at least one) 73 (96.1%) 94 (83.2%) 167 (88.4%)
Number of unhealthy dietary habits (median [Q1, Q3]) 3[2,5] 2[1,3] 2[1,3] <0.001
Meal timing irregularities (at least one) 67 (88.2%) 100 (88.5%) 167 (88.4%)
Number of meal timing irregularities (median [Q1, Q3]) 2[1,3] 1[1,2] 2[1,2] <0.01
(Continued)
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TABLE 2 (Continued)

Variable

(N =76)

10.3389/fmed.2026.1728748

Men Total

(N =191)

Women
(WERNE))

p (Sex

differences)

Number of previously applied dietary interventions to reduce or eliminate 2[1,2] 1[1,2] 2[1,2] > 0.05
symptoms (median [Q1, Q3])
Continuous aspirin use or long-term NSAID use (Yes) 20 (26.3%) 26 (23.0%) 46 (24.3%) > 0.05
Long-term use of other medications with adverse effects on the GI tract (most 47 (61.8%) 70 (61.9%) 117 (61.9%) >0.05
common: antibiotics)
Total number of medications >0.05

0 29 (38.2%) 43 (38.1%) 72 (38.1%)

1 15 (19.7%) 30 (26.5%) 45 (23.8%)

2 13 (17.1%) 16 (14.2%) 29 (15.3%)

Three and more than three 19 (25.0%) 24 (21.2%) 43 (22.8%)
Anthropometric measures
BMI (kg/m2) (% with BMI > 25) 79.7% 43.5% 57.7% <0.05
Waist circumference (% with >80 cm for women, > 94 cm for men) 44.6% 52.2% 49.2% >0.05

Significant differences between men and women. Tests performed - T Test or Mann-Whitney U for continuous variables, Chi Square for categorical variables.

also symptoms of organ diseases, such as regurgitation or
heartburn, while in this study, we focused on FD-related
symptoms. The selection of symptoms for this questionnaire was
made in the period before Rome IV has been established and does
not align with the current comprehension of dyspeptic symptoms
and the way of clustering into subtypes. Validation of this
questionnaire was performed on the population with chronic
uninvestigated dyspepsia. At least, it requires a new validation
procedure, that is, on the sample consisted of well-selected
individuals with FD, in terms of how this entity is understood
today. The LPDS, however, is narrowly focused on symptoms
related to PDS (60).

In contrast to these questionnaires, a Likert Scale is a basic, widely
used rating scale in psychometric measurements, and serves as a
measure for grading individual items in every standard questionnaire.
Obviously, there is a need to create and validate an integrated
questionnaire for assessing symptoms severity in people with FD,
including also symptom intensity, frequency, and duration.

To evaluate participants’ SWB, we used the Diener Subjective
Well-Being Scales, which measure life satisfaction and fulfilment (61,
62). We employed the Resilience to Stress Test (63, 64) to measure
one’s capability to recover after facing a stressful situation. To measure
the level of somatization, we used the reconstructed original The
Patient Health Questionnaire (PHQ-15), making it simpler, as a
9-item version (65, 66) (see Supplementary material 1). In selecting
the tests, we have been guided by the fact that they were translated into
Croatian and used in our surroundings.

White light endoscopy was performed, as a standard endoscopic
method to detect changes like inflammation, ulcers, or early cancers
based on the mucosal color changes, surface abnormalities, and
altered light reflection (67). Endoscopy included visualization of the
whole upper GI tract, that is, esophagus, cardia, fundus in retroflexion,
corpus, antrum, duodenal bulb, and descending duodenum. A
certified, well-trained endoscopist conducted all endoscopic
examinations, adhering to quality performance measures of the
European Society of Gastrointestinal Endoscopy (ESGE) (68).
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2.5 Description of psychological
instruments

The Resilience to Stress Test is composed of six items, three positive
and three negative, assessed using a five-point scale. The average score
is calculated after reversing the scores for the three negative items.
Higher scores indicate greater resilience.

The Diener Subjective Well-Being Scale consists of several scales:
The Life Satisfaction Scale, The Scale of Positive and Negative
Experiences, and The Flourishing (Prosperity) Scale.

The Life Satisfaction Scale contains five items that measure overall
life satisfaction using a seven-point scale, with higher scores indicating
greater satisfaction.

The Scale of Positive and Negative Experiences includes 12 items,
divided into two sets of six, measuring positive and negative feelings
over the past four weeks, with scores ranging from 6 to 30 for both
categories.

The Flourishing (Prosperity) Scale has eight items assessing key
aspects of functioning, such as positive relationships and a sense of
competence, using a seven-point scale. Scores range from 8 to 56, with
higher scores reflecting greater success in important life areas.

The Subjective Well-Being composite was obtained by centering the
results of three scales: Life Satisfaction, Positive Experiences, and
Negative Experiences.

The original PHQ-15 contains 15 somatic symptoms, one of which
applies only to women. The respondent needs to rate how much these
symptoms bothered them in the past month using a three-point scale,
scored as 0, 1, or 2. The total score ranges from 0 to 30, with scores of
5, 10, and 15 indicating mild, moderate, and severe levels of
somatization, respectively.

We performed a modified 9-item test, with total scores ranging
from 0 to 18, and classified as mild (0-4), moderate (5-8), or severe
(9-18). We validated this new PHQ scale by assessing internal
consistency and criterion validity through correlations with other
study measures, including Diener’s Subjective Well-being and the
Resilience to Stress Test (see Supplementary material 1).
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TABLE 3 Differences in participants’ characteristics according to their age.

10.3389/fmed.2026.1728748

Variable Up to 60 years old (n = 60 + years old (n = 28) p

Sex/W 97 (59.5%) 18 (64.3%) > 0.05
Number of alarm symptoms 0.49 £ 1.03 0.50 £0.75 >0.05
Number of other GI symptoms 242 +1.62 2.71+1.58 >0.05
Number of diagnoses of GI system 0.37£0.72 0.33+£0.48 >0.05
H.pylori infection 24 (14.7%) 5(17.9%) >0.05
IBS 32 (19.4%) 5(17.9%) >0.05
Anxiety 42 (25.8%) 9 (32.1%) >0.05
Number of somatic comorbidities 0.64 +0.76 1.68 +0.82 <0.001
Hypertension 26 (16.0%) 23 (82.1%) <0.001
Autoimmune thyroid diseases 17 (10.4%) 1(3.6%) >0.05
Allergic rhinitis or/and asthma 35(21.5%) 1 (3.6%) <0.05
Predisposition to urticaria or skin eczema 16 (9.8%) 2(7.1%) > 0.05
Somatization 4.96 +3.03 7.82 £4.00 <0.001
Stress resilience 3.07 £0.61 2.78 £0.62 <0.05
Satisfaction with Life Scale 23.49 £6.30 19.96 £ 5.48 <0.01
Scale of Positive Experience 21.08 +3.79 18.96 +2.88 <0.01
Scale of Negative Experience 16.67 +3.21 17.69 +2.68 >0.05
Subjective well-being (standardized) 022 +2.44 —1.30 +1.89 <0.01
Prosperity 41.80 £ 8.86 38.86 £9.39 > 0.05

Tests performed - T Test or Mann-Whitney U for continuous variables - presented as M + SD; Chi-square for categorical variables - presented as absolute and relative frequencies N (%).

TABLE 4 Differences in psychological factors according to the age of participants.

Variable Up to 60 years old (n = 163) 60 + years old (n = 28)
M (n = 66) W (n = 97) M (n = 10) W (n =18)

Somatization 471+£293 5.12+3.10 > 0.05 6.00 +2.98 8.83 £4.20 >0.05
Stress resilience 3.27+£0.57 2.94+0.61 <0.001 2.92+£0.49 2.70 £ 0.69 >0.05
Satisfaction with Life Scale 22.88 £6.82 23.91£5.93 >0.05 21.00 +4.42 19.39 £ 6.03 >0.05
Scale of Positive Experience 19.92 +3.90 21.88 £3.51 <0.01 18.56 + 1.24 19.18 +3.47 >0.05
Scale of Negative Experience 16.45 + 3.38 16.82 +3.09 >0.05 16.44 +2.79 18.35+2.45 >0.05
Subjective well-being (standardized) —0.19 £ 2.68 0.50 +2.24 > 0.05 —0.89 +0.90 —1.51+2.25 > 0.05
Prosperity 40.58 £9.43 42.65 + 8.38 >0.05 40.30 + 6.83 38.06 + 10.60 >0.05

Tests performed - T Test or Mann-Whitney U for continuous variables.

2.6 Statistical methods

Data were screened for extreme or implausible values, and missing
responses within multi-item scales were checked to ensure valid total
scores. Absolute and relative frequencies represented categorical data.
Differences in categorical variables were analyzed using the Chi-square
test or Fisher’s exact test. Continuous data were summarized using
arithmetic means with standard deviations and medians with
interquartile ranges. Group differences in continuous variables were
tested with the independent-samples t-test or Mann-Whitney U test.
Differences among multiple groups were assessed using ANOVA or
the Kruskal-Wallis test, followed by appropriate post hoc procedures.

The reliability of a particular psychological tests was assessed by
calculating the internal reliability coefficient, Cronbach’s Alpha
(Table 5). The relative frequencies of responses on the Somatization
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Symptom Questionnaire by the sex of participants are presented in
Supplementary material 2.

This study examined whether sex moderates the relationship
between FD-related variables and SWB. Multiple regression analyses
incorporated an interaction term for sex. The variables assessed were
organized into five categories: socio-demographic characteristics,
lifestyle and health-related habits, GI symptoms, GI and extra-GI
comorbidities, and psychological factors. Due to limitations identified
in the power analysis, not all variables could be included
simultaneously in the final analysis. To address this constraint and
retain theoretically relevant constructs, stepwise regression was
conducted within each conceptual category (Supplementary material 3).
Predictors that remained significant within each category were then
included in the final model using hierarchical block regression
analysis (Table 6).
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TABLE 5 The results of psychological testing.

10.3389/fmed.2026.1728748

Psychological instrument Mean SD Median [@]3 p (Sex differences)  Cronbach alpha o
Somatization 5.38 3.34 5 5 >0.05 0.77
Men 4.88 2.95 5 3.25
Women 5.70 3.55 5 5
Stress resilience 3.03 0.62 3 0.83 <0.001 0.75
Men 3.22 0.57 3.17 0.83
Women 2.90 0.62 3 0.75
Satisfaction with Life Scale 2297 6.30 24 9 >0.05 0.92
Men 22.62 6.56 23 8.75
Women 23.19 6.15 24 8
Scale of Positive Experience 20.77 3.74 20 6 <0.001 0.92
Men 19.75 3.70 18 6
Women 21.46 3.63 22 6
Scale of negative experience 16.81 3.15 18 3 >0.05 0.83
Men 16.45 3.29 17 4
Women 17.06 3.04 18 3
Subjective well-being (standardized) —0.002 2.425 0.173 3.400 > 0.05
Men —0.281 2.534 —0.796 3.508
Women 0.182 2.344 0.540 3.299
Prosperity 41.37 8.97 43 12 >0.05 0.96
Men 40.54 9.09 41 12.25
Women 41.92 8.89 44 11

Differences between men and women.

The study utilized path analysis as an extension of multiple
regression techniques (Supplementary material 4). This method
evaluated hypothetical causal relationships between sex and variables
that were significantly associated with SWB in the final block
regression model (69). The analysis quantified both direct and indirect
effects and illustrated the relationships in a path diagram (Figure 3).

Additionally, we checked an interaction (moderation) effect of sex
on any of the significant variables (interactions included in the
models) (Supplementary material 5) (Figures 4, 5).

3 Results

Participants are mainly of working age (18 to 60 years), highly
educated, and employed in office-related jobs. The second-ranked
occupation is in services and crafts. (see Table 2). Their top marital
status is married, followed by single. There are no sex preferences in
these features.

About 70% of respondents reported experiencing occupational
stressors, with frequent communication with third parties being a
leading problem. About half of them have experienced at least one
stressful situation in the past year. Women most often cited the
death or illness of loved ones as their primary source of stress,
while men more frequently reported family conflicts as the main
stressor.

Unbhealthy lifestyle behaviors are highly prevalent, with smoking
being the most common. The percentage of current smokers is
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significantly higher among men than among women. Over one-third
of participants report frequent alcohol consumption, a behavior more
prevalent in men. All participants also report high coffee intake.
Opioid use was reported to be low. More than one-third of the
participants work night shifts or study at night. Nearly two-thirds
engage in only moderate physical activity or lead mostly sedentary
lives, with men being disproportionately affected.

The majority of participants exhibit unhealthy eating patterns,
characterized by poor dietary choices and irregular meal timing, with
men demonstrating a higher prevalence of these behaviors compared
to women. Anthropometric data show that individuals with FD
present with normal weight, overweight, or obesity. All participants
reported attempting dietary interventions to alleviate FD symptoms
before consulting a gastroenterologist.

More than half of the participants reported using medications,
primarily for sleep disorders or mental health conditions.
Approximately one quarter indicated ongoing therapy with aspirin or
long-term use of NSAIDs. No significant sex differences in medication
usage were observed.

The most prevalent form of FD was PDS, followed by the mixed
type, and then EPS (Table 1). Symptom duration was generally longer
in men than in women. Most participants rated their symptom
severity as moderate, corresponding to scores of 2 or 3 on the Likert
scale. Symptoms occurred frequently, with most individuals
experiencing them daily or several times per week.

Approximately one-third of participants reported experiencing
alarm symptoms. The most frequently cited concerns included
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TABLE 6 The hierarchical (block-wise) regression model of subjective well-being.

Predictors Block 1 of variables Block 1 + 2 of variables Block 1 + 2 + 3 of variables
Estimate SE t value Estimate SE t value Estimate SE t value
(Intercept) —1.49 0.93 -1.61 0.108 —0.33 1.25 -0.27 0.791 —-4.91 1.46 —3.36 0.001
Age —-0.03 0.01 —2.43 0.016 —0.02 0.01 —1.34 0.181 —0.02 0.01 -1.22 0.223
Sex (ref. M) - W —-0.09 0.35 -0.26 0.794 —0.08 0.35 -0.23 0.821 0.67 0.32 2.07 0.040
Conflicted family relationships (ref Yes) - No 0.97 0.50 1.94 0.054 0.52 0.51 1.02 0.307 0.36 0.44 0.83 0.410
Number of stressful events —0.46 0.26 -1.78 0.077 —0.30 0.26 -1.16 0.246 0.08 0.23 0.35 0.724
Continuous aspirin use or long-term NSAID use - No 1.45 0.40 3.62 <0.001 1.19 0.40 2.98 0.003 0.85 0.35 2.39 0.018
Sedentary lifestyle (ref. Yes) - No 1.01 0.38 2.65 0.009 0.76 0.38 2.01 0.046 0.60 0.33 1.83 0.068
Smoker (ref. Yes) - No 0.75 0.35 2.17 0.032 0.61 0.35 1.74 0.084 0.30 0.31 0.99 0.325
Symptom frequency —0.36 0.13 —2.68 0.008 —0.19 0.12 —1.59 0.114
Symptom duration —0.28 0.14 -1.96 0.052 —0.12 0.12 -0.99 0.323
Anxiety (ref. Yes) - No 0.99 0.39 2.55 0.012 0.37 0.35 1.04 0.301
Hypertension (ref. Yes) - No 0.22 0.45 0.49 0.624 -0.17 0.39 —0.44 0.658
IBS (ref. Da) - Ne 0.16 0.40 0.39 0.694 0.35 0.35 1.02 0.307
Stress resilience 1.58 0.25 6.23 <0.001
Somatization —-0.14 0.05 —2.69 0.008
Sample 177 177 177
R*/R? adj. 0.283/0.253 0.356/0.309 0.521/0.479

SE: Standard Error of a regression coefficient. R?/R? - significant changes in explained variance (R?) across blocks.
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classic example of a suppression effect.
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Graph. Trace analysis showing the direct and indirect traces between sexes, subjective well-being, and stress resilience. Direct effect = 1.211*, indirect
effect = —0.669**, total effect = 0.542 (insignificant). A significant indirect effect suppresses the direct effect, making the total effect insignificant - a

Indirect: -0.669** Total: 0.542 (ns)
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FIGURE 4

Interaction graph showing the moderating effect of sex on the
relationship between FD symptom frequency and subjective well-
being.

unexpected weight loss and a family history of gastric cancer, with
similar prevalence among men and women. Additionally, participants
reported a range of other GI symptoms, most commonly two to three
distinct symptoms per individual.

One-third of participants received diagnoses of both FD and
IBS. Cholelithiasis represented the second most common GI
diagnosis, independent of surgical history. Sixty percent of
respondents underwent H. pylori testing, with 25 % of those receiving
positive results.

Over 35% of respondents reported having some mental disorder
or a psychological problem. Anxiety was the most common. Over half
of the participants had some extra-GI somatic conditions, most
prevalently hypertension and immunology-mediated diseases, such
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as allergic and autoimmune diseases. Over 20% of participants
reported having two or more diagnoses, indicating multimorbidity.

As seen in Table 3, participants aged 60 years and older (n = 28)
did not differ significantly from younger participants (n = 163) in sex
distribution, gastrointestinal symptoms, or most comorbidities (all
p>0.05). However, older participants had a significantly higher
number of somatic comorbidities (p < 0.001), with hypertension being
markedly more common in this group (82.1% vs. 16.0%, p < 0.001).
Conversely, allergic rhinitis or asthma were more frequent among
younger participants (21.5% vs. 3.6%, p < 0.05). Older participants
also exhibited higher somatization (p <0.001) and lower stress
resilience, life satisfaction, positive experiences, and SWB (all p < 0.05)
(Table 4).

Within participants up to 60 years old, women had lower stress
resilience (p < 0.001) and higher positive experience scores (p < 0.01)
than men, while no sex differences were observed for other measures.
In participants aged 60 and older, no significant sex differences were
found for any psychological or SWB variables (all p > 0.05).

Both men and women show moderate levels of somatization,
without a preference according to gender (see Table 5). The most
common complaints were for chronic pain and fatigue (See
Supplementary material 2). In contrast to that, men achieved higher
scores than women on the Stress Resilience Scale (p =0.0006)
(Table 5).

Analysis of the Life Satisfaction Scale reveals no statistically
significant difference in overall scores between sexes. Both men and
women report moderate life satisfaction, with scores ranging from
21 to 25.

Scores on the Positive Experiences Scale indicate moderate
positive affect for both men and women (score range 19-24). However,
women report significantly higher frequencies of positive feelings
compared to men (p < 0.001).

Scores on the Negative Experiences Scale indicates no significant
sex differences in the frequency of reported negative experiences. Both
men and women demonstrate moderate negative experience scores,
ranging from 13 to 18.

Analysis of the Prosperity Scale indicates no statistically significant
difference between men and women. All participants are positioned
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FIGURE 5
Box-plot graph for the interaction of additional diagnosis of IBS and sex on life satisfaction in individuals with FD.

at the threshold between moderate (25-40) and high (41-56)
prosperity.

The SWB composite score was calculated by standardizing the
results from the Life Satisfaction, Positive Experiences, and Negative
Experiences scales. No significant difference was observed between
men and women (T-test: t (179) = —1.261, p = 0.209).

The number of variables that entered the hierarchical (block-wise)
regression model was reduced by a pre-selection procedure
including separate models for each group of variables (see
Supplementary material 3).

The final model of SWB was obtained by gradually entering
variables significant from separate models for each conceptual block in
a hierarchical (block-wise) regression analysis (Table 6). The control
variables, age and sex, were also entered into the model regardless of
their significance. There were three blocks and 15 input variables
in total.

First block: Socio-demographic variables + health habits.

Seven predictors: Age + Sex + Family relationships + Number of
stressful events + Continuous aspirin use or long-term use of NSAIDs
+ Sedentary lifestyle + Smoking.

Second block: Symptoms and comorbidities.

Five predictors: Symptom frequency + Symptom duration +
Anxiety + Hypertension + IBS.

Third block: Psychological characteristics of the participants.

Two predictors: Stress resilience + Somatization tendency.

In Block 1 (socio-demographic variables, lifestyle, and health-
related habits; F (7,169) = 9.537; p < 0.001), older age was associated
with lower SWB (p = 0.016), and participants who did not use aspirin/
NSAIDs continuously, were physically active, or non-smokers
reported higher SWB (all p < 0.05). Family conflicts approached
significance, while the number of stressful events was not significant.
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This block explained 25% of the variance in SWB (adjusted
R? = 0.253).

Adding Block 2 (symptoms and comorbidities; F (12,164) = 7.549;
P <0.001) slightly reduced the significance of some lifestyle predictors,
while higher symptom frequency was associated with lower SWB
(p = 0.008), and absence of anxiety predicted higher SWB (p = 0.012).
Inclusion of health-related predictors in the second block significantly
increased explained variance (AR”>=0.073, F (5, 164) = 3.699,
p =0.003), resulting in a model that accounted for 31% of the variance
(adjusted R* = 0.309).

The variable “Age” had initially been found as significantly
associated with SWB, but after symptoms and comorbidities were
included in the model, the effect of age diminished.

Correlation analysis indicated a strong association between age
and hypertension (correlation coefficient = 0.6). However, mediation
analysis demonstrated that hypertension alone does not mediate this
relationship, and no significant interaction effects were identified.
These findings indicate that the relationship between age and SWB is
attributable to the combined influence of multiple health factors rather
than age in isolation (authors’ note).

Finally, Block 3 (psychological variables; F (14,162) = 12.57,
P <0.001) showed that higher stress resilience strongly predicted
greater SWB (p < 0.001), and higher somatization predicted lower
SWB (p = 0.008). After including psychological variables, sex (female)
became a significant positive predictor (p = 0.040), while other
variables lost significance. Adding psychological predictors in the
third block significantly increased the explained variance (AR? = 0.165,
F(2,162) = 27.868, p < 0.001), with the final model accounting for
48% of the variance in SWB (adjusted R? = 0.479).

In the full model, psychological factors emerged as the strongest
determinants of SWB, explaining variance previously attributed to
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socio-demographic and health indicators. This suggests that stress
resilience and somatization may mediate or “shadow” the effects of
socio-demographic and health variables.

Sex was not significantly associated with SWB in the first two
blocks. However, after adding psychological factors, sex emerged as a
significant variable, indicating that the effect of sex on SWB was
suppressed by shared variance with psychological variables. This
suggests that sex may have an independent effect on SWB after
controlling for psychological factors.

Correlation analyses showed that sex is negatively associated
with stress resilience (r = 0.25), which itself is positively associated
with SWB. Therefore, controlling for stress resilience revealed a
unique effect of sex on SWB, previously masked by shared
variance.

The path model shows that sex has a significant direct effect on
SWB when controlling for psychological resilience to stress. However,
the indirect effect through resilience is negative and significant,
suppressing the overall effect (Figure 3) (Supplementary material 4).
This is a classic example of a suppression effect: psychological
resilience masks part of the effect of sex on SWB, which only becomes
apparent when resilience is included in the model.

3.1 The moderating effect of sex on the
association between symptom frequency
and subjective well-being

Of the significant variables in the previous models, sex proved to
be a significant moderator in the association between the frequency
of FD symptoms and SWB (see Supplementary material 5). We treated
the frequency of symptoms as a continuous variable on a Likert scale
from 1 to 5 (authors' note).

ANOVA indicated that the frequency of FD symptoms has a
negative relationship with reported SWB. Increased symptom frequency
is strongly associated with reduced SWB in men. For men, the more
frequent the symptoms, the lower the SWB (see Graph, Figure 4).

3.2 The moderating effect of sex on the
association between IBS diagnosis and
subjective well-being

The GI and extra-GI comorbidities were also examined on the
their with
SWB (see Supplementary material 5). There was no interaction

moderating effect of sex on associations

(moderation) effect.

3.3 Examining the effect of IBS diagnosis
and sex on subjective life satisfaction (the
main component of the subjective
well-being construct) using two-way
ANOVA

The additional diagnosis of IBS is significantly related to expressed
life satisfaction, only in men, while in women, IBS diagnosis does not
influence life satisfaction (see Figure 5).
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4 Discussion

Participants with FD in this study were referred for specialist
examination due to worsening symptoms and impaired SWB. They
all attempted some dietary interventions to alleviate their
symptoms before consulting a gastroenterologist. This selection
criterion likely contributed to the relatively homogeneous
characteristics among participants, regardless of sex differences.
Common features included frequent additional somatic symptoms,
like chronic pain and fatigue, other GI symptoms, and
comorbidities, with anxiety, hypertension, and IBS being most
prevalent. Likely, previous research indicated that impaired QL,
which is related to but distinct from SWB, is more frequently
observed in individuals with FD in referral settings (70, 71).
Factors known from before to influence QL in these contexts are
similar to those identified in this study and include overlapping
functional GI disorders, particularly the coexistence of FD and IBS,
as well as the presence of extra-GI symptoms (70, 71). Psychological
factors, anxiety and depression, for which epidemiological studies
indicate they are associated with increased symptom severity in
individuals with FD, are also more prevalent in referral settings
(17, 71).

The participants are primarily of working age, highly educated,
and employed individuals. Women dominate over men. A minor
group of older individuals (>60 years), characterized by a higher level
of comorbidity, can also be noticed. This demographic profile may
differ from that in the general population. In this term, epidemiologic
studies have identified older age, female sex, and lower education level
as risk factors for FD or uninvestigated dyspepsia, but with varying
significance depending on study population and geographic regions
(5, 14, 37).

There were no significant differences between men and
women in average scores achieved on the SWB Scale and the
Somatization Scale. Somatization and SWB were shown to be
more impaired in older individuals, but they are less represented
in the sample. It may be that they are less ready to take an
endoscopic examination, more frequently have contraindications
for such examination, or are better suited to unpleasant symptoms
and, therefore, less likely to seek help. Regarding the latter option,
it is known that in older individuals, affective reactions to stressful
situations are less intense than in younger individuals (72).
Namely, with increasing life experience, most people learn how to
rationally cope with stress (73). On the contrary, psychological
distress is more likely to manifest with somatic symptoms,
cognitive changes, and loss of interest (74). Ultimately, having a
chronic disease or a functional disability is stressful and requires
efforts to adapt to discomfort, limitations, and emotional distress
that come with these conditions.

The difference among respondents was found only in stress
resilience, with men showing significantly higher resilience than
women. It appears to be a characteristic of younger individuals with
FD and is associated with working conditions. Sex was identified as a
significant determinant of SWB in the complex hierarchical model,
but only after controlling for somatization and stress-resilience. More
precisely, a positive correlation with SWB was observed for the female
sex. This is likely different from the evidence indicating that women
with FD tend to have higher impairment of daily functioning than
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men with FD (37, 75). These differences may be due to the specific
characteristics of the referral population employed in this study.

Further analysis has revealed that this unexpected sex-related
association is due to the dual correlation; sex correlates with stress-
resilience, which in turn correlates with SWB. Therefore, controlling
for stress resilience has revealed a unique effect of sex on SWB,
previously masked by shared variance. The path model, as illustrated
in Figure 3, further clarifies these relationships. It demonstrates that a
significant positive direct effect of sex on SWB is offset by a negative
indirect effect. The persistence of a direct effect suggests that additional
sex-related factors, apart from stress-resilience, may influence SWB.

In fact, the modeling procedure suggests the presence of a
complex interactive network involving age, sex, and several factors
associated with FD. These factors belong to different domains, such as
socio-demographic and lifestyle characteristics, symptoms,
comorbidities, medications, and psychological constructs such as
resilience to stress and somatization. This way, this study supports the
biopsychosocial model of FD. In addition, the specific characteristics
of the study sample and the environmental and cultural context of the
study region may contribute to observed sex-related effects on SWB.

Analyzing the hierarchical model retrogradely may clarify the
relationships between potential background variables and SWB. The
psychological constructs of somatization and stress resilience showed
the strongest links to SWB. Adding these psychological variables to
the model reduced the explanatory strength of socio-demographic
and health-related factors, as psychological constructs explained
variance that was previously attributed to those factors. Only the
variable “chronic aspirin use or long-term NSAID use” remained
significant throughout all model stages, indicating an independent
effect on SWB. It may be due to the known harmful effects of these
medications on gastric function (76). The pathogenesis of dyspepsia
with NSAIDs is not completely understood. It is considered to include
both visible and microscopic mucosal injuries and also changes in
gastric mechanosensory function (77, 78). Alternatively, this variable
may indicate an independent association of age-related accumulation
of comorbidities with SWB decline. It is most likely, based on the
results of this study, that this variable reflects the increased sensitivity
to pain of individuals with FD, in particular those with an overlap of
FD and IBS, due to the common presence in participants of somatic
symptoms, such as chronic pain and fatigue (79).

Few studies employed a comprehensive design comparable to the
present research, limiting opportunities for direct comparison. One
study, using a structural equation model, identified somatic symptoms
and trait affectivity, defined as a personality feature characterized by
emotional responses to stress, as the main factors influencing both
physical and mental QL in individuals with FD (80). Another study,
with a similar design to this study, and with hospital-based participant
selection, found somatization as the principal factor that influenced
the physical dimension of QL, and also achieved its effect by mediating
a role of abuse history and depression. In contrast, psychosocial
variables, such as trait and state anxiety, depression, and both positive
and negative affect, were shown to be associated with the mental
dimension of QL (81). SWB, used as an outcome in the present study,
reflects the emotional and cognitive perception of life and corresponds
to the mental aspect of QL.

The diagnoses of anxiety, hypertension, and IBS were the
top-ranked participants' comorbidities and were identified as
significantly associated with SWB during the pre-selection phase
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of the model development. Ultimately, only anxiety was found to
be significant in the hierarchical regression model, but no longer
than somatization and stress-resilience were incorporated into the
model. The available evidence may provide a better understanding,
linking anxiety and somatization with symptom severity and QL
in individuals with FD, with somatization having a mediating role
(29, 81). We provided a visual presentation of these relationships in
Figure 1 and put them in the context of gut-brain interaction.

The two other previously significant variables in the hierarchical
model that lost significance after the model’s adjustment for
somatization and stress-resilience are “symptom frequency” and
“physical activity” They can also help clarify the background of the
interaction of gender with SWB. Especially, symptom frequency is
likely to be important in this context, as sex was shown to moderate
its association with SWB in the additional interaction analysis. In
this analysis, symptom frequency was negatively associated with
SWB in men, but not in women, suggesting a sex-specific
vulnerability. That means that symptom burden is likely to have a
stronger impact on the subjective mental state in men than in
women with FD.

Lower women’s vulnerability to symptom frequency may be due
to differences in their coping mechanisms or attitudes toward
physical discomfort. Such an assumption is supported by a result in
this study showing a significantly higher score on the Positive
Experience Scale (a component of SWB) in women compared to
men. Thus, by valuing positive experiences better than men do,
women are likely to exhibit more optimistic attitudes toward their
physical symptoms and life, in general, which could be their
protective mechanism against stress. The role of female sex on higher
positive affect may be attenuated in older age, when the presence of
chronic diseases and a higher level of somatization may make both
men and women equally vulnerable to decline in SWB.

Sex-related differences in vulnerability to symptom frequency
may account for the observed distribution of this variable between
the sexes in the present study. Specifically, there is a relatively higher
proportion of men with impaired SWB in this referral group of
individuals with FD compared to the general population, where QL
impairment is more commonly reported among women (37, 75).

Symptom frequency is closely associated with symptom duration,
and both variables were included in the hierarchical model; however,
only symptom frequency reached statistical significance, as being
more importantly related to SWB. Oppositely, men exhibited a longer
symptom duration than women, while no difference in symptom
frequency was observed between the sexes. These findings may have
a double explanation.

The first option is that men with FD achieve an equal symptom
frequency as women with FD after a longer period of symptom
duration. This scenario, based on the available evidence, may be as
follows. An emotional discomfort related to psychological stress may
trigger in men a tendency toward unhealthy coping habits (14, 82).
This behavioral pattern is usually more exploited by men than
women, as seen also in this study (43). It is particularly comfortable
among men in surroundings like those where the study took place,
where lifestyles, like smoking and alcohol consumption, are
conventionally accepted and considered a typical masculine behavior
(83). Because a longer time is needed for the lifestyle and nutritional
factors to alter gastric function than it is in women, who typically
respond to stress with emotional reactions and anxiety, men are likely
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to wait longer before achieving symptom frequency to become
recurrent or chronic (43).

Alternatively, men with the same symptom frequency and SWB
decline as women may wait longer before deciding to report their
physical discomfort and ask for help, which points to a sex-related
difference in health-seeking behavior.

According to the UEG/ESNM Consensus Report, that is based
on evidence systematization and expert panel consensus, dyspeptic
subjects who seek healthcare attention have more severe, frequent,
and persistent dyspepsia symptoms. Sex-related differences in the
relationships between symptom severity and patterns and healthcare
seeking behavior, have not been examined so far.

In the context of a poor lifestyle, only smoking and physical
activity were included in the hierarchical regression model. However,
physical activity was more consistently associated with SBW. This
may be because exercise has many health benefits, such as improving
mood (84). Poor dietary habits were not associated with FD-related
SWB. Currently, the link between dietary patterns and FD remains
unclear (85). Still, poor diet and low physical activity can indirectly
show up as increased body weight and waist circumference in FD,
indicating abdominal obesity linked with metabolic syndrome and
hypertension (86). This may be especially the situation with the older
part of respondents, who are commonly diagnosed with hypertension.

One more variable, besides symptom frequency, showed an
interaction effect of sex on its relationship with SWB. This is the
diagnosis of IBS. IBS was negatively linked to life satisfaction (the
main component of SWB) in men, but not in women. This result
aligns with evidence suggesting that the coexistence of FD and IBS is
a key factor affecting QL in referral settings (70, 71). An explanation
may be based on evidence that men with both FD and IBS are
particularly burdened by psychosocial factors or are more vulnerable
to their negative effects (87). This finding could explain the relatively
balanced sex-related distribution of IBS diagnoses in this sample,
which contrasts to the general population, where IBS is reported to
be more common in women (88).

The results of this study highlight the importance of specifying
both the source and intensity of stress exposure to assess participants’
responses to stress accurately. Job-related stress was identified as the
primary source of stress for participants in this study. However, likely,
the combined effect of multiple stressful situations from both work
and family domains affects symptom severity and SWB. Several
results support this idea. A great part of the participants reported
experiencing at least one stressful event in the past year. Variables
“Family relationships” and “Number of stressful events” were selected
as input variables in the hierarchical regression model. A behavioral
pattern that arises in response to stressful situations, such as poor
sleep, as also demonstrated in this study, can perpetuate the
physiological disturbances initiated by stress (89).

Furthermore, individuals with FD, especially those in referral
settings, may exhibit personality profiles that increase their
vulnerability to stressors (90). In this sample, the majority of
participants demonstrated high levels of ambition, as reflected by their
elevated scores on the Prosperity Scale.

This study also underscores the significance of identifying factors
that influence sex-related differences in stress responses. Resilience to
stress emerged as the primary factor distinguishing men and women
in terms of susceptibility to stress. This effect is likely to disappear in
older age, when higher somatization and the effect of chronic
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conditions and polypharmacy may take a dominant role in association
with SWB.

Exposure to chronic stress is known to accelerate the development
of chronic diseases and disorders such as anxiety, poor sleep, altered
metabolic and immune functions, and increased inflammation (91).
We discussed this issue in our previous work (86, 92). These
mechanisms are especially reinforced among people living in regions
with low socio-economic conditions, like the area where this research
took place (93). In this context, the most common comorbidities in
participants of this study include diseases linked to chronic stress and
its physiological effects, such as anxiety, sleep disorders, hypertension,
and immune-mediated diseases, like allergies and autoimmune
conditions. IBS, another common disorder from the group of
functional GI disorders, aside from FD, is also among these frequent
comorbidities. If viewed in this context, these results suggest that the
characteristics of individuals with FD should be considered alongside
other disorders of the gut-brain axis (94).

Another notable relationship identified in these results concerns
the variable ‘Age’ Age was initially significant in the hierarchical
regression model. However, after accounting for symptoms and
comorbidities, its effect was no longer evident. This finding suggests
that the association between age and SWB is primarily due to health-
related factors and somatization that accompanies them rather than
age itself. The strong positive correlation between age and
hypertension diagnosis further supports this interpretation.

In this context, a smaller subgroup of participants over 60 years of
age is evident. The primary factor contributing to decreased SWB in
this cohort appears to be a higher level of comorbidity and
polypharmacy, rather than exposure to real-life stressors, which aligns
with knowledge (94). This interpretation is supported by the stability
of the variable ‘Continuous aspirin use or long-term use of NSAIDs’
in the hierarchical regression model, even after accounting for
somatization and stress resilience. Although, this variable can also
represent a confounding factor, due to the fact that polypharmacy, and
NSAIDs in particular, may cause pathology capable of explaining the
symptoms, but invisible by the standard white-light endoscopy, such
as the small bowel enteropathy (95).

Ultimately, psychological factors may stay in the background of
associations between increasing comorbidity, dyspepsia symptom
severity, and a decline in SWB. In this term, it has been noted that
older individuals with low stress resilience and insufficient adaptation
to chronic diseases, that is, with psychological issues, are more likely
to experience impaired SWB (96).

Among older participants, challenges in assessing somatization
may arise (97). In this population, somatic symptoms related to
physical illnesses, including chronic pain and fatigue, frequently
overlap with symptoms of anxiety and depression, which makes
difficult to differentiate these symptoms between physical and mental
illnesses (98).

5 Conclusions, implications for
practice, and future research
directions

An advanced modeling procedure was applied to the group of
individuals with FD referred to the gastroenterologist’s examination.
The aim was to elucidate how sex interacts with associations among
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various FD-related factors and SWB. It has revealed a complex
interactive network between age, sex, and SWB-related factors,
supporting the biopsychosocial model of FD.

Psychological constructs, somatization, and stress-resilience
showed the strongest associations with SWB, surpassing the effects of
other variables. This result becomes reasonable, when conveyed into
the concept of the gut-brain interaction, as the framework for
understanding the pathophysiology of FD (Figure 1). Only the
variable “chronic aspirin use or long-term NSAID use” remained
significant in the final model, indicating an independent
impact on SWB.

An effect of sex on SWB emerged after controlling for stress
resilience, suggesting that this effect was masked by the (stronger)
effect of psychological resilience on SWB, but that other sex-related
factors may also (but in a lesser extent) influence SWB. For instance,
women might gain more than men from certain protective
psychological traits, or they employ different strategies to maintain
SWB despite illness.

One such strategy, suggested by the results of this study, is that
women tend to be more optimistic than men as they value positive
experiences more than men do.

In contrast to women, men are likely to have a more favorable
initial position regarding SWB, due to their higher stress resilience.
This initial position can ultimately be hampered by the negative effect
on SWB of other factors, like the use of negative health-related
lifestyles, higher sensitivity to disharmonious relationships within the
family, as well as a higher sensitivity to recurrent dyspeptic symptoms,
and symptom broadening, as in the context of overlapping FD and IBS
diagnosis. This finally supports the idea that men’s SWB may be more
reactive to physical symptoms or their mental effects than womens. In
women with FD, SWB appears to be less sensitive to symptom
frequency or symptom sharing with IBS, possibly due to different
coping mechanisms or better tolerance of physical discomfort. These
results contrast with the evidence available so far, indicating lower QL
in women with FD.

Overall, the results point toward the importance of examining the
gender-related (socially conditioned) factors associated with SWB or
QL in the context of FD and other disorders of the gut-brain
interaction. The results also indicate that there is a need to separately
assess the FD-related factors and their influence on SWB in older
individuals with FD, as they can differ from those in their younger
counterparts.

Taken together, these results suggest that sex-specific
differences in factors such as coping styles, health-seeking
behaviors, emotional expression, health-related attitudes, symptom
reporting, and social gender role expectations should be explored
in future research and considered in the development of
intervention strategies.

An individualized and multicomponent approach that considers
sex issues might improve FD treatment and improve patient
SWB. Interventions for men should address both symptom
management and the psychological impact of symptoms, using
integrated approaches (e.g., psychoeducation, coping skills training).
Promoting health and emotional literacy in men may also be useful in
improving their SWB.

Clinicians should expand definitions of resilience to include both
internal strength (e.g., perseverance, coping styles) and interpersonal
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strategies (e.g., seeking support), recognizing that each may play a
different role depending on sex.

However, identifying a suitable methodological framework to
elucidate complex relationships within the context of the
biopsychosocial model of FD remains a challenge. Current attempts
to construct comprehensive models are in the early stages. The
findings of this study align with the limited existing research in this
area, pointing toward the need to involve psychological constructs like
somatization and stress resilience in these studies, due to their strong
associations with SWB.

A major limitation of this study is the lack of invasive diagnostics
of HP infection, but this fact could not have had a significant impact
on study results, since non-invasive SAT was taken. In addition,
standard questionnaires for rating symptom severity have not been
used; instead, a 5-item Likert scale was used to measure subjective
participant perception of symptom intensity.

A limitation may also be a selected population of individuals with
FD who were referred for a specialist examination. However, this
selection enabled the analysis of complex, multilayered relationships
among variables within a shared context. The study not only
investigated the existence of these relationships but also examined
their directionality and relative strength.
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Glossary

FD - functional dyspepsia

GI - gastrointestinal

SWB - subjective well-being

PDS - postprandial distress syndrome
EPS - epigastric pain syndrome

IBS - irritable bowel syndrome

CNS - central nervous system

ENS - enteric nervous system

QL - quality of life

NSAIDs - nonsteroidal anti-inflammatory drugs
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HP - Helicobacter pylori

BMI - body mass index

UEG - United European Gastroenterology

ESNM - European Society for Neurogastroenterology and Motility
HPA - Hypothalamic-Pituitary-Adrenal

ANS - autonomic nervous system

SAT - stool antigen test

PAGI-SYM - Patient Assessment of Gastrointestinal Disorders-
Symptom Severity Index

LPDS - Leuven Postprandial Distress Scale
PHQ - Patient Health Questionnaire

ESGE - European Society of Gastrointestinal Endoscopy
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