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Background: An increasing amount of evidence suggests an association between increased
intestinal permeability and the pathogenesis of chronic inflammatory diseases. However, the
clinical significance of gut barrier dysfunction in psoriasis remains to be established.
Objective: To evaluate whether there are differences in disease activity, the severity of
gastrointestinal symptoms and the blood concentration of bacterial metabolites in psoriatic
patients with a normal and altered intestinal barrier.
Patients and Methods: Gut barrier integrity was assessed with the serum concentrations of
claudin-3, a modulator of intestinal tight junctions and an intestinal fatty acid-binding
protein, a marker of enterocyte damage. Gastrointestinal symptoms were evaluated with
a validated questionnaire. The concentration of trimethylamine N-oxide (TMAO), a gut
microbiota-associated metabolite, was measured with high-performance liquid
chromatography.
Results: One hundred and fourteen patients with psoriasis were finally enrolled in the
study – 68 with an altered gut barrier and 46 with a properly functioning intestinal barrier.
Patients with an altered gut barrier showed a significantly higher score in the Gastrointestinal
Symptom Rating Scale (3.20 vs 1.46, p<0.001). Moreover, patients with psoriasis and
a disrupted intestinal barrier demonstrated a higher disease activity (PASI: 19.7 vs 10.3,
p<0.001) and systemic inflammatory parameters (neutrophil-to-lymphocyte ratio: 2.86 vs
1.71, p<0.001; C-reactive protein 3.76 vs 1.92; p<0.05). The marker of bacterial transloca
tion was significantly higher in psoriatic patients with damaged gut integrity (TMAO: 375.7
±51.9 vs 119.4±27.5 ng/mL; p<0.05).
Conclusion: The altered gut barrier in psoriasis is associated with gastrointestinal symp
toms, systemic inflammatory profile and the increased blood concentration of gut microbiotaderived metabolite – TMAO. Intestinal barrier modulation represents a new promising
therapeutic approach.
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Psoriasis is a chronic, immune-mediated disease that affects the skin and exerts
multiple systemic effects.1 Increasing evidence suggests that disturbances within the
gut microbial composition, their metabolic products and intestinal permeability may
exacerbate pathophysiologic pathways in a number of inflammatory disorders.2,3 An
altered gut barrier allows the translocation of luminal contents into the underlying
tissues and then into the circulation.4 An increased passage of bacterial components
(lipopolysaccharide, DNA, toxins), which are potent pro-inflammatory triggers, results
in local and (or) systemic immune response with potential clinical implications.5
Emerging data indicated that such a chronic low-grade inflammation was the hallmark
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of psoriasis and its related comorbidities, such as obesity,
insulin resistance, atherosclerosis and nonalcoholic fatty
liver disease.6,7
Gut microbiota profiling in psoriasis confirmed signifi
cant alterations in its biodiversity and composition.8
Several studies assessed the intestinal barrier in psoriasis
by measuring the plasma concentrations of intestinal fatty
acid-binding protein (a marker of enterocyte damage),9,10
zonulin (a protein that specifically and reversibly regulates
intestinal permeability),11,12 claudin-3 (a component of
tight junctions),13,14 lipopolysaccharide (a bacterial
endotoxin)12,15 and bacterial DNA.16,17 However, the
results were heterogeneous, with some patients presenting
significantly affected intestinal integrity, and others show
ing a properly functioning gut barrier.
Therefore, the aim of our study was to compare those
two groups of patients in order to establish the clinical
significance of altered intestinal barrier in psoriasis. The
specific objectives were as follows: (a) to determine whether
there are differences in disease activity between psoriatic
patients with a normal and damaged intestinal barrier, (b)
to investigate the presence and severity of gastrointestinal
symptoms among psoriatic patients with altered gut integrity,
(c) to evaluate the blood concentration of trimethylamine
N-oxide (TMAO), a gut microbiota-associated metabolite,
depending on the function of the intestinal barrier.

Patients and Methods
Study Participants
A prospective cohort of 120 patients between 18 and 60
years of age, with chronic plaque psoriasis qualified for
systemic treatment or phototherapy, was enrolled in the
study between January 2018 and December 2018 in
a tertiary referral dermatological center (Department of
Dermatology, Medical University of Warsaw, Warsaw,
Poland). The exclusion criteria were as follows:
1. Acute infection during the last 3 months prior to the
study.
2. The intake of the potential modifiers of gut micro
biota or intestinal integrity (prebiotics, probiotics,
antibiotics, antifungal agents, proton pump inhibi
tors) within the previous 3 months.
3. Medications altering gastrointestinal passage (laxa
tive or antidiarrheal drugs) within 3 months before
the enrollment.
4. Dietary restrictions during the last 3 months.
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5. A history of chronic gastrointestinal diseases
(inflammatory bowel diseases, irritable bowel syn
drome, celiac disease, diverticular disease, food
allergies).
6. A history of gastrointestinal surgery during the last
6 months.
7. Phototherapy, biologics or conventional systemic
therapies for psoriasis during the last 3 months.
8. Acute or chronic liver, renal and cardiovascular
disorders.
9. A history of malignancy.
10. Drug or alcohol abuse.
11. Pregnancy and the period of breastfeeding.

Clinical and Laboratory Procedures
The patients underwent a thorough physical examination,
whole blood count, C-reactive protein, lipid profile, liver
and kidney function tests. Disease severity was determined
with the Psoriasis Area Severity Index score (PASI).
Endoscopy, abdominal ultrasonography, computed tomo
graphy, serum or fecal analyses were performed to exclude
an organic disease of the gastrointestinal tract, if indicated.
The blood was collected once after an overnight fast.
Blood samples were centrifuged at 4000 rpm (1500 g) for 10
min. within 15 min. of sample collection. The plasma was
subsequently collected and frozen at −80°C to be analyzed
later.

Intestinal Barrier Assessment
Gastrointestinal barrier integrity was assessed via the mea
surement of serum claudin-3 (CLDN-3) and intestinal fatty
acid-binding protein (I-FABP) with the use of the com
mercially available enzyme-linked immunosorbent assay
(ELISA) kits (EIAab, Wuhan, China).9,13,14
Based on biomarker concentrations, the participants
were allocated into two groups: with disrupted gut barrier
and with properly functioning gut barrier. Patients were
considered as having a disrupted gut barrier with CLDN-3
over 49.4 ng/mL and I-FABP over 412.3 pg/mL. Those
cut-off values were defined as the mean concentration with
two standard deviations and based on the results of healthy
subjects published in our previous studies.9,13,14

Evaluation of TMAO Concentration
The blood plasma concentration of TMAO was determined
using liquid chromatography coupled with triple-quadrupole
mass spectrometry as previously described.36,37 The limit of
quantification for TMAO was 20.3 ng/mL.
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Gastrointestinal Symptoms
The occurrence of gastrointestinal symptoms was evaluated
with the Gastrointestinal Symptoms Rating Scale (GSRS).
The GSRS is a reliable and validated questionnaire that
utilizes a seven-level Likert scale (1–7), depending on the
intensity and frequency of symptoms experienced during the
previous week. A higher score mainly indicates inconvenient
symptoms. Sixteen questions are clustered into five domains:
reflux, abdominal pain, indigestion, diarrhea and
constipation.38,39 Patients completed the questionnaire before
blood collection. By the time of the final analysis, the results
of the questionnaire were blinded to the investigators.

Ethical Statement
All participants gave their written informed consent before
entering the study. The study was conducted in accordance
with the Helsinki declaration and the protocol approved by
the institutional Ethics Committee (Medical University of
Warsaw, Warsaw, Poland).

Statistical Analysis
The Shapiro–Wilk test was used to assess the normality of
distribution. The categorical variables were summarized as

frequencies and percentages and were compared with a chisquare test. The continuous variables were not normally dis
tributed. Therefore, they were presented as medians with
interquartile ranges (IQR). The non-parametric Mann–
Whitney U-test was applied to compare differences between
the groups.
All statistical analyses were performed with
STATISTICA 13 software (StatSoft, Inc., USA). The
p value of <0.05 was considered statistically significant.

Results
One hundred and fifty patients with psoriasis were initially
included in the study. According to the exclusion criteria, 24
of them could not participate. The subjects were 20- to 60year-old (mean age 43.7±14.1) men (n=87) and women
(n=39) with the disease duration ranging from 6 months to
35 years. Based on the adopted cut-off values for CLDN-3
and I-FABP, 68 patients were qualified to the group with an
altered intestinal barrier and 46 to the group with a properly
functioning intestinal barrier. Twelve patients were excluded
due to the inconsistent result of gut integrity biomarkers.
Table 1 describes the anthropometric characteristics,
clinical data and laboratory findings of the psoriatic

Table 1 Anthropometric, Clinical and Laboratory Data of Patients with Psoriasis According to Normal and Altered Intestinal Barrier
Normal Gut Barrier (n=46)

Altered Gut Barrier (n=68)

P-value

Age (years)
Men, n (%)

42.6±14.2
31 (67.4%)

45.2±13.5
48 (70.6%)

0.427
0.803

Body mass index, kg/m2

28.5 [24.7–31.2]

31.1 [25.1–34.9]

0.218

PASI score
Psoriasis duration (years)

10.3 [6.3–12.7]
10.1 [5.0–19.0]

19.7 [16.7–21.1]
9.7 [6.0–17.0]

<0.001
0.568

Hypertension

9 (19.6%)

17 (25.0%)

0.498

Psoriatic arthritis
NAFLD diagnosed on ultrasonography

11 (23.9%)
27 (58.7%)

19 (27.9%)
49 (72.1%)

0.632
0.138

Active smoking

14 (30.4%)

32 (47.1%)

0.076

Alcohol (U/week)
Neutrophil-to-lymphocyte ratio

5.0 [0–14.0]
1.71 [1.47–2.04]

6.5 [0–19.0]
2.86 [2.20–4.42]

0.463
<0.001

C-reactive protein (mg/L)

1.92 [0.70–3.60]

3.76 [2.35–5.67]

<0.05

Creatinine (mg/dL)
eGFR (mL/min/1.73 m2)

0.83±0.17
139.4±42.7

0.83±0.18
147.1±67.5

0.927
0.489

Total cholesterol (mg/dL)

173.1±39.7

182.1±31.3

0.319

LDL cholesterol (mg/dL)
HDL cholesterol (mg/dL)

102.8±34.3
45.0 [40.0–52.0]

111.4±28.9
42.0 [39.0–45]

0.281
0.143

Triglycerides (mg/dL)

123.4±51.8

140.9±56.7

0.203

ALT (IU/L)
AST (IU/L)

26.5 [22.0–32.0]
21.0 [20.0–29.0]

26.5 [19.0–39.0]
23.0 [20.0–32.0]

0.747
0.545

GGT (IU/L)

30.0 [23.0–41.0]

31.0 [18.0–45.0]

0.809

CLDN-3 (ng/mL)
I-FABP (pg/mL)

44.5 [42.3–47.0]
184.8 [72.5–265.0]

54.1 [51.2–58.0]
899.7 [632.9–1320]

<0.001
<0.001

Abbreviations: PASI, Psoriasis Area Severity Index; NAFLD, nonalcoholic fatty liver disease; eGFR, estimated glomerular filtration rate; AST, aspartate aminotransferase;
ALT, alanine aminotransferase; GGT, gamma-glutamyl transferase; CLDN-3, claudin-3; I-FABP, intestinal fatty acid-binding protein.
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Table 2 Gastrointestinal Symptom Rating Scale (GSRS) in
Patients with Psoriasis According to Normal and Altered
Intestinal Barrier
Normal Gut
Barrier (n=46)

Altered Gut
Barrier (n=68)

P-value

Total
Reflux

1.46 [1.07–1.67]
1.50 [1.00–2.00]

3.20 [2.53–3.67]
2.50 [1.50–3.00]

<0.001
<0.001

Abdominal pain

1.33 [1.00–1.67]

3.00 [2.33–3.67]

<0.001

Indigestion
Diarrhea

1.75 [1.25–2.00]
1.33 [1.00–1.67]

4.00 [2.75–5.00]
2.33 [1.33–3.00]

<0.001
<0.001

Constipation

1.33 [1.00–1.67]

3.00 [1.67–4.00]

<0.001

Discussion

patients with an altered and normal gut barrier. No statis
tically significant differences were observed for age, sex
and BMI between the groups. The patients with psoriasis
and an altered intestinal barrier demonstrated a higher
disease activity assessed with the PASI score (19.7
[16.7–21.1] vs 10.3 [6.3–12.7]; p<0.001). Compared to
the patients with a normal barrier, those with altered
intestinal integrity also had the higher values of systemic
inflammation biomarkers, i.e. neutrophil-to-lymphocyte
ratio; NLR (2.86 [2.20–4.42] vs 1.71 [1.47–2.04];
p<0.001) and C-reactive protein (CRP) concentration
(3.76 [2.35–5.67] vs 1.92 [0.70–3.60]; p<0.05).
As for the GSRS scores, both groups showed signifi
cant differences (Table 2). The patients with an altered gut
barrier had a higher total score in the GSRS (3.20 [2.53–
3.67] vs 1.46 [1.07–1.67]; p<0.001), as well as in indivi
dual values for particular sections.
Figure 1 presents TMAO concentration in the serum of
psoriatic patients with a normal and altered gut barrier.

Figure 1 Plasma concentration of trimethylamine N-Oxide (TMAO) in psoriatic
patients with normal and altered gut barrier (*p<0.05).
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The latter group had a significantly higher circulating level
of this bacterial metabolite (375.7±51.9 vs 119.4±27.5 ng/
mL; p<0.05).

Several studies previously revealed increased intestinal per
meability in patients with psoriasis.12,14 However, the clin
ical significance of this phenomenon still remains unclear.
To our knowledge, it is the first study that evaluates disease
activity, self-reported gastrointestinal symptoms and TMAO
concentration in patients with psoriasis according to the
presence of a normal or altered gut barrier.
We found that psoriatic patients with an altered gut bar
rier experienced gastrointestinal symptoms much more fre
quently and intensely. Their results obtained in the GSRS
were significantly higher in the total score as well as for
individual symptom domains. Gastrointestinal symptoms
are quite common among patients with psoriasis. Feldman
et al conducted an online-based survey and found that several
gastrointestinal signs and symptoms (pain, abdominal bloat
ing, diarrhea, mucus in stool, blood in stool, and uninten
tional weight loss) were more prevalent in the respondents
with moderate-to-severe psoriasis.18 However, literature
sources regarding the relationship between gastrointestinal
symptoms and increased gut permeability are scarce. So far,
gastrointestinal symptoms have been found to be associated
with the biomarkers of a disrupted gut barrier in the elderly,19
after intensive exercise20 and in patients with irritable bowel
syndrome.21 Impaired gut integrity may facilitate the trans
location of luminal content to the inner layers of the intestinal
wall and lead to a local immune response. The low-grade
inflammation in the intestinal mucosa alters gastrointestinal
reflexes and activates the visceral sensory system, subse
quently promoting the occurrence of gastrointestinal
symptoms.22 Patients with psoriasis and psoriatic arthritis
presented the signs of subclinical gut inflammation reflected
by an increased fecal calprotectin concentration, without the
clinical and endoscopic features of inflammatory bowel
diseases.23
A higher disease activity and systemic inflammation are
other characteristic features of an altered intestinal barrier in
patients with psoriasis. It is unknown whether increased gut
permeability is an early event in the pathogenesis of psoriasis
or the consequence of the disease. Previous findings indi
cated a correlation between intestinal integrity biomarkers
and the PASI score or an inflammatory state, reflected by an
increased CRP concentration and neutrophil-to-lymphocyte
ratio.9,13 The loss of barrier function allows the translocation
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of bacterial antigens into the circulation, where they may
contribute to immune activation and act as a trigger of
psoriasis exacerbation. The increased blood concentration
of lipopolysaccharide, an endotoxin derived from Gramnegative bacterial cell walls and a strong proinflammatory
molecule, was confirmed in psoriatic patients.12,15 Cell-free
bacterial DNA was also identified in the blood of patients
with psoriasis.16,17 Nucleotide sequencing indicates that the
detected DNA fragments correspond to the microbiota com
monly found in the gastrointestinal tract.
Not only antigens but also bacterial metabolites translo
cating to the systemic circulation might be crucial in the
interactions between gut microbiota, a compromised intest
inal barrier, gastrointestinal symptoms and psoriasis activity.
Trimethylamine N-oxide is one of the most intensively stu
died gut-microbiome-derived metabolite in the recent
years.24 Dietary L-carnitine, choline and lecithin are meta
bolized by the intestinal microbiome to trimethylamine
(TMA), which is subsequently absorbed and converted into
TMAO in the liver by flavin-containing monooxygenase 3.25
An increased circulating TMAO concentration was demon
strated to activate pro-inflammatory signaling pathways and
positively correlate with cardiovascular risks.26,27 A high
TMAO concentration was linked to several psoriasis comor
bidities, i.e. obesity,28 hypertension,29 metabolic
syndrome,30 nonalcoholic fatty liver disease31 and insulin
resistance.32 Before our study was conducted, TMAO levels
had not been assessed in psoriasis, although its concentration
correlates significantly with skin and joint involvement in
patients with psoriatic arthritis.33 According to some authors,
it was not TMAO itself, but rather its precursor – TMA which
was responsible for the observed disorders and TMAO as the
product of oxygenation was a biomarker of the increased
intestinal translocation of TMA.34,35
We hypothesize that TMAO or TMA translocation in
the presence of an altered intestinal barrier is a potential
mechanism linking gut dysbiosis to the immune activation,
influence on disease activity and/or the development of
psoriasis comorbidities. The modulation of the gut micro
biota, the reinforcement of the intestinal barrier or direct
TMAO inactivation may thus become an important target
in the prevention and treatment of psoriasis.

Conclusion
In the present paper, we demonstrated that an altered gut
barrier in psoriasis is associated with gastrointestinal
symptoms, systemic inflammatory profile and the
increased blood concentration of gut microbiota-derived
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metabolite – TMAO. The findings provide an important
basis for future studies to investigate how to optimally
modify the gut microbiome and intestinal barrier in order
to beneficially influence psoriasis with its comorbidities.

Abbreviations
TMAO, trimethylamine N-oxide; PASI, Psoriasis Area
Severity Index score; CLDN-3, claudin-3; I-FABP, intest
inal fatty acid-binding protein; ELISA, enzyme-linked
immunosorbent assay; GSRS, Gastrointestinal Symptoms
Rating Scale; IQR, interquartile ranges; BMI, Body Mass
Index; NLR, neutrophil-to-lymphocyte ratio; CRP,
C-reactive protein; TMA, trimethylamine.
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