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a b  s  t  r a  c t

Background: Altered intestinal permeability  and  low-grade  chronic  inflammation  disrupt the  integrity  of
the  blood–brain barrier (microbiota–gut–brain  axis),  probably playing  a  role  in the  pathophysiology  of
schizophrenia-spectrum  disorders. However,  studies  assessing  the  microbiota–gut–brain  axis  are  incon-
sistent.  This  article describes the  rationale,  objectives, protocol,  and  presents  descriptive  results  for  a  new
project.
Methods:  The sample of this  study came  from  an observational,  cross-sectional  and multisite study includ-
ing  four  centers  in Spain  (PI17/00246)  recruiting  adult  patients  with  DSM-5 schizophrenia-spectrum
disorders  at any stage of the disease.  The  aims of the project  are  to  assess the  interrelation  between
intestinal  permeability  and  low-grade chronic  inflammation in schizophrenia-spectrum  disorders and
the  role of peripheral  biomarkers,  diet, exercise, metabolic  syndrome, disease  severity  and functioning  as
well  as  cognition.  Assessments included  the  following variables:  (1)  anthropometric, (2) intestinal  per-
meability,  diet,  and physical exercise,  (3) clinical  and  functional,  (4) neuropsychological  and  cognitive
reserve,  and (5)  peripheral biomarkers from blood.
Results:  A total  of 646  patients were  enrolled  (257,  39.7%  female). Mean age was 43.2  ±  13.6  years,  ill-
ness duration  15.1  ± 11.5  years.  55.8% consumed tobacco.  Positive  PANSS  score was  13.68 ± 6.55,  and
20.38  ± 8.69  in the  negative symptoms. CGI  was 4.16  ± 2.22  and  GAF was 60.00  ± 14.84.
Conclusion:  The  results obtained  by this  project  are  expected  to contribute toward  the  understanding
of  the  physiopathology  of schizophrenia-spectrum  disorders.  This  will likely aid to personalize  treat-
ments in real-world  clinical  practice, potentially including variables related  to intestinal  permeability
and  inflammation.
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Background

Low-grade chronic inflammation is  present in the pathophys-
iology of numerous chronic conditions, such as obesity, cancer,
diabetes, cardiovascular diseases and neurodegenerative patholo-
gies (Castro, Macedo-de la Concha and Pantoja-Meléndez, 2017).
In the latest years, the role of inflammation in  mental disorders
has become more and more clear,1 especially in schizophrenia-
spectrum disorders.2–6

Common key elements of this low-grade systemic inflam-
mation among different chronic pathologies include elevation
levels of proinflammatory cytokines5,7 and macrophage infiltra-
tion in peripheral tissue.8 The production of these molecules
by adipocytes, coupled with the destruction of these cells,
induces the inflammation to become chronic, and influences other
systems by altering their functions, which leads to different dis-
eases, such as insulin resistance, metabolic syndrome,9 diabetes,
and cardiovascular atherosclerosis.10 These diseases, especially
metabolic syndrome and type-2 diabetes, are highly comorbid
with schizophrenia-spectrum disorders,11,12 with cardiovascular
disease being the most important cause of premature mortality
among these patients.13

Apart from the role of low-grade chronic inflammation in the
pathophysiology of chronic conditions, its main causes are related
to a lifestyle discordant with our physiological needs, such as phys-
ical inactivity, obesity (visceral adiposity), chronic stress,14 vitamin
D deficiency, pollution, tobacco use, unhealthy/hypercaloric diet,15

oxidative stress, alterations in the intestinal microbiota, and altered
intestinal permeability “leaky-gut”.16–19

There is increasing evidence of the importance of the intesti-
nal barrier and its permeability in relation with (mental) health
conditions.20,21 The destruction of epithelial tight junctions
between mucosal cells in the intestinal lumen leads to  disruption
of the intestinal barrier (permeable intestine or  leaky-gut), which
in turn leads to  penetration of antigens and other inflammatory
substances into the circulatory system, and thus to activation of the
immune system and an immune response.22 Cytokines such as TNF
and IL-6 increase the permeability of brain microvascular endothe-
lial cells. This low-grade inflammatory state may, in turn, alter
the blood–brain barrier’s integrity,23 leading to decreased central
nervous system protection and increased permeability of proin-
flammatory (e.g., cytokines, reactive oxygen species) substances
from the peripheral blood into the brain.18 There is  accumulating
evidence on the close bidirectional relationship between the gut
microbiota and the brain, the microbiota–gut–brain (MBG) axis,
involving the nervous, hormonal, and immune systems,24,25 with
the gut bacteria strongly regulating this axis.26,27 Several stud-
ies have examined the relationship between the gut environment
and various neuropsychiatric diseases, especially schizophrenia-
spectrum disorders.28–30 The most involved factors of the MGB  axis
in the development of schizophrenia-spectrum disorders include
alterations in the intestinal microbiota and leaky-gut syndrome.28

There is evidence of an increase in inflammation markers in the
intestinal mucosa in  schizophrenia-spectrum disorders.21,31–33,34

However, the results assessing gut permeability in  schizophrenia-
spectrum disorders are inconsistent,31,32,35 which may  be due
to the difference in the methods used.36 Recent studies showed
an abnormally increased gut permeability in patients with
schizophrenia-spectrum disorders compared to healthy controls,
and also that gut permeability may  be related to the cognitive
and cellular immunity function of patients with schizophrenia.35

Another recent study adds evidence to these findings suggesting a
direct mechanistic link (and potential therapeutic target) between
abnormal microbiota and cognitive alterations in schizophrenia-
spectrum disorders (Thirion et al., 2023).37

Moreover, sex-related differences in schizophrenia-spectrum
disorders have been found in several domains, including clin-
ical and functional status,38 but also inflammatory39–41 and
metabolic-related parameters42 in  association with psychopatho-
logical symptoms.43 To our knowledge, sex related-differences in
intestinal permeability and their interplay with inflammation in
schizophrenia-spectrum disorders have not yet been studied.

Low-grade chronic inflammation in  patients with
schizophrenia-spectrum disorders has also been associated
with comorbid cardio-metabolic medical conditions,12,44 which
result from an interaction of heritable factors and environmental
influences, including drug treatment.45 Growing evidence suggests
that a  low-grade inflammatory state is present before the first
psychotic symptoms, which may  ease the first psychotic event
in individuals with genetic vulnerability.46 During the course of
the psychotic illness, this low-grade chronic inflammation may
worsen the illness course through facilitating the development
of comorbidities,47 which in  turn may  increase the inflammatory
state. Also, unhealthy behaviors derived and associated with
schizophrenia, such as smoking, poor nutrition, and physical
inactivity, aggravate this vicious circle. Furthermore, antipsy-
chotics have an impact on inflammation, particularly cytokine
levels.48 Antipsychotic agents might exert different effects on  the
immune system, exhibiting both direct anti-inflammatory activity
and indirect pro-inflammatory activity, mediated by their effect
on weight-gain and increased adiposity.49 Alteration of these
immune markers has been implicated in  the pathophysiology of
schizophrenia-spectrum disorders.50,51 Cause or  consequence, all
the prior influence and are influenced by intestinal microbiotal
unbalance and altered intestinal permeability.28

In  fact, many of the risk factors for the development of
schizophrenia-spectrum disorders (including early-life stress,52,53

inflammation, exposure to toxoplasma gondii, gluten sensitivity,
etc.) can be linked through a common origin in the gastrointesti-
nal tract, thus affecting the gut microbiome and leading to leaky
gut.20,28,54 So far, there are few non-invasive markers of intestinal
permeability, which have not been studied in  schizophrenia-
spectrum disorders (i.e. lipopolysaccharides (LPS) and LPS-binding
protein (LBS),55 zonulin,56 citruline,57 and intestinal fatty-acid
binding protein (I-FABP)58).

To our knowledge, no study has been conducted to examine the
relationship between low-grade chronic inflammation and gut per-
meability in schizophrenia using the aforementioned biomarkers.
Studying the impact and interrelation of low-grade chronic inflam-
mation and intestinal permeability is necessary to understand the
physiopathology of schizophrenia-spectrum disorders. This article
describes the rationale, objectives, protocol, and presents descrip-
tive results of a new project in this line.

Material and methods

Study design and objectives

The sample of this study (N◦ PI17/00246, PI  Belen Arranz) came
from an observational, cross-sectional and multisite study includ-
ing four centers in  Spain: Hospital Clínic de Barcelona, University
Hospital Mutua Terrassa, Hospital Parc Sanitari Sant Joan de Déu,
and Mental Health Centers La Eria and La Corredoria, Oviedo. The
aims of the project are:

1)  To assess the state of intestinal permeability in patients with
schizophrenia-spectrum disorders throughout the combination
of 5 factors: tobacco or alcohol use, pharmacological drugs, diet,
altered vitamin A  and D, and evaluation of the intestinal perme-
ability (state of the tight-junctions).59
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2) To identify the consequences of a  high intestinal permeability
with the determination of serum inflammatory biomarkers, glu-
cose metabolism, one-carbon metabolism, metabolic syndrome,
vitamin D and A concentrations, lead metabolism, oxidative
stress biomarkers and presence of systemic inflammatory dis-
eases.

3) To assess the interrelation between intestinal permeability,
chronic inflammation, metabolic syndrome, and lifestyle habits
including diet factors.

4) To assess the interrelation between intestinal permeability
and chronic inflammation with disease severity, including psy-
chopathological status, and patient’s functionality.

5) To assess the interrelation between lifestyle habits, including
diet factors, with the severity of the disease.

6) To assess the role of cognition and cognitive reserve in  the
interplay between intestinal permeability, chronic inflamma-
tion, diet, lifestyle habits, drug use, disease severity, functioning,
pharmacological treatments, and peripheral biomarkers.

Sub-analyses will be performed in order to  assess potential
sex-related differences for the former aims, and also potential dif-
ferences between diagnostic groups (i.e. first-episode psychosis
and schizoaffective disorder).

Sample

A total of 646 adult patients with DSM-5 (Diagnostic and Sta-
tistical Manual of Mental Disorders)60 schizophrenia-spectrum
disorder at any stage of the disease have been included.

The inclusion criteria for patients were: (1) adults over 18
years of age; (2) ability to speak Spanish correctly; and (3) signed
informed consent. Exclusion criteria were: (1) history of head
trauma with loss of consciousness and (2) organic disease with
mental repercussions; (3) presence of an acute inflammatory pro-
cess: (3.1) fever (>38 ◦C) or infection in the two weeks prior to the
baseline interview, or (3.2) have received vaccinations in the past
4 weeks.

This study was conducted in accordance with the ethical prin-
ciples of the Declaration of Helsinki and Good Clinical Practice and
the Ethics and Research Boards from all recruiting centers. All  par-
ticipants provided written informed consent prior to their inclusion
in the study.

Assessment

Sociodemographic assessment

The following sociodemographic variables were collected:
age, gender and drug misuse habits, years of illness duration,
first-degree relatives with schizophrenia-spectrum disorder and
diagnoses. Diagnostic was determined according to the diagnostic
criteria of DSM-5.

Anthropometric assessment

Anthropometric measurements included weight, height, body
mass index (BMI), body circumference, blood pressure and per-
centage of fat mass and lean body mass measured by bioelectrical
impedance scale.

Intestinal permeability, diet, and physical exercise assessment

Lifestyle habits were assessed with the Mediterranean Diet
Adherence Screener (MEDAS),61,62 a  validated questionnaire of
Mediterranean diet adherence consisting of 14-items (intake and
amount of extra-virgin olive oil, frequency of fruit, vegetables,
nuts, legumes, red meat, poultry, fish, animal fat, sweetened bev-
erages, sweets and fried food), used in the Prevención con Dieta
Mediterránea (PREDIMED) study.63 MEDAS score was  calculated

by assigning a score of 1 and 0 for each item. The Short Scale of
Physical Activity (IPAQ)64 assesses specific types of  activity such
as walking, moderate-intensity activities and vigorous intensity
activities. Frequency (measured in days per week) and duration
(time per day) are collected separately for each specific type of
activity. Continuous Score IPAQ results are expressed as MET-
min  per week and calculated by multiplying the MET  assigned
to it (vigorous—8 MET, moderate—4 MET  and walking—3.3 MET)
by the number of days it was  performed during a  week, where
MET  corresponds to O2 consumption during the rest and equals
3.5 mL  O2/kg of the body mass per minute. Finally, a questionnaire
from the symptoms of permeable-intestine-syndrome was created
and administered to  each patient. The questionnaire consisting of
19 items, using 4-point Likert scale ranging from 0 “never” to  3
“everyday”, included questions about the presence or absence of
chronic diarrhea, constipation, or bloating, fatigue, headaches, diffi-
culty concentrating, skin problems, such as acne, rashes, or  eczema,
asthma, food allergies, use of non-steroid anti-inflamatory drugs or
antibiotics, gluten or lactose intolerance, probiotic use, joint pain or
widespread inflammation. Higher scores indicate higher severity of
permeable intestine syndrome.

Clinical and functional assessment

A psychopathological assessment was  carried out with the
Spanish version of the Positive and Negative Syndrome Scale
(PANSS)65 and the Clinical Global Impression-Severity (CGI-S).66

Higher scores indicate greater severity.
The functioning level was assessed by Global Assessment of

Functioning (GAF).67 It  is  a  scale used to  assess the severity of  symp-
toms and the level of functioning, on a  numeric scale from 1  to  100.
Higher scores indicate better functioning.

Neuropsychological and cognitive reserve assessment

To assess cognitive impairment the Screen for Cognitive Impair-
ment in Psychiatry (SCIP)68 has been administered. It has five
subtests for evaluating immediate (VLT-I) and delayed verbal learn-
ing (VLT-D), working memory (WMT), verbal fluency (VFT), and
processing speed (PST). The range score goes from 0 to 30 in VLT-
I, 0–24 in  WMT,  ≥0 in VFT, 0–10 in VLT-D and 0–30 in PST. In all
neurocognitive domains higher scores correspond to better perfor-
mance.

To assess cognitive reserve (CR), the Cognitive Reserve Assess-
ment Scale in Health (CRASH) was  used.69 It has showed optimal
psychometric properties and it has been demonstrated to be a  valid
tool to assess CR. The scale’s maximum total score is  90. Higher
score in this scale indicate greater CR.

Blood collection

Two  tubes of 10 mL  of peripheral blood from all participants
were collected. Either plasma or serum was separated from the
blood cells by centrifugation. An aliquot of the collected samples
was frozen at −80 ◦C until further specific analyses.

Inflammatory markers

A complete blood analysis was  performed, including the
analytical parameters reported in Table S1.  Inflammatory param-
eters included C-reactive protein, white cells and platelets,
erythrocyte sedimentation rate (ESR), vitamin A, ferritin, trans-
ferrin, lipoprotein A, magnesium, fibrinogen, cortisol, prolactin,
folate, cyanocobalamin, homocysteine, immunoglobulin A, anti-
transglutaminase antibodies (ATA), toxoplasma immunoglobulins,
and apolipoproteins A and B.  Insulin resistance and metabolic syn-
drome were assessed using glucose, fasting insulin, Hemoglobin
A1c, triglycerides, LDL and HDL cholesterol, along with anthropo-
metric parameters.
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Intestinal permeability markers

Lipopolysaccharides (LPS), LPS-binding protein (LBS), citrulline,
zonuline, and intestinal fatty-acid binding protein (I-FABP) will be
measured as peripheral blood markers of bacterial translocation
and gut barrier dysfunction.

Statistical analyses

Descriptive analyses of the main variables were conducted to
characterize the study population, as shown in the Results section.
Categorical variables were expressed as absolute and relative fre-
quencies and quantitative variables were expressed using means
and standard deviations. Statistical Package for the Social Sciences
(SPSS v26) was used to  analyze data.

To reach the objectives of the project, Pearson Chi-square, and
Fisher’s exact test in contingency tables (�2), will be used to ana-
lyze categorical data. The level of significance will be set at p  ≤  0.05
(two-tailed). The General Linear Model (univariate) procedure will
be used to perform analysis of covariance (ANCOVA) applying a
logarithmic conversion of variables that do  not follow a  normal dis-
tribution. A factorial analysis will be carried out to determine the
combination of factors (including inflammatory markers) related
to the degrees (low, medium, high) of intestinal permeability. The
more significant variables will be extracted through dimension-
reduction techniques and multivariate analyses (such as principal
component analysis) will be carried out to determine how the
intestinal permeability predicts metabolic syndrome and the sever-
ity of disease. Multivariant linear regression models and logistic
regression models will be performed to assess the interrelation
between the aforementioned variables, intestinal permeability,
chronic inflammation, metabolic syndrome, diet factors, disease
severity, patient’s functionality, the severity of the diseases, cogni-
tion, and cognitive reserve. Sub-analyses excluding the population
taking anti-inflammatory drugs, probiotics or other drugs poten-
tially affecting the systemic inflammation status or the MBG  axis
will be performed.

Results

A total of 646 patients with schizophrenia-spectrum disorder
were enrolled in the study. 451 (69.7%) had schizophrenia, 112
(17.2%) schizoaffective disorder, and 83 (12.8%) first-episode psy-
chosis. A total of 257 (39.7%) were female with a  mean age of
43.19 ± 13.58 years (illness duration of 15.1 ±  11.5 years). A per-
centage as high as 55.8% consumed tobacco. Regarding clinical
status, patients obtained a  mean score of 13.68 ± 6.55 in the positive
PANSS and 20.38 ±  8.69 in  the negative PANSS subscale. The mean
CGI was 4.16 ± 2.22 (moderately ill) and GAF was 60.00 ± 14.84
(moderate difficulty in functioning). Table 1 provides a  summary
of the characteristics of the sample.

Discussion

In recent years, there is  growing interest in the study of the
MBG  axis as well as low-grade chronic inflammation in  men-
tal illness.23,70 As  mentioned in the introduction, the interaction
between leaky gut, systemic inflammation, their influence in  the
blood–brain barrier and the central nervous system, and their role
in the aetiopathogenesis of mental illness is  still not clear.16,28

Furthermore, the interplay between leaky gut-inflammation with
diet and lifestyle habits, drug use, disease severity and symptoms,
cognition and cognitive reserve71 has not been elucidated.26,29

In addition, the ideal biomarkers to  assess intestinal perme-
ability in a clinical setting are still under discussion,36 and the
most representative peripheral biomarkers to assess low-grade

Table 1

Characteristics of the sample (N = 646).

Sociodemographic variables

Age (M  ± SD) 43.19 ± 13.58
Sex: Females N  (%) 257 (39.7)
Illness  duration (years) 15.1 ± 11.5
First episode psychosis N (%) 83 (12.8%)
Schizophrenia N (%) 451 (69.7%)
Schizoaffective disorder N (%) 112 (17.2)
First-degree relative with schizophrenia: Yes N (%)  98 (22.0)
Tobacco use: Yes N  (%) 330 (55.8)
Cannabis use: Yes N  (%) 58 (12.0)
Alcohol  use:  Yes N (%) 97 (20.3)
Obstetric complications: Yes N  (%) 66 (15.9)

Anthropometric assessment (M ± SD)

Weight (kg) 81.0 ± 17.8
Height (m) 1.69 ± 0.1
Body mass index (kg/m2)  28.4 ± 5.8
Body circumference (cm) 100.4 ± 16.1

Intestinal permeability (M ± SD)

MEDAS 7.70 ± 2.18
Intestinal permeability scale 3.47 ± 2.48
IPAQ 1953.24 ± 2461.23

Clinical and functional variables (M ± SD)

PANSS positive 13.68 ± 6.55
PANSS negative 20.38 ± 8.69
PANSS general 32.10 ± 12.15
PANSS total 66.16 ± 24.19
CGI 4.16 ± 2.22
GAF 60.00 ±  14.84
Antipsychotic treatment

No 5 (0.8)
One 377 (59.0)
Two  257 (40.2)

Neurocognitive variables and cognitive reserve (M ± SD)

Immediate verbal learning 17.28 ± 5.27
Delayed verbal learning 15.00 ±  5.88
Working memory 13.49 ± 5.34
Verbal fluency 4.27 ± 2.67
Processing speed 7.78 ± 4.02
CRASH 30.53 ± 14.11

M:  mean; SD: standard deviation; N: number; kg: kilograms; m:  meters; cm:
centimeters; MEDAS: Mediterranean Diet Adherence Screener: Questionnaire of
Adherence to  Mediterranean Diet; IPAQ: Short Scale of Physical Activity; PANSS:
Positive  and Negative Syndrome Scale; CGI: Clinical Global Impression Scale; GAF:
Global Assessment of Functioning; SCIP: Screen for Cognitive Impairment in Psychi-
atry; CRASH: Cognitive Reserve Assessment Scale in Health.

chronic inflammation in schizophrenia are common to other med-
ical comorbidities,10,16 and are also influenced by psychotropic
medications,12 and intestinal permeability.27

The current project aims to generate knowledge to  shed
light on the aforementioned unsolved research questions. To our
knowledge, this will be the first study assessing the relation
among intestinal permeability, low-grade chronic inflammation,
peripheral biomarkers, clinical, functional and sociodemographic
variables, as well as diet and lifestyle in  a  large sample of patients
with a  schizophrenia-spectrum disorder.

In the coming articles, we expect to  show that (1) patients
with schizophrenia present altered intestinal permeability and
secondary low-grade chronic inflammation, which mediates
metabolic syndrome and other systemic inflammatory diseases.
(2) Inflammatory biomarkers are related to intestinal permeability,
Mediterranean-diet adherence, exercise and metabolic syndrome.
(3) Altered intestinal permeability is related to a  worse disease
severity and functionality and to more impaired cognition and
lower cognitive reserve. (4) High adherence with Mediterranean-
diet will be associated with less altered intestinal permeability and
secondarily to less inflammation markers and better functionality
in  schizophrenia.
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This project has many limitations. To start with, there is  no
control group. This is due to  the fact that peripheral analytical
parameters have reference (normal) values for the healthy pop-
ulation. Also, the external validity of the results is high due to
unrestrictive inclusion criteria and the main goal of the project is
not to compare a  population with healthy controls, but to estab-
lish the status of intestinal permeability in a specific population
and to find the most predictive factors for this quantification.
Moreover, an inherent limitation in  clinical and neuropsychological
assessments lies in the differences between observers. Therefore,
semi-structured clinical interviews were included and periodical
meetings were held to  reduce the differences between neuropsy-
chological assessors. Even the observational design brings certain
strengths to the project, there is a  wide variability in variables,
such as psychotropic medications, disease severity, or diet. Some
variables, such as cognition and intestinal permeability, can be
influenced by symptoms/drug treatment and diet respectively.
Notwithstanding, all the variables that were deemed to influence
the main outcomes have been registered and their effect will
be taken into account in the analyses, and the sample is large
enough as to perform sub-analyses to assess sex-related differ-
ences, differences in specific subpopulations (such as first episode
psychoses, schizoaffective disorder) or to  specific variables (such
as specific pharmacological treatments). The fact that the sample
is heterogeneous with broad inclusion criteria ensures that this
project includes people with schizophrenia representative from
our everyday clinical practice and that results derived may  be gen-
eralizable to a real-world setting.72 Despite the aforementioned
limitations, this is  an innovative project analyzing a large quantity
of clinical, functional,73 cognitive, lifestyle, and biomarker vari-
ables, which can allow for a  deeper understanding of the concept
of intestinal permeability and low-grade chronic inflammation
and their interplay in people with schizophrenia-spectrum disor-
ders.

In conclusion, the results obtained by  this project are hoped
to contribute toward the understanding of the physiopathology
of intestinal permeability and inflammation in schizophrenia-
spectrum disorders. This will likely aid to personalize treatments in
real-world clinical practice, potentially including variables related
to intestinal permeability and inflammation.
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