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Original Article

Impact of zonulin on the depressive
and anxious states in patients with
ulcerative colitis

Abstract

Aim: The objective of this study is to investigate serum zonulin levels in patients
diagnosed with ulcerative colitis and to examine the association between serum
zonulin concentrations and the Beck Depression and Anxiety Inventory scores.
Symptoms of depression and anxiety in patients with inflammatory bowel disease
(IBD) are believed to be associated with increased intestinal permeability. Zonulin,
a protein that modulates tight junctions between cells of the intestinal wall, has
been studied as a marker of intestinal barrier integrity.

Materials and Methods: This study was designed as a prospective investigation,
conducted among patients with ulcerative colitis (UC) who were in clinical
remission, as determined by both clinical assessments and laboratory tests, between
November and December 2017. Demographic and clinical data were collected.
All consecutive patients were evaluated using the Beck Depression and Anxiety
Inventories. Serum zonulin levels were measured in each patient.

Results: The mean age of the 50 patients was 47.3+12.2 years. The mean disease
duration of these patients was 7.2+5.9 years. Mild depression was observed in
10 patients (20%), while moderate depression was present in 3 patients (6%).
Similarly, mild anxiety affected 8 patients (16%), and moderate anxiety was noted
in 6 patients (12%). Serum zonulin levels were significantly higher in obese patients
compared to those with normal or overweight body mass indices (p<0.001). Serum
zonulin levels showed a moderate positive correlation with body mass index
(r=0.586, p<0.001), Beck Depression Inventory scores (r=0.508, p<0.001), and
Anxiety Inventory scores (r=0.437, p=0.002).

Conclusion: Obesity was significantly associated with elevated serum zonulin
levels. In addition, depression and anxiety scores were moderately correlated with
serum zonulin levels in patients with ulcerative colitis.

Keywords: Inflammatory bowel disease, zonulin, ulcerative colitis, depression,
anxiety

INTRODUCTION

Ulcerative colitis (UC) is an immune-mediated inflammatory
condition (1-3). Its exact pathogenesis still not fully understood.
However, numerous studies have explored the potential
contributions of immunological, microbial, environmental, and
genetic factors in the progression of UC (1,4,5).

The development of an abnormal immune response against the
gastrointestinal tract microbiota has been considered one of the
primary hypotheses in the development of inflammatory bowel
diseases in genetically susceptible populations (2,5). Increased
intestinal epithelial permeability may facilitate the translocation of

n

microbial antigens and other luminal substances into the circulatory
system (1,6,7). This dysfunction in the intestinal epithelial barrier
can lead to abnormal interactions between luminal antigens and
the mucosal immune system, further driving the pathophysiology
of UC (3).

Depression and anxiety are commonly associated with chronic,
long-standing diseases (8). As a chronic inflammatory condition,
ulcerative colitis (UC) often leads to severe symptoms, contributing
to psychological issues in affected patients (9-12).

The gut-brain axis is a term used to describe the relationship
between alterations in the gut microbiome, intestinal permeability,
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and their impact on mental health disorders such as depression and
anxiety (8,12). Improvements in this axis may lead to enhanced
cognitive function and alleviation of mental health symptoms.

Several biomarkers, including serum zonulin, intestinal fatty acid-
binding protein, lipopolysaccharide-binding protein, fecal albumin,
and calprotectin, have been studied in the context of assessing
intestinal barrier integrity (5,6). Zonulin, a 47 kDa protein, is known
to increase epithelial permeability in the small intestine by regulating
intercellular junctions (1,6,13). Previous studies have demonstrated
that zonulin increases intestinal permeability by reversibly opening
intercellular junctions (14-16), which in turn elevates circulating
inflammatory markers (5).The potential therapeutic use of zonulin
inhibitors has been experimentally investigated in the context of
various acute and chronic inflammatory diseases (17). All these
data suggest that zonulin levels play a role in the diagnosis, clinical
activity and treatment of UC (1,17).

This study investigates whether serum zonulin levels influence
symptoms of anxiety and depression in UC patients.

MATERIALS AND METHODS
Study Design

This prospective, single-center, observational study included
patients with ulcerative colitis (UC) aged 18 to 70 years, who
were followed up at the gastroenterology outpatient clinic of the
Department of Internal Medicine, Gazi University Faculty of
Medicine, Ankara, between November and December 2017. All
patients were confirmed to be in clinical remission based on the
Truelove and Witts disease activity index. The study protocol
was approved by the Gazi University Faculty of Medicine
Clinical Research Ethics Committee (Approval Date: 23/10/2017,
Approval No: 492). The study was conducted in accordance with
the principles outlined in the Declaration of Helsinki, and written
informed consent was obtained from all participants.

Ulcerative colitis (UC) diagnosis is based on laboratory,
radiological, clinical, endoscopic, and histological findings. The
clinical severity of UC is evaluated using the Truelove and Witts
disease activity index, categorizing the condition as mild, moderate,
or severe (18,19). Factors assessed in determining the severity of
UC include the number of bloody stools per day, the frequency
of positive fecal occult blood tests, heart rate, body temperature,
hemoglobin levels, and erythrocyte sedimentation rate (ESR).

Indicators of remission include the following:

Bloodless stools once or twice a day,

Absence of fever and tachycardia,

Normal hemoglobin levels and ESR values, or a return to
normal levels,
Weight gain (18).

The study’s exclusion criteria included lack of consent, irregular
follow-up visits, acute diseases, concurrent infections, malignancies,
chronic psychiatric or neurological disorders, substance abuse, and
the use of psychotropic medications within the past year.
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Data Collection

Demographic characteristics, including gender, body mass index
(BMI), and age, as well as clinical characteristics such as smoking
status, disease duration, and medications used, were recorded.
Patients were classified based on their BMI as follows:

Underweight (BMI<18.5 kg/m?),
Normal weight (BMI 18.5-24.99 kg/m?),
Overweight (BMI 25.0-29.99 kg/m?),
Obese (BMI>30 kg/m?) (20).

All patients underwent a comprehensive physical examination.
Erythrocyte sedimentation rate (ESR), hemoglobin levels, and
C-reactive protein (CRP) levels were measured.

The Beck Depression-Anxiety Inventory was administered to
all patients to assess their levels of depression and anxiety. The
inventory consists of 21 items (21-23), each scored from zero to
three, with a maximum possible score of 63. Based on the total
score, patients’ depression and anxiety levels were categorized as
normal/minimal, mild, moderate, or severe. The Turkish validation
studies for the Beck Depression-Anxiety Inventory have been
previously conducted (24,25). Blood samples were collected from
each participant after overnight fasting upon admission to measure
serum zonulin levels. All serum samples were stored at -80°C until
analysis. Serum zonulin levels were measured using the Zonulin
enzyme-linked immunoassay (ELISA) Human Kit (Algen
Diagnostik Medikal Ltd. Sti., Ankara, Tiirkiye). Following dilution
of the samples according to the manufacturer’s instructions, the
serum zonulin levels were determined using the double-antibody
sandwich technique (3). A four-parameter algorithm was employed
for the standard curve, and optical density was measured at 450
nm. The manufacturer did not provide a specific reference range
for zonulin (ng/mL). According to the manufacturer, the intra-
assay and inter-assay coefficients of variation were 3.4% and
13.3%, respectively (3).

Statistical Analysis

Statistical analyses were conducted using the Statistical Package
for Social Sciences (SPSS Inc., Chicago, IL, USA). Descriptive
statistics were presented as follows:

Meantstandard deviation for continuous variables with
normal distribution,

Median (minimum-maximum values) for continuous
variables without normal distribution,

Number and percentage for categorical variables.

The normality of numerical variables was assessed using the
Kolmogorov-Smirnov, Anderson-Darling, and Shapiro-Wilk
tests. Independent samples with normally distributed numerical
variables were compared using the t-test, while the Mann-Whitney
U test was applied for groups where numerical variables were
not normally distributed. For categorical variables in 2x2 tables,
Fisher’s exact test and Pearson’s chi-square test were used for
analysis.



When comparing two or more independent groups with numerical
variables following a normal distribution, a one-way analysis of
variance (ANOVA) was employed. The Games-Howell test was
used in the parametric analysis to identify group differences when
the data exhibited a heterogeneous distribution.

Pearson correlation coefficients were used to evaluate correlations
between numerical variables. The correlations were categorized
based on their coefficients as follows:

*  No or very weak correlation (r<0.2),
e Weak correlation (r=0.2-0.29),

e Moderate correlation (r=0.4-0.59),

e Good correlation (r=0.6-0.79),

*  Strong correlation (r=0.8-1.0).

A probability value (p) of <0.05 was considered statistically
significant.

RESULTS

he average age of the 50 patients in the study was 47.3+12.2 years.
Of these patients, 66% (n=33) were male, and 34% (n=17) were
female. The mean BMI was 26.3+4.7 kg/m> Nearly 70% of the
patients had a normal weight or were overweight. The mean disease
duration was 7.2+5.9 years. Table 1 presents the distribution of
demographic and clinical characteristics.

Table 1. Demographic and clinical characteristics of the patients.

Parameter Value
Age (year) 47.3£12.2
<40 years 14 (28)
41-50 years 11 (22)
Age groups
51-60 years 18 (36)
>61years 7 (14)
Sex Male 33 (66)
Female 17 (34)
Body mass index (kg/m?) 26.3+4.7
Underweight 1(2)
Body mass index Normal weight 18 (36)
groups Overweight 22 (44)
Obese 9 (18)
Smoker 7 (44)
Ex-smoker 21 (42)
Smoking Non-smoker 22 (14)
Disease duration (months) 7.2+5.9
Bloody stools 16 (32)
Topical aminosalicylates 15 (30)
Oral aminosalicylates 14 (28)
Medications Corticosteroids 2(4)
Purine metabolites 9 (18)
Tumor necrosis factor-o inhibitors 4(8)
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Table 2 presents the laboratory characteristics of the patients.
The mean serum zonulin level was 23.44+7.6 ng/mL.

Table 2. Laboratory investigations of the patients

Parameter Meand:'s ta.ndard Range
deviation

Hemoglobin (g/dL) 13.6+1.5 10-16.6

Erythrocyte sedimentation rate (mm/hr) 11.92+9.4 -2-47

C-reactive protein (mg/dL) 41+£29 1.5-19.0

Serum zonulin (ng/mL) 234+7.6 3.3-39.7

Beck Depression-Anxiety Inventory scores revealed the

following:

e Depression: 37 (74%) patients had normal/minimal
depression, 10 (20%) patients had mild depression, and 3
(6%) patients had moderate depression.

e Anxiety: 35 (70%) patients had normal/minimal anxiety, 8
(16%) patients had mild anxiety, and 6 (12%) patients had
moderate anxiety (Table 3).

Table 3. Distribution of the Beck Depression and Anxiety Inventory Scores

Categories Meanzstandard deviation (range)
6.6+5.5 (0-23)

Beck Depression Inventory score

None 37 (74)

Mild 10 (20)
Depression categories

Moderate 3(6)

Severe 0(0)
Beck Anxiety Inventory score 6.9+6.6 (0-28)

None 35(70)

Mild 8(16)
Anxiety categories

Moderate 6(12)

Severe 1(2)

The serum zonulin levels differed significantly among the groups
based on BMI (p<0.001). Specifically, obese patients had higher
serum zonulin levels compared to those who were normal weight
or overweight (Table 4). In contrast, serum zonulin levels did not
vary significantly between groups based on gender (p=0.816) or
smoking status (p=0.850) (Table 4).

Table 4. Comparison of serum zonulin levels according to demographic

and clinical characteristics of the patients

Serum zonulin levels

Variables (ng/mL) (Meanztstandard p
deviation)
Male (n=33) 23.24+7.2
Sex 0.816
Female (n=17) 23.7+8.6
Underweight (n=1)
Obesity Normal weight (n=18) 20.0+8.0
groups Overweight (n=22) 22.6+6.0 <0.001
Obese (n=9) 32.0+£3.8
Non-smoker (n=22) 22.7+7.8
Smoking b cmoker (n=21) 23772 0.850
status
Smoker (n=7) 24.4+9.0
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Serum zonulin levels correlated with BMI (1=0.586, p<0.001),
Beck Depression (r=0.508, p<0.001), and Anxiety Inventory
(r=0.437, p=0.002) scores (Table 5). As the BMI values and the
scores of the Beck Depression/Anxiety Inventory increased,
serum zonulin levels also increased.

Table 5. Correlation of serum zonulin levels with numerical demographic,

clinical and laboratory parameters

Serum zonulin

r p
Age -0.142 0.327
BMI 0.586 <0.001
Disease duration -0.003 0.986
Hemoglobin -0.019 0.896
ESR -0.124 0.389
CRP -0.162 0.262
Beck Depression Inventory 0.508 <0.001
Beck Anxiety Inventory 0.437 0.002
DISCUSSION

The findings of this study revealed a moderate positive
correlation between serum zonulin levels and both body mass
index (BMI) and Beck Depression and Anxiety Inventory scores.
However, no significant correlation was observed between serum
zonulin levels and other patient or disease-related characteristics,
including age, gender, smoking status, and disease duration.

Previous studies have hypothesized that chronic inflammation is
a common ectiology for depressive symptoms and poor outcomes
in patients with inflammatory bowel disease (26). Several authors
have also proposed reciprocal relationships between zonulin
levels, intestinal barrier dysfunction, and inflammation (27).
While zonulin may not be directly involved in the development of
depressive and anxious symptoms, it could serve as a biomarker
for intestinal barrier dysfunction, consistent with the findings of
this study (1). Disturbances in intestinal permeability may lead
to various extraintestinal manifestations of UC, accompanied by
elevated serum zonulin levels.

Zonulin regulates endothelial and epithelial barrier functions.
Zonulin is released into the circulation when the intestinal
barrier is disrupted. On the other hand, microbial antigens
cross the intestinal barrier, which activates T lymphocytes
and triggers the release of proinflammatory cytokines into the
circulation. These proinflammatory cytokines further increase
intestinal permeability, creating a vicious cycle. The increased
proinflammatory cytokines can easily cross the blood-brain
barrier, affecting brain cells, neurotransmitter metabolism,
pituitary-hypothalamus, and the adrenal system. These biological
mechanisms may also explain the relationship between zonulin
and depression and anxiety.

In a study involving patients with Crohn’s disease (CD)
and ulcerative colitis (UC), Tordache et al. (6) evaluated the
relationship between gut permeability and depression in
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patients with inflammatory bowel disease using the Patient
Health Questionnaire-9 and found that the Patient Health
Questionnaire-9 scores were moderately correlated with serum
calprotectin and lipopolysaccharide-binding protein levels in the
positive direction, but not with serum zonulin levels. In contrast,
the findings of this study demonstrated a moderate positive
correlation between serum zonulin levels, body mass index
(BMI), and Beck Depression and Anxiety Inventory scores.
The discrepancies between the results of these studies may be
attributable to differences in patient characteristics, patient-
reported outcomes for depression, and the laboratory techniques
used to measure zonulin levels (5).

Demographic and clinical factors influencing zonulin levels in
inflammatory bowel disease (IBD) have been investigated in
previous studies. However, the results have been inconsistent.
While some found a relationship between zonulin levels, age, and
gender, others did not (1,28). Lacombe et al. (1) demonstrated
that zonulin levels did not vary based on the type of IBD. Studies
examining zonulin levels in colorectal cancer and different types
of IBD have also yielded conflicting results (3,7,16,29). In one
such study, Caviglia et al. found a negative correlation between
zonulin levels and disease duration in IBD (3).

Several studies determined that obesity correlated with zonulin
levels in UC, as in this study (1,2). It has been speculated that
obesity due to a high saturated fat diet might lead to an increased
intestinal permeability resulting in changes in the intestinal
microbiota (1). Nevertheless, large-scale studies are needed to
elucidate the underlying pathophysiological mechanisms.

The first limitation was the relatively small sample size.
Secondly, only patients with ulcerative colitis (UC) in remission
were included. Thirdly, only serum zonulin levels were analyzed,
as opposed to cecal measurements (3,7,13). The inclusion of
additional biomarkers for intestinal permeability and the analysis
of fecal samples could have provided more comprehensive
results. Lastly, the effect of disease severity on zonulin levels
could not be assessed due to the absence of UC patients with
varying levels of disease severity.

CONCLUSION

In conclusion, this study demonstrated that serum zonulin
levels were correlated with depression and anxiety scores in
patients with ulcerative colitis (UC). Additionally, patients
with higher body mass index (BMI) values had elevated serum
zonulin levels . Therapeutic interventions aimed at preserving
intestinal permeability may help alleviate depressive and anxious
symptoms in UC patients. Future research is needed to clarify the
pathophysiological mechanisms linking gut barrier dysfunction
and psychiatric symptoms.

Learning Points

1. Dysfunction of the intestinal epithelial barrier may be
associated with depression and anxiety in ulcerative colitis

patients.



Biomarkers, including serum zonulin, have been investigated
in assessing integrity of intestinal barrier.

Obese ulcerative colitis patients had significantly higher
serum zonulin levels.

Serum zonulin levels correlated with body mass index, Beck
Depression and Anxiety Inventory scores.

Therapeutic maneuvers protecting intestinal permeability
may contribute to treating depressive and anxious symptoms
in ulcerative colitis.
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