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Abstract

Background and Purpose: Emerging studies have shown that gut-derived endotoxins might play a role in intestinal and
systemic inflammation. Although the significance of intestinal permeability in modulating the pathogenesis of Schizophrenia
(SCZ) is recognized, not much data on the specific role of intestinal permeability biomarkers, viz., zonulin, lipopolysaccharide-
binding protein (LBP), and intestinal alkaline phosphatase (IAP) in SCZ is available. Therefore, we measured the plasma levels
of zonulin, LBP, and IAP and its correlation with neutrophil-to-lymphocyte ratio (NLR); a marker of systemic inflammation
in patients with SCZ.

Methods: We recruited 60 individuals, patients with SCZ (n = 40) and healthy controls (n = 20), from a large tertiary
neuropsychiatry center. Plasma levels of zonulin, IAP, and LBP were quantified by enzyme-linked immunosorbent assay.
Results: Plasma levels of both LBP and zonulin were significantly increased (P <0.05), whereas the IAP levels (P <0.05) were
significantly decreased in patients with SCZ compared to healthy controls. Pearson correlation analysis revealed that zonulin
and LBP had a significant positive correlation with NLR, and IAP negatively correlated with NLR. Individuals with SCZ had
higher independent odds of zonulin [odds ratio (OR): 10.32, 95% CI: 1.85-57.12], LBP [OR: 1.039, 95% ClI: 1.02—1.07], and
IAP [OR: 0.643, 95% CI: 0.471-0.879], even after adjusting for potential confounders.

Conclusion: Our study demonstrates an association of zonulin, LBP, and IAP in Asian Indian SCZ patients and correlates
with NLR. Our results indicate that low-grade inflammation induced by metabolic endotoxemia might be implicated in the
pathoetiology of SCZ.

Keywords

Zonulin, Lipopolysaccharide-binding protein, Intestinal alkaline phosphatase, Intestinal permeability, Inflammation,
Schizophrenia

Received 31 March 2022; accepted |8 May 2022

Introduction I Department of Neurochemistry, National Institute of Mental Health and
Neuro Sciences, Bengaluru, Karnataka, India

Schizophrenia (SCZ) is a complex neuropsychiatric condition 2 Department of Psychiatry, National Institute of Mental Health and Neuro

with heterogeneous manifestations, which causes substantial ~ Sciences, Bengaluru, Karnataka India

.y S . 3 Department of Integrative Medicine, National Institute of Mental Health

morbidity and premature mortality.! Although the median ) .

. X O K and Neuro Sciences, Bengaluru, Karnataka, India

incidence is low (15_-2 per 100,000), it is COHSldered‘One of 4 Department of Human Genetics, National Institute of Mental Health and

the significant contributors to the global burden of disease.?  Neuro Sciences, Bengaluru, Karnataka, India

Despite a serious social and economic burden, the underlying

mechanism of SCZ pathogenesis is not fully understood. ; ) )

S | environmental risk factors. immune mediators. and Kuppan Gokulakrishnan, Department of Neurochemistry, National

everg env . > u‘ o Institute of Mental Health and Neuro Sciences, Bengaluru, Karnataka
genetic determinants are associated with the risk and 540029, India.
pathogenesis of SCZ.3> Previous studies have reported on  E-mails: gokul@nimhans.ac.in; gokulnimhans@gmail.com

Corresponding author:

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-

Al NonCommercial 4.0 License (http://www.creativecommons.org/licenses/by-nc/4.0/) which permits non-Commercial use, reproduction and
distribution of the work without further permission provided the original work is attributed as specified on the SAGE and Open Access pages (https://
us.sagepub.com/en-us/nam/open-access-at-sage).



152

Annals of Neurosciences 29(2-3)

analyzing the human genome to identify the pathogenetic risk
factors of SCZ.3 However, the reported associations likely
account for only about 4% of the variance in SCZ.* The
currently available treatments do not completely address all
aspects of the disorder. They are associated with considerable
side effects, demanding to identify additional etiological
factors that are expected to provide new-biology insights into
the pathogenesis linked to SCZ and can aid in developing
improved treatment strategies.

Gut and metabolic dysbiosis are implicated in the etiology
of many nervous system diseases including SCZ mediated
through the microbiome-gut-brain axis.®’ Both preclinical
and clinical studies show potential associations among an
altered gut microbiome, increased intestinal permeability,
and mucosal damage in SCZ,# although the precise
mechanistic basis still needs to be understood. Changes in the
gut microbiota may compromise the integrity of the intestinal
tract and subsequently cause a higher translocation of
bacterial antigens such as endotoxin lipopolysaccharides
(LPS) into the peripheral circulation, referred to as
endotoxemia.” Endotoxemia has been demonstrated to
activate immunoinflammatory signalling and may potentially
lead to chronic diseases like SCZ.'* Genome-wide association
study by Ripke et al. substantiated the role of immune
dysfunction in SCZ.> Some of our earlier studies also
suggested a causative role of inflammation in SCZ."-12 This
emphasizes the need for further studies to investigate the role
of intestinal permeability biomarkers and their link with
inflammation, as assessed by neutrophil-to-lymphocyte ratio
(NLR), an indicator of systemic inflammation,!? in patients
with SCZ.

One of the important noninvasive biomarkers of intestinal
permeability is zonulin,'# a 47-kDa protein, secreted by the
intestinal epithelial cells increases intestinal barrier
permeability and possibly contributes to intestinal innate
immunity.’> Zonulin was reported to transactivate the
epidermal growth factor receptor possibly through the
proteinase-activated receptor-2, resulting in disassembly and
increased permeability of the tight junction’s function in the
cell.'® In addition, zonulin has shown to be involved in the
regulation of blood-brain barrier permeability, resulting in
neuroinflammation ~ and  neuroimmune  activation.!”
Furthermore, recent studies reported a higher level of zonulin
in SCZ and its implications for innate immune imbalance.'$:1?

Lipopolysaccharide-binding  protein (LBP) is an
endogenous reactive biomarker produced because of
microbial translocation.?® Studies have reported an association
of higher levels of LBP with systemic and intestinal
inflammation triggered by LPS and other bacterial products.?!
LBP functions as a lipid transfer protein and is shown to
copurify with high-density lipoprotein (HDL) particles.??
Studies have also demonstrated that LBP can counteract the
LPS effects by relocating the LPS to lipoproteins.?? Despite
increasing evidence that LBP plays a vital role in

cardiometabolic disorders,?? no studies so far have reported
the association between systemic levels of LBP and SCZ
patients who are more prone to develop cardiometabolic
abnormalities.

Accumulated literature reports that dysregulation of
intestinal alkaline phosphatase (IAP) is linked to altered gut
microbial homeostasis.>* IAP is expressed in the
gastrointestinal tract and it is shown to inhibit NFxB activation
and its translocation into the nucleus, thereby inhibiting the
expression of proinflammatory cytokines.?> IAP aids in
increasing mucosal tolerance to the resident gut bacteria by
preventing LPS-mediated inflammatory response.?® IAP
pretreatment was shown to prevent the deterioration of tight
junction protein expression. This effect possibly explains the
mechanism of abrogation of the LPS-induced barrier
dysfunction in vitro.?’

While zonulin levels are associated with intestinal
permeability, LBP and IAP are linked with microbial
homeostasis, an integrative hypothesis linking the functional
interactions and their relevance in a common central pathway,
i.e., inflammation in SCZ is needed. However, no studies in
the existing literature have comprehensively studied the
biomarker triggers of intestinal permeability/microbial
hemostasis that could contribute to the etiopathogenesis of
SCZ. Therefore, in this study, we aimed to examine the
relationships among zonulin, LBP, and IAP, and to correlate
with NLR in healthy controls and SCZ to see whether these
biomarkers levels are altered.

Methods

Patients with SCZ (n = 40) were recruited from the clinical
services of a large neuropsychiatric hospital, the National
Institute of Mental Health and Neuro Sciences (NIMHANS),
Bengaluru, in South India. For healthy controls (n = 20), we
used a commonly used model which has worked well in many
previous studies. We approached the staff of NIMHANS
working in different departments and explained to them the
proposed study and put forth our requirements. We also
requested the staff to pass on the study information to their
friends/relatives and inform us if anyone were interested in
participating in the study. We recruited the South Indian
population living in and around Bengaluru. Detailed
assessments were done to check if the participant met the
eligibility criteria. Detailed medical history (for comorbidities)
and PHQ9 (to check the mental health of the participant) were
recorded with the help of a psychiatrist during screening and
recruitment. Clinical diagnosis of SCZ (DSM-V) was carried
out using Mini-International Neuropsychiatric Interview
Plus?® with an independent evaluation and confirmation by
two psychiatrists. All the information related to the illness
was obtained from a first-degree relative of the patient.
Features suggestive of comorbid medical/neurological
diagnosis and substance dependence were ruled out by
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clinical examination. Psychotic symptoms were assessed by
the Scale for Assessment of Positive Symptoms (SAPS)?® and
the Scale for the Assessment of Negative Symptoms
(SANS).30 Of the 40 SCZ patients, 15 were drug-naive and 25
were on the antipsychotic drug (risperidone).

Individuals with any of the following conditions were
excluded: gastrointestinal disorders, organic brain disorder,
including cerebrovascular accident; traumatic brain injury,
epilepsy, loss of consciousness for more than 30 min; chronic
diseases including diabetes mellitus, kidney disease,
cardiovascular disease, stroke, and those on statins or aspirin
treatment; antibiotic or immune therapy within the last 3
months and prebiotic or probiotic treatment within the
previous 4 months; and inability to cooperate with study
procedures and pregnant or lactating women.

We confirm that all methods were carried out in
accordance with relevant guidelines and regulations.
Furthermore, we confirm that informed consent was
obtained from all the study participants, and all experimental
protocols were approved by the Institutional ethical
committee [IEC Approval No: NIMHANS/22"/IEC
(BS&NS DIV.)/2019]. Participants responded to interviewer-
administered questionnaires, were examined for body
measurements, and provided biospecimens.

Based on our pilot study on LBP, the mean + SD between
healthy controls and SCZ were 89.5 +25.3 ng/ml and 135.4 +
60.6 ng/ml, respectively. Based on this, the calculated total
sample size was 38 (19 in each group), which achieves the
power of 85% with a significance level (a) of 0.05. The total
sample size was rounded to 40 (20 in each group). Although
the required sample size for cases was 20, we have increased
the number of cases because of the availability of samples.

Anthropometric measurements including height, weight,
and waist circumference were obtained using standardized
methods and body mass index (BMI) was calculated as
weight (kg) divided by height (m) squared.

Blood samples were collected from study participants
using EDTA vacutainer tubes. 5 ml of blood was drawn
from each participant by a trained phlebotomist. Blood
tubes were quickly transported to the lab and centrifuged
at 3500 rpm for 10 min. Plasma was separated, labeled
appropriately, and stored in cryovials at —80°C until further
use. Fasting plasma glucose, serum cholesterol, serum
triglycerides, and HDL cholesterol were measured using
Cobas c501 Autoanalyser. Low-density lipoprotein (LDL)
cholesterol was calculated using the Friedewald formula.
The intra- and interassay coefficients of variation for the
biochemical assays ranged between 5% and 10%. All
measurements were performed in a laboratory, certified by
the National Accreditation Board for Testing and
Calibration of Laboratories, India. Complete blood count
was measured by Mindray BC-6200. NLR was calculated
as the ratio between neutrophils and total lymphocyte
counts (as a percentage) in the studied participants.

Zonulin, LBP, and IAP measurements [ELISA]

Zonulin, LBP, and IAP were measured in plasma samples by
commercially available enzyme-linked immunosorbent assay
(ELISA) kits. This ELISA kit uses the solid-phase sandwich
principle. The experiments were carried out according to the
manufacturer’s instructions. Standards and plasma samples
were pipetted into the precoated wells with a monoclonal
antibody specific for zonulin (CusaBio, Houston, TX, USA),
LBP (Elabscience, Houston, TX, USA), and IAP (CusaBio) so
that any zonulin, LBP, and IAP present would be bound to the
immobilized antibody. Subsequently, after washing any
unbound substances, an enzyme-linked polyclonal antibody
specific for zonulin, LBP, and IAP was added to the wells,
followed by the substrate solution for color development. The
intensity of color developed would be in proportion to the
amount of zonulin, LBP, and IAP bound in the initial step. The
color development was stopped with the stop solution, and the
intensity of the color was measured at 450 nm on a TECAN
multiplate reader. The intra- and interassay coefficient of
variation of the assay were <5 and <10%, respectively. All
samples for ELISA estimation were run in duplicates, and the
average value was taken for analysis for each biomarker.

Statistical Analysis

9 2

We used R software suite (v4.0) with “jmv,” “car,” and
“goplot2” packages for data analysis. Student’s t-test, Chi-
square test, or Fisher’s exact test were used to compare groups
for continuous variables and proportions. The correlation of
metabolic variables with zonulin, LBP, and IAP was done
using the Pearson correlation analysis. Multiple logistic
regression analysis was used to explore the association of
zonulin, LBP, and IAP with SCZ. Any anthropometric,
clinical, or biochemical characteristics that were significantly
different across groups were adjusted in the regression model.
For comparison of zonulin, LBP, and IAP among the study
participants, o and P values are set at 0.016 (0.05/3), and for
other exploratory analyses, P < 0.05 was considered as the
level of significance. Normality was checked by the
Kolmogorov—Smirnov test and parametric tests were
performed as the data was normally distributed.

Results

The clinical and biochemical parameters of the study
participants are reported in Table 1. A total of 60 individuals
were included in the study, of whom 50% (n = 30) were
males. There were no significant differences in BMI, systolic
and diastolic blood pressures, fasting plasma glucose, and
lipid profile among the two study groups. NLR, HDL
cholesterol, and cholesterol/HDL ratio were higher in patients
with SCZ (P <0.05) compared to healthy controls.
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Table I. Clinical and Biochemical Characterization of Study Subjects

Healthy Controls (n = 20) SCZ (n = 40)

Variables Mean SD Mean SD PValue
Age (years) 325 6.8 333 8.1 0.70
Male n (%) Il (55%) 19 (47.5%) 0.79
Body mass index (kg/m?) 253 53 234 55 0.20
Systolic blood pressure (mmHg) 122 13 116 14 0.08
Diastolic blood pressure (mmHg) 82 8 80 10 0.34
Age at onset (years) - - 31 8 -
Duration of untreated illness (in months) - - 17 16 -
Total SAPS - - 20 24 -
Total SANS - - 24 25 -
Fasting plasma glucose (mg/dL) 88 6 90 8 0.16
Total cholesterol (mg/dL) 160 30 177 46 0.16
Serum triglycerides (mg/dL) 122 36 153 70 0.07
Serum HDL cholesterol (mg/dL) 43 8 37 6 0.02*
Serum LDL cholesterol (mg/dL) 101 23 100 32 0.83
Serum VLDL cholesterol (mg/dL) 27 9 29 13 0.48
Cholesterol/HDL Ratio 39 1.0 4.9 1.8 0.01*
Hemoglobin (HB) (g/dl) 14 22 13 2.4 0.40
Red blood cells (RBC) (*million/ul) 5.0 0.4 5.0 0.6 0.65
White blood cells (WBC) (*1000/ul) 72 1.3 8.4 1.9 0.02*
Platelets (*1000/ul) 293 88 295 82 0.94
Lymphocytes (%) 34 6.4 27 6.1 0.00*
Monocytes (%) 6.0 1.2 53 1.3 0.09
Eosinophils (%) 35 2.7 3.6 3.2 091
Neutrophils (%) 55 6.2 64 7.8 0.00*
Neutrophil lymphocyte ratio (NLR) 1.7 0.5 2.6 0.9 0.00*

Abbreviations: SAPS: Scale for the Assessment of Positive Symptoms; SANS: Scale for the Assessment of Negative Symptoms; HDL: high density

lipoprotein; LDL: low density lipoprotein.

Note: *statistically significant.

Zonulin, LBP, and IAP were measured using ELISA across
all the study groups. Compared to mean zonulin levels in
healthy controls (1.4 + 0.58 ng/ml), zonulin levels were
approximately 59% higher in SCZ (3.4 £+ 1.3 ng/ml, P <0.05)
(Figure 1A). LBP levels were significantly (P < 0.01) higher
in SCZ (41%) compared to healthy controls (Figure 1B). The
mean IAP levels were lower in SCZ (11.4 £ 3.7 ng/ml,
P < 0.05) compared to the healthy controls (19 £+ 5.8 ng/ml)
(Figure 1C). To study the influence of gender on the
association of zonulin, LBP, and IAP with SCZ, study subjects
were categorized by gender. No significant differences in
zonulin, LBP, and IAP levels by gender were found in the
present study [data not shown].

Drug-naive (n = 15) and risperidone-treated SCZ patients
(n = 25) were comparable on demographic and biochemical
parameters. A separate analysis of drug-naive and risperidone-
treated SCZ patients revealed a similar trend in zonulin, LBP,

and IAP levels as in the total study patients, although it did
not reach statistical significance.

The Pearson correlation analysis revealed that zonulin
[» = 0.710, P = 0.00] (Figure 2a) and LBP [r = 0.48,
P =0.00] (Figure 2b) were positively correlated with NLR,
a marker of inflammation, and IAP [ = —0.63, P = 0.01]
negatively correlated with NLR (Figure 2¢). There was no
significant correlation between cross-sectional illness
severity (SAPS and SANS) and zonulin, LBP, and IAP.
Correlation values of the intestinal permeability markers
with other clinical and biochemical parameters are given in
Supplementary Figure 1.

Multiple logistic regression analysis was carried out using
SCZ as the dependent variable and zonulin, LBP, and IAP as
independent variables. As shown in Table 2, each standard
deviation increases in zonulin and LBP and each standard
deviation decrease in IAP were independently associated
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Figure 1. Compared to mean zonulin levels in healthy controls (1.4 + 0.58 ng/ml), zonulin levels were approximately 59% higher in SCZ
(3.4 £ 1.3 ng/ml, p<0.05) (1A). LBP levels were significantly (p<0.01) higher in SCZ (41%) compared to healthy controls (IB). The mean
IAP levels were lower in SCZ (1 1.4 = 3.7 ng/ml, p<0.05) compared to the healthy controls (19 = 5.8 ng/ml) (1C)
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Figure 2. Pearson correlation analysis revealed that zonulin (2a), LBP (2b), were positively correlated with NLR, a marker of inflammation
(r=0.710, p=0.00; and r=0.48, p=0.00 respectively), and IAP negatively correlated with NLR (r = - 0.63, p=0.01) (2¢)

with SCZ (zonulin: odds ratio (OR): 11.4, 95% confidence
interval (CI): 2.74—47.32; LBP: 1.053, 1.02—1.09; IAP: 0.680,
0.551-0.840) (Model 1). Even after adjusting for age, gender,
HDL-C, and NLR, higher levels of zonulin and LBP, or lower
levels of IAP showed significant associations with SCZ
(zonulin: 10.32, 1.85-57.12; LBP: 1.039, 1.02-1.07; IAP:
0.643, 0.471-0.879) (Model 2).

Discussion

Human gut microbiota offers protection to the host by
strengthening the impermeability of the epithelium,
establishing a competitive barrier on the mucosal surface,
thus maintaining the balanced state of the innate and adaptive
immune systems.?! Interestingly, recent studies have shown a
definite role of altered gut microbiota in SCZ.%7 The role of
increased intestinal permeability and abnormal immune

responses in the etiopathogenesis of several brain/nervous
system diseases, including SCZ,”%!5 has been previously
elucidated. In addition to the already established risk factors,
intestinal permeability appears to play a key role in SCZ.!415
There is a growing interest in studying the biomarkers of
intestinal permeability, particularly the systemic triggers of
intestinal integrity and inflammation. In this context, our
study has unraveled alterations in a panel of unique “intestinal
permeability” biomarkers: (a) SCZ patients exhibited higher
levels of zonulin and LBP and lower levels of IAP and (b)
increased zonulin and LBP and decreased IAP are associated
with low-grade inflammation as evidenced by the increased
NLR in SCZ. This study is the first report among Asian
Indians to demonstrate an independent association of zonulin,
LBP, and IAP with higher odds of SCZ.

Recent studies demonstrate that zonulin is a promising
biomarker for evaluating intestinal permeability.!o18
Dysregulation of the zonulin signaling pathway may disrupt
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Table 2. Multiple Logistic Regression Analysis Using Schizophrenia
(SCZ) as Dependent Variable and Zonulin, Lipopolysaccharide-
Binding Protein (LBP), and Intestinal Alkaline Phosphatase (IAP) as
Independent Variables

Odds Ratio  95% Confidence

Variable (OR) Interval PValue
Zonulin — Independent Variable

Zonulin — Unad- 11.40 2.74-47.32 0.00
justed

Adjusted for age, 10.32 1.85-57.12 0.00
gender, HDL-C,

and NLR

LBP — Independent Variable

LBP — Unadjusted 1.053 1.02-1.09 0.00
Adjusted for age, 1.039 1.02-1.07 0.04
gender, HDL-C,

and NLR

IAP — Independent Variable

IAP — Unadjusted 0.680 0.551-0.840 0.00
Adjusted for age, 0.643 0.471-0.879 0.00

gender, HDL-C,
and NLR

NLR: Neutrophil-to-lymphocyte ratio

gut barrier function, alter immune responses, and predispose
susceptible individuals to inflammatory autoimmune response
by increasing the paracellular permeability of the
gastrointestinal mucosa.?? In our study, SCZ patients exhibited
increased zonulin circulatory levels, supporting the hypothesis
that intestinal permeability increases in SCZ, promoting the
progressive entry of microbial factors into the bloodstream.
This may trigger the immune system leading to the low-grade
systemic inflammation associated with SCZ. Our study
findings are in concurrence with the work by Usta et al.,!® in
which increased systemic levels of zonulin were reported in
patients with SCZ. Our results of higher circulatory levels of
zonulin in patients with SCZ appear to increase our
understanding of the emerging role of gut metabolites in the
pathophysiology of SCZ.

LBP is demonstrated to be a surrogate biomarker of
chronic inflammation by activating LPS-induced innate
immune responses.?33 We observed that the plasma levels of
LBP were higher in SCZ patients than in healthy controls.
Recent studies indicate that metabolic abnormalities like
obesity or type 2 diabetes can increase serum LPS levels,
known as metabolic endotoxemia.’* Interestingly, patients
with SCZ are prone to develop cardiometabolic
abnormalities.’> As a biomarker for LPS-induced innate
immune responses, our data showed that plasma levels of
LBP were correlated with NLR.

IAP is recognized as a gut mucosal defense factor and can
detoxify LPS.?¢ Recent studies demonstrated that mice

deficient in IAP had higher translocation of bacteria to
mesenteric lymph nodes.?¢ Furthermore, IAP administration
was reported to strengthen the barrier function effectively by
reserving its integrity and preventing the LPS-induced
potential alteration in the tight junction proteins.?’” IAP may
represent a novel therapeutic target based on its ability to
decrease LPS-mediated inflammation.’” Lower levels of IAP
and its inverse association with zonulin and LBP in patients
with SCZ are an important observation in our study.
Furthermore, lower levels of IAP may lead to metabolic
endotoxemia by triggering low-grade systemic inflammation
and this is evident by its association with NLR, as observed in
this study.

Several studies have reported a significant correlation of
NLR with SCZ.38 A meta-analysis of ten studies reported that
NLR was increased in patients with SCZ, both in first-episode
psychosis and chronic disease.!? In this context, we found a
significant association between NLR, zonulin, LBP, and IAP
in patients with SCZ, which could provide a greater propensity
to an altered intestinal permeability and inflammation. This
finding suggests that a chronic state of low-grade endotoxemia
exists in patients with SCZ, and all these markers may drive a
common central pathway, i.c., inflammation in SCZ.
However, these results could be further investigated in future
studies. Identifying new biomarkers such as zonulin, LBP, or
IAP would open up newer avenues for assessing intestinal
permeability and low-grade intestinal inflammation in SCZ.
Our work is a proof of concept in this direction.

HDL cholesterol plays a vital role in regulating
inflammatory response and has a good binding capacity for
LPS.?° Studies have reported that LBP and specific transfer
proteins play an important role in transferring LPS from
HDLs to LDLs.%? Because patients with SCZ are more prone
to develop metabolic abnormalities and are characterized by
decreased HDL levels,® it is conceivable that LPS may get
redistributed in circulation and this may induce
proinflammatory reactions on several peripheral tissues
related to the pathoetiology of SCZ. In this context, the
inverse correlation of zonulin levels with HDL cholesterol
observed in our study is an important finding. Further studies
are required to illuminate whether low HDL cholesterol levels
could possibly be one of the pathogenetic links between
intestinal permeability and SCZ.

Notwithstanding the limited sample size, this is one of the
very few studies simultaneously measuring the systemic levels
of zonulin, LBP, and [AP in patients with SCZ. Further studies
are needed to correlate these biomarkers with gut microbiome
diversity to understand the pathogenesis of SCZ. The strength
of the study is that the cases (SCZ) and healthy controls were
classified using standard methods and also controlled for a
range of potential confounders including biochemical and
hematological parameters. The limitations of this study are
that being a cross-sectional one, no cause and effect can be
drawn, for which prospective studies with serial measurements
are needed. It is more vital to replicate the study findings on a
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larger sample size for robust effects estimation. Another
limitation of this study is that the detailed dietary assessments
of'the study participants were not collected. Future prospective
studies would offer more insights on the temporal relationship
of intestinal permeability biomarkers at the interface of
intestinal permeability and inflammation.

Conclusion

To conclude, our study reinforces the connection between
intestinal permeability and inflammation as the important
etiological construct of SCZ and adds further novel data on
the association of IAP, a gut mucosal defense factor, with
SCZ. Further studies are needed to correlate these markers
with gut microbiota and understand the mechanisms that
contribute to the pathogenesis of SCZ.
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