
INTRODUCTION

Over recent years intestinal permeability has become a ma-
jor feature of gut health. It determines the transfer of sub-
stances from the intestinal lumen to the bloodstream. The
objective of this paper is to present an overview of the cur-
rent state of intestinal permeability diagnosis, its connection
to gastrointestinal disorders, and describe diagnostic meth-
ods and potential association of intestinal permeability with
enteropathy and iron deficiency anaemia (IDA). This re-
view examines relevant studies, including ones by Binienda

et al. (2020), to explore the importance of intestinal perme-
ability evaluation in clinical practice and to identify the
gaps and future directions in this field.

CONCEPT OF INTESTINAL PERMEABILITY

Intestinal permeability refers to the ability of the intestinal
barrier to transport some nutrients and digestion products as
a normal function, while blocking the transmigration of bac-
teria and toxins that might result in inflammation. Maintain-

PROCEEDINGS OF THE LATVIAN ACADEMY OF SCIENCES. Section B,
Vol. 78 (2024), No. 4 (751), pp. 244–248.

DOI: 10.2478/prolas-2024-0034

EXPLORING INTESTINAL PERMEABILITY: CONCEPT,
DIAGNOSIS, CONNECTION TO BOWEL DISEASE,
AND IRON DEFICIENCY

Olesja Basina1,2,3,#, Aleksejs Derovs1,2,3,4 , Jeïena Derova2,5, and Sandra Lejniece1,2

1 Rîga East University Hospital, 2 Hipokrâta Str., Rîga, LV-1038, LATVIA

2 Department of Internal Diseases, Rîga Stradiòð University, 16 Dzirciema Str., Rîga, LV-1007, LATVIA

3 JSC Veselîbas centru apvienîba, 16 Saharova Str., Rîga, LV-1021, LATVIA

4 Department of Infectology, Rîga Stradiòð University, 16 Dzirciema Str., Rîga, LV-1007, LATVIA

5 JSC Latvian Maritime Medicine Centre, 23 Patversmes Str., Rîga, LV-1005, LATVIA

# Corresponding author, drbasinao@gmail.com

Contributed by Sandra Lejniece

Over the recent years, intestinal permeability has become a major feature of gut health. The ob-
jective of this paper is to present a literature-based overview of the current understanding on in-
testinal permeability. The concept of intestinal permeability started its development from the
discovery of tight junctions — protein complexes that are separated between the epithelial cells.
Histopathology is the main option of microscopic diagnosis, which allows to determine changes
that occur in the tight junction, inflammation, and damaged epithelial cells. Additionally, intestinal
fatty acid-binding protein I-FABP and zonulin are suggested as biomarkers of epithelial barrier
abruption. As for visual detection, literature proposes capsule endoscopy and confocal laser en-
domicroscopy. Using the latter it is possible to produce images of small intestinal morphology and
visualise the small intestinal luminal elements, cells, villi as well as crypts. However, advance-
ments in digital capsule endoscopy are more applicable and aid in research of intestinal perme-
ability and enteropathy, also giving promising results in treatment. Although damage to intestinal
permeability can be classified as a certain enteropathy and then the association of some entero-
pathies with iron deficiency already has been established, direct association of iron deficiency
and intestinal permeability is yet to be explored.

Keywords: intestine, endoscopy, enteropathy, bowel disease, iron deficiency anaemia.

R e v i e w

244 Proc. Latvian Acad. Sci., Section B, Vol. 78 (2024), No. 4.

© The Authors

This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).



ing the intestinal barrier is one of the main factors to
achieve well-being and gut health (Zhuge et al. 2022). The
concept of intestinal permeability started its development
from the discovery of tight junctions, which are protein
complexes that are separated between epithelial cells. They
form a steady barrier layer of cells, which regulates the pas-
sage of molecules through the paracellular pathway
(Schoultz and Keita, 2020). These tracks have a significant
influence on the health of the intestinal barrier (Ahnstedt et

al., 2020). Another important part is epithelial lining of the
intestine, the cell lining that constantly protects against ex-
ternal environmental invasion (Feng et al., 2020). The func-
tion of these cells is to engage in immune response and pre-
vent infections and pathogens from ingested vegetables and
other dietary items (Seethaler et al., 2021). The third part of
the barrier is the mucus that is produced by irregularly
shaped goblet cells that line the intestines and cover the
epithelial border, also assisting in smooth movement of in-
gested food through the intestinal system (Iordache et al.,
2022). Connected to the gut mucosal lymphoid and the lam-
ina propria of the intestinal epithelial layer harbour various
lymphocytes with short proximity to act quickly in case of
pathogen infections, but it also maintains immune homeo-
stasis (Al-Ayadhi et al., 2021). Microbial imbalance in the
intestines involves different parts working in harmony to
perfectly maintain mucosal barrier integrity, which is re-
sponsible for the effective recuperation of nutrients and ex-
clusion of microbes and systemic inflammation (Binienda et

al., 2020).

ASSESSING THE INTESTINAL PERMEABILITY

There is no golden standard for diagnosis of intestinal per-
meability. Typically, histopathology is the main option for
microscopic examination of tissue samples, which allows to
determine the shape of the microvillus, the length of the
crypt between two adjacent epithelial cells, and other fea-
tures (Di Vincenzo et al., 2024). Also, histological exami-
nation can indicate changes that occur in the tight junction,
inflammation, and damaged epithelial cells, which are the
main changes compromising the integrity of the gastrointes-
tinal tract (Huang and Tanpowpong, 2023).

Some authors suggest that incorporation of clinical symp-
toms should be used to form an opinion on changes in gut
permeability (Stadlbauer et al. 2020). Gastrointestinal
symptoms such as diarrhea, abdominal pain, bloating, and
faeces conditions are not really specific, but still remain an
important part of the diagnosis (Sanchez-Alcoholado et al.,
2020). Another diagnostic method is to incorporate system
markers of inflammation like CRP, which is nonspecific,
but still can be a marker of inflammation of the gut
(Vanuytsel et al., 2021).

Several specific types of biomarker-based tests could be
employed in order to assess intestinal permeability. These
markers have been shown to be associated with integrity of
gut epithelium (Hrncir et al., 2021). For example, intestinal
fatty acid-binding protein I-FABP and zonulin are bio-

markers of epithelial barrier abruption and structure of the
tight junction, respectively (Cano-Ortiz et al. 2020; Martín-
Mateos and Albillos, 2021).

Lastly, there is a holistic approach that employs histologi-
cal, clinical, and laboratory techniques to ensure that both
the diagnosis and interpretation of the intestinal permeabil-
ity are accurate. Thus, in the future medical doctors will
benefit from the creation of highly targeted and personal-
ised medicines (Rodina and Derovs, 2022).

CONNECTION BETWEEN DIAGNOSES SIGNIFI-
CANCE AND BOWEL DISEASES

The health of the intestinal wall is associated with disease
conditions that affect its pathophysiology. The disruption of
intestinal permeability has been linked with various gastro-
intestinal conditions, such as inflammatory bowel disease
(IBD), celiac disease, irritable bowel disease, and others
(Turpin et al., 2020). Experimental data prove that increases
in intestinal barrier leakage result in the laceration of the gut
opening and exposure to damaging particles, which, in turn,
leads to undesirable inflammatory responses (Lucidi et al.,
2021). For example, normal gastrointestinal barrier function
is damaged by chronic inflammation and tissue injuries in
the gut, signalising development of IBD (Gan et al., 2022).
Similarly, celiac diseases or any other changes in epithelial
permeability may lead to the integration of the immuno-
genic gluten peptides into the bloodstream that on the other
hand can cause antigen-mediated reactions outside of the
gastrointestinal tract (Ouyang et al., 2020). More impor-
tantly, high-fat or low fibre intake can aggravate intestinal
permeability and stimulate diseases like Nonalcoholic Fatty
Liver Disease (NAFLD), food intolerance, and autoimmune
disorders (Isnard et al., 2021).

With an understanding of particular pathways of gut dysbio-
sis that lead to disorders of the digestive tract and intestinal
permeability, a new therapeutic approach may be intro-
duced, which targets the source of the gut damage directly
(Ishida et al., 2022). In this respect, intestinal permeability
may work as a key to understanding the interrelationship
between various gastrointestinal conditions (Cayres et al.,
2021).

EXPLORING INTESTINAL PERMEABILITY, ENDO-
SCOPIC DIAGNOSIS, AND ITS LINK TO ENTEROPA-
THY AND IRON DEFICIENCY ANAEMIA

The maintenance of intestinal permeability of the intestinal
barrier is the main factor that ensures minimal leakage of
substances across the intestine (Shen, 2020). The latest lit-
erature reviews suggest that best detection methods of intes-
tine permeability include capsule endoscopy and confocal
laser endomicroscopy (CLE), which have the possibility to
produce images of small intestinal morphology and visual-
ise small intestinal luminal elements, cells, villi as well as
crypts (Varesi et al., 2022). The advancements in digital
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capsule endoscopy confirm the idea that this method in re-
search of intestinal permeability and enteropathy, and its ap-
plication, is giving promising results in treatment (Fianchi
et al., 2021; Vanuytsel et al., 2021).

Systemic analysis (Kim et al. 2022) has proven the great va-
riety for CLE application in differentiation of many gastro-
intestinal disorders, by giving an accurate view of micro-
scopic intestinal mucosa structures on a cellular level, for
example by measuring vascular integrity in celiac disease,
determining mucosal permeability in inflammatory bowel
disease, and visualising inflammation in irritable bowel syn-
drome. This makes it possible to determine epithelial integ-
rity, tight junction integrity, and inflammation changes that
have occurred in any location of gastrointestinal tract
(Stiegeler et al., 2021). The reconnection of endoscopic
services at a molecular level in the last few years made it
possible to unveil the capabilities of the gastrointestinal bar-
rier model and ultimately improve the diagnosis and thera-
peutics of digestive system diseases. Varesi et al. (2022)
presented solid data indicating the link between enteropathy
and alteration of epithelial and endothelial cell organoid-
based barrier integrity. The small intestine, with its double-
layered structure that constitutes a very tight barrier, can
preserve its functional integrity and consists of cells ar-
ranged in tight junctions, which are placed between the
epithelial and the mucin layer and microvilli (König et al.,
2022).

However, if the damage to intestinal permeability can be
classified as a certain enteropathy, then the association of
some enteropathies with iron deficiency has already has
been established (Tracy et al. 2020). The direct association
of iron deficiency and intestinal permeability is yet to be ex-
plored, as to date there have been no studies that have at-
tempted to explore this link. The association of inflamma-
tion of the intestine firstly, which is then followed by
intestinal haemorrhage, is the direct cause for iron defi-
ciency anaemia (Malesza et al., 2022). However, the loss of
nutrients and minerals in theory should already start at the
time of intestinal permeability diagnosis.

Moreover, the existing diagnosis of intestinal permeability
improvement, which can be demonstrated by the develop-
ment of some of the new diagnostic methods, has some vital
drawbacks, especially in the standardisation, validation, and
application of clinical characteristics (Muntieswertz et al.,
2021). Besides that, no common diagnostic approach is be-
ing used in the different sectors. As a result, the findings are
contradictory from different diagnostic approaches, and
therefore there is a need for a unifying diagnostic rule in
terms of the assessment of emergency services at any given
time (Zhan et al., 2023). In addition, clinicians will utilise a
wide range of patient groups for continuous monitoring of
biomarkers and various imaging modality approaches to de-
velop robust, reliable, and reproducible methods. Technol-
ogy innovation would be a good thing, and the next step
would entail the applicability of the technology in the clini-
cal context and be as cheap as possible for the well-being of
patients (Pohl et al., 2022). It can be concluded that the

method of assessment that incorporates all three aspects,
namely histology, findings from clinical studies as well as
laboratory findings, is the most effective approach. This
would enable us to determine intestinal permeability
(Schwabe and Greten, 2020).

CONCLUSION

Although the technical breakthroughs of endoscopic ap-
proaches have aided in the diagnostics of intestinal perme-
ability and knowledge about its association to enteropathy
and IDA, there are still some aspects of the problem that are
poorly investigated. Standardisation of criteria and proto-
cols of the invasive methods for permeability assessment is
vital to ensure the studies obtain the same results in various
places and by different specialists. In conclusion, endo-
scopic methods like capsule endoscopy and CLE are worth
mention, since they are valuable tools in the evaluation of
intestinal permeability and their implications for gastroin-
testinal disorders such as enteropathy. Gaps in the diagnosis
and the mechanisms of how these diseases proceed will be
filled in time; thus, our ability to take care of them will be
improved.
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ZARNU CAURLAIDÎBAS PÇTÎÐANA: KONCEPTS, DIAGNOZE, SAISTÎBA AR ZARNU SLIMÎBÂM UN DZELZS DEFICÎTA
ANÇMIJA

Pçdçjos gados zarnu caurlaidîbas koncepts ir kïuvis par galveno zarnu veselîbas stûrakmeni. Ðî raksta mçríis ir veikt literatûras pârskatu,
izklâstot paðreizçjo izpratni par zarnu caurlaidîbu. Zarnu caurlaidîbas jçdziens sâka attîstîties, atklâjot cieðus savienojumus — proteînu
kompleksus, kas atdala epitçlija ðûnas. Histopatoloìija vçsturiski ir galvenâ mikroskopiskâs diagnostikas iespçja, kas ïauj noteikt iekaisumu,
bojâtâs epitçlija ðûnas un kas notiek cieðâ savienojumâ. Turklât zarnu taukskâbes saistoðais proteîns I-FABP un zonulîns tiek ieteikti kâ
epitçlija barjeras caurlaidîbas bojâjuma biomaríieri. Attiecîbâ uz vizuâlo diagnostiku literatûrâ tiek piedâvâta kapsulas endoskopija un
konfokâlâ lâzera endomikroskopija. Pçdçjai ir iespçja attçlot tievo zarnu morfoloìiju un vizualizçt tievâs zarnas luminâlos elementus, ðûnas,
bârkstiòas, kâ arî kriptas. Tomçr, pateicoties digitâlâs kapsulas endoskopijas attîstîbai, ðî metode kïûst daudz piemçrotâka zarnu caurlaidîbas
un enteropâtijas pçtîjumos, sniedzot daudzsoloðus rezultâtus ârstçðanâ. Lai gan zarnu caurlaidîbas bojâjumus varçtu klasificçt kâ noteiktu
enteropâtiju un daþu enteropâtiju saistîba ar dzelzs deficîtu ir noteikta, saikne starp dzelzs deficîtu un zarnu caurlaidîbu vçl jâizpçta.
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