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ABSTRACT

Juvenile idiopathic arthritis (JIA) is the most
common form of arthritis affecting the pediatric
population. Gastrointestinal diseases such as
Inflammatory Bowel Disease (IBD) and Celiac
Disease (CD) are more prevalent in patients with
JIA. Alteration in gut microbiota composition
results in immune dysregulation, disruption of the
gut mucosal barrier, and altered intestinal
functionality. Furthermore, medication commonly
prescribed for JIA patients impacts intestinal
health. Management strategies have been
suggested to address these complications,
including proton pump inhibitors (PPIs), folic acid
supplementation, and proper nutrition. This
literature review aims to explore the mechanisms
underlying gastrointestinal involvement in JIA,
assess the impact of commonly used medications,
and provide insights into the clinical implications
and management.
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INTRODUCTION

Juvenile idiopathic arthritis (JIA) is a chronic inflammatory disorder
primarily characterized by joint inflammation. It is the most common form of
chronic arthritis in children, with a global prevalence estimated to range from 3.8
to 400 cases per 100,000 and an incidence between 1.6 to 23 cases per 100,000.
(Garner et al., 2021) A recent study approximated that?2,069,246 children
worldwide are affected by JIA.(Dave et al., 2020)

JIA can present with extra-articular manifestations, depending on the
subtype. (Thatayatikom et al., 2024) Among these, gastrointestinal involvement
is a significant concern. Gastrointestinal manifestations in JIA arise from a
complex process of inflammation, immune dysregulation, and therapeutic
interventions. (Barut et al., 2017; Garner et al., 2021; Thatayatikom et al., 2024;
Zaripova et al., 2021)

Recent studies show that gastrointestinal diseases such as Inflammatory
Bowel Disease (IBD) and Celiac Disease (CD) have a higher incidence in JIA
patients. (Maller et al., 2021; Naddei et al., 2022) They share a common genetic
predisposition and overlapping pathophysiology mechanisms. (Naddei et al.,
2022; van Straalen et al., 2021) This condition can confound diagnostic decision
and is essential to ensure effective treatment strategies.

Beyond the potential for comorbidities, therapeutic interventions such as
nonsteroidal anti-inflammatory drugs (NSAIDs), corticosteroids, and both
conventional and biologics disease-modifying antirheumatic drugs (DMARDs)
can contribute to gastrointestinal problems. (Aalto et al., 2017; Dallocchio et al.,
2010; Thatayatikom et al., 2024; Wibrand et al., 2024) These conditions emphasize
the importance of balancing effective disease management with minimizing
gastrointestinal effects to achieve optimal patient outcomes.

Clinical manifestations of gastrointestinal problems in JIA patients are
varied, abdominal pain is one of the most frequently reported gastrointestinal
symptoms. Studies demonstrated that abdominal pain correlates with higher
disability scores, greater arthritis-related pain, and lower scores in physical
functioning, general health, vitality, and emotional well-being.(Rebane et al.,
2022; Tharwat et al., 2024) Such manifestations impair quality of life and may also
influence disease progression and response to therapy. (G. Ferrara et al., 2018)

A comprehensive understanding of the gastrointestinal involvement of
JIA patients is crucial. Studies recommend that early screening may mitigate the
impact of gastrointestinal complications. (G. Ferrara et al., 2018; Sadeghi et al.,
2021; van Straalen et al., 2021) This literature review aims to explore the
mechanisms underlying gastrointestinal involvement in JIA, assess the impact of
commonly used medications, and provide insights into the clinical implications
and management.

THEORETICAL REVIEW
Gastrointestinal Involvement in Juvenile Idiopathic Arthritis

Juvenile idiopathic arthritis (JIA) is the most prevalent arthritic condition
within the pediatric population. JIA is diagnosed when the onset is before the age
of 16 years old, persist for more than six weeks, and other potential diagnoses are
excluded. There are seven subtypes of JIA, each presenting distinct clinical
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manifestations, genetic predispositions, pathophysiology, disease progression,
and prognostic outcomes. (Garner et al., 2021; Thatayatikom et al., 2024)

JIA is an autoimmune disorder characterized by a complex immunological
process. The pathophysiology of JIA involves the abnormal activation of various
immune cells, including T-cells, B-cells, natural killer (NK) cells, dendritic cells
(DC), macrophages, and neutrophils. This dysregulation leads to excessive
production of pro-inflammatory cytokines, resulting in joint destruction and
systemic complications. Chemokines associated with JIA recruit T-helper 1 (Th-
1) cells, which produce pro-inflammatory cytokines such as interleukin-2 (IL-2),
tumor necrosis factor-alpha (TNF-a), and interferon-gamma (IFN-y). Moreover,
studies have identified an imbalance between regulatory T cells (T-reg), Th1, and
Th17 cells as a crucial pathogenic mechanism. (Barut et al., 2017; Garner et al.,
2021; Zaripova et al., 2021)

In addition to immunological dysfunctions, various external factors,
including environmental stimuli, infections, stress, and trauma, have been
implicated in the pathophysiology of JIA. Emerging evidence also highlights the
significant role of gut microbiota in JIA. (Barut et al., 2017; Garner et al., 2021;
Zaripova et al., 2021) Recent studies have demonstrated that JIA patients are also
frequently associated with abdominal complications, prompting emerging
research to explore the connection between intestinal health and JIA. (Soliman et
al., 2021)

The intestinal microbiota is now recognized as an important mediator of
host immune programming, with approximately 70% of immune cells residing
in the gut. It plays a pivotal role in modulating both innate and adaptive immune
responses, particularly T-reg cells and Th-cell differentiation. The development
of JIA is hypothesized to involve abnormal immune responses to self-antigens. A
recent study shows evidence of the formation of aggregates containing memory
T cells and antigen-presenting cells, with Thl cells and IFN-y+ T cells
demonstrating the highest abundance. T-reg is also elevated at the site of
inflammation. (Stefanov et al., 2018) (Verwoerd et al., 2016)

Specific microbiota are also considered pivotal in the pathogenesis of JIA.
A study has demonstrated that fecal microbiota composition in newly diagnosed
JIA patients is significantly altered compared to healthy children.(Verwoerd et
al., 2016; Xin et al., 2021) This altered gut microbiota composition, commonly
referred to as dysbiosis, can compromise gut barrier integrity, immunological
imbalances, and trigger inflammation. This condition can subsequently
predispose the host to the development of intestinal disease. Dysbiosis is
characterized by a reduction in beneficial symbionts and/or an increase in the
harmful pathobionts, leading to a nonspecific inflammation state. This
inflammatory environment heightens susceptibility to T-helper cell-mediated
disease. (De Filippo et al., 2019) Recent study has shown that JIA patients,
particularly the enthesitis-related arthritis (ERA) subtype, exhibit lower levels of
the anti-inflammatory bacteria, Faecalibacterium prausnitzii compared to healthy
children. This condition is compensated by increased abundance of the
Bacteroidetes phylum and Akkermansia muciniphila, which contribute to
promoting the inflammatory process by facilitating bacteria to the intestinal
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immune system. (Stoll et al., 2014) These microbiota have the ability to enhance
mucosal permeability, facilitating the internalization of enteric bacteria into the
mucosa through mucin degradation. Studies have also found that JIA patients
exhibited altered functional characteristics in their gut microbiota, such as
changes in cell motility and flagellar assembly. These alterations will also disrupt
the gut mucosal barrier and promote microbial dissemination. Additionally,
disturbances in the metabolism of tryptophan and butyrate have been observed,
which may impair tolerogenic immune responses. (De Filippo et al., 2019;
Verwoerd et al., 2016) A study found that ERA patients exhibit distinct humoral
responses to the gut bacteria, which contribute to gut inflammation. (Pichler et
al., 2016)

Inflammation itself can significantly impact the compositions of the gut
microbiota, creating an environment that favors the proliferation of pathobionts.
Furthermore, the gut microbiota itself has the ability to modulate both the local
mucosal immune system and the systemic intestinal immune response. (De
Filippo et al., 2019) A study revealed that ERA subtype patients exhibit
subclinical intestinal inflammation, with evidence of elevated concentrations of
circulating anti-core Lipopolysaccharide (LPS) antibodies and LPS binding
protein (LBP). LPS is an outer-membrane component of Gram-negative bacteria
that is able to induce matrix breakdown and chondrocyte apoptosis, leading to
cartilage degradation. Systemic inflammation, a prominent feature in JIA, can
increase intestinal permeability, resulting in elevated concentrations of anti-core
LPS antibodies and /or LBP. These markers correlate with both gut inflammation
and disease activity.(Fotis et al., 2017) Another study also identified alterations
in gut mucosal integrity in JIA patients. These alterations include increased small
intestinal intraepithelial y6+ T cells and cytotoxic lymphocytes, as well as
increased HLA-DR expression in the ileal mucosa. These findings have been
shown to correlate with JIA disease activity. (Arvonen et al., 2016) Furthermore,
during episodes of intestinal inflammation, there is a significant increase in the
mucosal uptake of gut bacteria and their membrane molecule, such as LPS and
peptidoglycan-polysaccharides (PG-PS). These components also contribute to the
development of extra-intestinal inflammatory manifestations, such as
arthritis.(De Filippo et al., 2019)

METHODOLOGY

This narrative review article focuses on Gastrointestinal involvement in
Juvenile Idiopathic Arthritis (JIA). Comprehensive literature research was
performed in PubMed, Scopus, and Google Scholar using the keywords “juvenile
idiopathic arthritis” and “gastrointestinal involvement.” Relevant studies from
the peer-reviewed journal were selected based on their relevance. An analytical
approach synthesized the underlying mechanism, clinical manifestations,
diagnostic challenges, and management strategies from selected studies. This
review highlights the mechanisms underlying gastrointestinal involvement in
JIA and provides insights into the clinical implications and management.
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RESULTS & DISCUSSION
Gastrointestinal-Related Diseases
Inflammatory Bowel Disease

Inflammatory bowel disease (IBD) and JIA have a significant relationship.
A recent study has shown that the probability of developing IBD in JIA patients
is approximately 4.6%. Notably, some patients with IBD may initially experience
joint complaints as the primary symptom, leading to an initial misdiagnosis of
JIA.(Biswas et al., 2018; van Straalen et al., 2021) Common genetic features are
involved in the pathophysiology of both IBD and JIA.(van Straalen et al., 2021)
Medication plays a significant role in the incidence of IBD in JIA patients. Several
studies have shown that JIA patients who develop IBD are often associated with
the use of etanercept treatment. (Armaroli et al., 2020; Dallocchio et al., 2010;
Hiigle et al., 2017; Maller et al., 2021; van Dijken et al., 2011; van Straalen et al.,
2021) Recent data indicates that there were 1.9 new cases of IBD among 100 JIA
patients treated with etanercept. (Dallocchio et al., 2010) Etanercept is a TNF-a
blocker, which is able to bind and prolong the half-life of TNF-a and increase
IFN-y, which in IBD pathogenesis, IFN-y plays a crucial role. IFN-y provoke an
excessive immune response, resulting in leucocyte infiltration and mucosal
disruption. (Langer et al., 2019) The duration of etanercept treatment before the
onset of IBD varied across studies. One study reported a range of 7-78 months,
another indicated a duration ranging from 5 to 12 years, while a third study noted
an average of 27 months. Studies observed remission in all patients after
discontinuing etanercept and starting treatment for IBD. (Bieber et al., 2017;
Dallocchio et al., 2010; Hiigle et al., 2017) A study by Maller et al. revealed that
IL-1 blockade also contributes to the incidence of IBD. Canakinumab showed a
significant correlation with IBD in patients with systemic JIA (sJIA) in this study.
(Maller et al., 2021)

Multivariate analysis revealed that ERA and a positive family history of
autoimmune disease emerged as the most significant predictors of IBD
development in patients with JIA. Furthermore, the study demonstrated a higher
prevalence of IBD in male patients, those with positive HLA-B27, and those with
an older age onset of JIA.(van Straalen et al., 2021) Studies show that the
presenting symptoms experienced by patients are abdominal pain, fecal blood,
diarrhea, anorexia, anal abscess, oral ulcers, and fever. (Dallocchio et al., 2010; G.
Ferrara et al., 2018)

Early detection of IBD in JIA patients is crucial as the management
strategies for these conditions are different. While etanercept demonstrates
significant efficacy in treating JIA, its therapeutic effect is not evident in the
context of bowel inflammation. A study has revealed that JIA patients with
concurrent IBD exhibit elevated Erythrocyte Sedimentation Rate (ESR), C-
reactive protein (CRP), IgA levels, platelet count, and decreased hemoglobin
level, indicative of systemic inflammation. Furthermore, these patients showed
significantly higher Juvenile Idiopathic Arthritis Disease Activity Scores
(JADAS), suggesting a greater challenge in achieving optimal clinical control of
their chronic arthritis. Diagnosis can be challenging due to the subclinical
presentation in some patients. Therefore, regular screening for IBD in JIA patients
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is crucial to ensure timely diagnosis and appropriate management. (G. Ferrara et
al., 2018) Studies suggest that screening with fecal calprotectin should be
performed at the onset and periodically, particularly in high-risk patients. (G.
Ferrara et al., 2018; van Straalen et al., 2021)

Celiac Disease

Celiac Disease (CD) is an autoimmune disorder triggered by the
consumption of gluten. This autoimmune leads to inflammation and intestinal
disruption. CD incidence is more prevalent in Europe, North and South America,
Australia, South-West Asia, and North Africa. (Poddighe et al., 2019) JIA patients
have an increased risk of CD, meta-analysis showed that more than 2.5% of JIA
patients were diagnosed with CD. (Poddighe et al., 2022) The concurrent
occurrence of CD and JIA is more frequently observed in patients with a positive
family history of autoimmune disorders. Furthermore, a study has shown that
they often require an escalation of their DMARD therapy to achieve disease
remission. This condition suggests a correlation between the presence of CD and
a more severe clinical course of JIA. (Naddei et al., 2022)

The onset of CD and JIA frequently occurs within short intervals. This
condition may be attributed to several factors, including shared genetic
predispositions, ongoing systemic inflammation, and environmental triggers
such as infection and dietary factors. (Naddei et al., 2022)

Studies suggest routine screening for CD in all JIA patients, even in the
absence of symptoms. Over one-third of children with CD may remain
asymptomatic, highlighting the limitations of relying solely on symptom-based
diagnosis. Screening should be considered particularly in JIA patients presenting
with specific red flags, such as chronic or intermittent diarrhea, abdominal
distention, failure to thrive, stunted growth or short stature, or an inadequate
response to standard JIA therapies. (Naddei et al., 2022; Sadeghi et al., 2021)

Medication-Related Gastrointestinal Complications
NSAIDs

NSAIDs are the initial therapy and are widely applied in JIA patients
before further therapy is given. The mechanism of NSAIDs is blocking
prostaglandin production through inhibition of the enzymes cyclooxygenase-1
(COX-1) and cyclooxygenase-2 (COX-2), thereby producing anti-inflammation
and analgesic effects. For anti-inflammatory effects, the dose is often prescribed
twice the recommended analgesic dose. Giving a minimum dose at the initial
therapy may considered to reduce adverse effects.(Jacobson & Pham, 2018)
Inhibition of COX-1 reduces mucosal prostaglandin and decreases the protective
bicarbonate mucus barrier in the small bowel, which leads to peptic ulcer and
gastrointestinal perforation. Peptic ulcers on the mucosa provoke gastrointestinal
perforation and bleeding, leading to impaired iron absorption and anemia. A
study showed NSAIDs in children induce gastric lesions by 64%, followed by
duodenal and esophageal. (Cardile et al., 2016) Chronic inflammation of the
intestinal mucosa is associated with the formation of fibrostenotic tissue,
resulting in obstruction of the small intestine. Patients on long-term NSAID
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therapy experience intermittent abdominal pain and decreased appetite. (Tai &
McAlindon, 2021)

The American College of Rheumatology recommends that NSAID trials to
relieve symptoms in JIA patients should be concise due to potential harmful
effects and the efficacy remains unclear. The duration of NSAIDs in initial
therapy is still under debate as some experts prefer to avoid NSAIDs. (Onel et al.,
2022) Another study demonstrated Ibuprofen use in children was linked to
gastrointestinal symptoms including GI bleeding, epigastric pain and nonspecific
abdominal pain. Furthermore, a meta-analysis of RCT studies reported that the
most common side effects of NSAID use were gastrointestinal, headaches, and
motion sickness, especially in aspirin, ibuprofen, and tolmetin. Selective COX-2
inhibitors were reported to lower GI toxicity due to their protective effect on
intestinal mucosa. Gastrointestinal complications due to NSAIDs consumption
are relatively mild, but if combine with glucocorticoids, leflunomide, or
methotrexate, it can exacerbate gastrointestinal symptoms. (Shi et al., 2021)

Corticosteroids

Systemic glucocorticoids are widely used to manage severe JIA-associated
complications while awaiting the full therapeutic effects of DMARDs. (Batu,
2019) Systemic glucocorticoids at high doses provide good short-term effects in
JIA patients, but various studies show that systemic corticosteroids do not affect
long-term disease outcomes. (Harris et al., 2013) However, glucocorticoids are
used as an anti-inflammatory therapy in the chronic inflammatory condition,
such as IBD.

Glucocorticoids are known to inhibit the release of TNF-a, increase tight
junctions in the intestinal epithelium, and reduce intestinal permeability under
basal conditions. In contrast, in vivo studies suggest that glucocorticoids reduce
intestinal barrier function through decreasing IgA secretion, mucus production
changes, and modulation of intestinal microbiota. Glucocorticoids tend to have a
negative effect on wound proliferation, thereby increasing permeability and
favoring bacterial translocation. (Tena-Garitaonaindia et al., 2022)

Administration of prednisone at high altitudes carries the complication of
avascular necrosis and a higher risk of gastrointestinal bleeding. (Koshi et al.,
2022) Other studies suggest that corticosteroid administration in children
increases the risk of gastrointestinal bleeding within the first month. (Yao et al.,,
2021)

DMARD:s

Gastrointestinal problems are the most frequent complication of
Methotrexate (MTX) use in JIA patients. Gastrointestinal manifestations of MTX
therapy include nausea, vomiting, and elevated transaminase enzymes. High-
dose methotrexate has been reported to be associated with acid reflux and
abdominal pain in Rheumatoid Arthritis patients. (Asai et al., 2019) In vivo
studies reported that mice treated with methotrexate appear to have mucosal
injury, massive microbiota changes, macrophage polarization, and
inflammation. (Zhou et al., 2018) MTX induced mucositis by damaging basal
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epithelial cells and submucosal tissue through DNA damage. Upregulation of
pro-inflammatory cytokines causes damage to mucosal integrity, thereby
increasing intestinal permeability, causing susceptibility to bacterial colonization
and increased recruitment of immunocytes such as mononuclear phagocytes.
Mononuclear phagocytes produce additional pro-inflammatory cytokines and
disrupt the gut microbial community. This condition leads to increased
recruitment of immunocytes and polarization of macrophages. (Higuchi et al.,
2020; Nayak et al., 2021; Zhou et al., 2018)

Methotrexate intolerance, including gastrointestinal adverse effects,
appears to be higher in JIA compared to acute lymphoblastic leukemia.
(Kyvsgaard et al., 2019) A study by Mena et al. demonstrated gastrointestinal
problems are the most common complication in JIA patients receiving MTX
therapy, with children over six years of age starting new MTX having a higher
risk.(Barral Mena et al., 2020) Study showed that children receiving MTX for JIA
treatment developed hepatotoxicity by 28% and increased ALT, AST, and ALP
enzymes significantly. (Noha Adel et al., 2021) In addition, more than half of JIA
patients reported having MTX intolerance, evaluated by Methotrexate
Intolerance Severity Score (MISS). However, this study revealed there is no
significant increase in ALT enzymes between MTX-intolerance and MTX-
tolerance groups. (Wibrand et al., 2023)

TNF-a is a new targeted treatment for JIA patients. TNF-a widely used in
rheumatic autoimmune disorders. However, a histopathological study revealed
that TNF-a may exacerbate gastrointestinal paradoxical reactions, including
inflammatory bowel disease and sarcoid-like granulomas. Discontinuing TNF-a
inhibitor was associated with symptom improvement and histopathological
changes. (Hutchings et al., 2019)

Clinical Manifestation

Abdominal complications are frequently observed in JIA patients. A study
of ERA patients reported a prevalence of 44.3% for abdominal pain complaints
and 14% of patients experienced diarrhea. (Gonzalez et al., 2018) This finding is
in line with previous study in JIA patients, which have reported that
approximately 50% of patients complain about abdominal pain. Abdominal pain
is a major complaint and is associated with female, fatigue, methotrexate, and
sulfasalazine use. Notably, patients experiencing frequent abdominal pain have
been found to exhibit higher disability scores, increased arthritis-related pain,
and poorer quality of life. (Rebane et al., 2022)

A previous study reported that one-third of JIA patients with abdominal
pain had higher levels of fecal calprotectin (FC), representing gut inflammation.
Elevated FC was linked to abdominal pain and NSAID treatment. Discontinuing
NSAIDs and methotrexate were reported to have lower FCs, decreased
abdominal pain, and lower inflammatory markers.(Aalto et al., 2017) Increased
FCs were associated with gut dysbiosis, food intolerance, and malabsorption.
(Heinzel et al., 2024) Dysfunction of intestinal integrity leads to malabsorption
and bacterial translocation, which contribute to malnutrition and infection.
(Adedokun & Olojede, 2019) Elevated fecal calprotectin levels provide further
evidence of intestinal inflammation, particularly in ERA and HLA-B27-positive
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patients. However, it is crucial to acknowledge the potential influence of
medications, such as NSAIDs and DMARDs on fecal calprotectin levels. (Aalto
et al., 2017)

Some patients may have diarrhea symptoms. This symptom may suggest
a condition associated with autoimmune-inflammatory gastrointestinal
disorders. (Gonzalez et al., 2018; Pichler et al., 2016) Moreover, another study
reported that JIA patients have oral ulcers and tend to avoid certain foods.
(Leksell et al., 2008)

Pichler et al. conducted a study involving endoscopy in JIA patients
presenting with gastrointestinal complaints. Their finding revealed that 85% of
JIA patients exhibited histologically confirmed gut inflammation. The
gastrointestinal indications for endoscopy in this study included persistent
abdominal pain (42%), diarrhea (30%), growth faltering or weight loss (18%), and
per-rectal bleeding (15%). Other less common gastrointestinal symptoms
included mouth ulcers, hematemesis, and constipation. (Pichler et al., 2016)
Another study has also demonstrated a significant prevalence of gut
inflammation in patients with late-onset juvenile chronic arthritis, with
colonoscopy findings indicating its presence in 75% of cases. Moreover, evidence
of intestinal immune system activation has been observed in JIA patients,
characterized by lymphoid nodular hyperplasia with specific CD3 lymphocytes
within the intestinal mucosa. (Aalto et al., 2017; Pichler et al., 2016)

Methotrexate use was reported to correlate with oral ulcer
incidence.(Kikuchi et al., 2023) A cohort study reported methotrexate intolerance
was found to be 42% in one year and more than half reported nausea and 27%
reported vomiting. (van Dijkhuizen et al., 2015) In addition, a study by Mulligan
et al. demonstrated that more than 30% of parents reported their children had
nausea and 15% reported vomiting weekly due to methotrexate
medication.(Mulligan et al., 2013) This phenomenon leads to poor adherence to
treatment. A study reported that half of the JIA patients experienced adverse
effects, including gastrointestinal symptoms and 35% of them had to stop the
treatment due to methotrexate. (Barral Mena et al., 2020) Patients experience
nausea, vomiting, and abdominal pain due to methotrexate therapy, which leads
to discontinuation and lower quality of life. (Falvey et al., 2017)

Chronic inflammation and increased of IL-6 and TNF-a in JIA patients
leads to gut leakage. Therefore, some nutrients are unable to be absorbed
efficiently. Previous study reported that anemia in JIA patients is due to gut
inflammation which result in malabsorption of Fe. Additionally, long-term use
of NSAIDs can cause abdominal pain, peptic ulcer, and gastrointestinal bleeding,
which also affect the nutrient absorbance. (Albokhari & Muzaffer, 2021)

A study reported that iron deficiency was found in JIA patients.
(Albokhari & Muzaffer, 2021) The elevation of IL-6 in JIA patients stimulates
hypoxia-induced erythropoietin and proliferation of erythroid progenitors. This
condition induces increased ferritin expression, enhanced hepatic uptake, and
leads to reticuloendothelial iron block. Moreover, IL-6 induces hepcidin to inhibit
iron absorption from the intestine and prevent the release of recycled iron from
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macrophages. Furthermore, these mechanisms result in reduced serum iron
availability. (Zandonadi, 2022)

The prevalence of anemia in JIA is approximately 50%, predominantly in
younger patients with elevated ESR and CRP. (Albokhari & Muzaffer, 2021) A
study by Tbini et al. revealed that anemia was reported in 69% of JIA patients
with hypochromic microcytic blood count. This study found that anemia is
associated with females, absence of antinuclear antibodies, and corticosteroid
therapy. (Tbini et al., 2022)

Gastrointestinal symptoms often occur in JIA patients, predominantly due
to pharmacological adverse effects. Poor adherence was found in one-fourth of
pediatric rheumatic disease and associated with joint pain and low functional
activity. (Manatpreeprem et al., 2023) The most common barriers to patients’
adherence to JIA oral treatments were poor taste, difficulty managing side effects,
and pain. (Favier et al., 2018)

Screening and monitoring

Gastrointestinal involvement in JIA is a challenging issue as a manifestation
and complication of the disease. Regularly screening and monitoring
gastrointestinal involvement is essential to reduce the risks of complications and
enhance their quality of life.

History taking to screen the gastrointestinal involvement in JIA patients is
essential. Chronic and severe diarrhea suggested an inflammatory bowel disease
or secondary infection. Observing the types, frequency, consistency, and other
additional symptoms of diarrhea is essential to differentiate it from secondary
infection. Monitoring nausea and vomiting symptoms in JIA patients is crucial
since some patients may develop methotrexate intolerance.(Wibrand et al., 2024)
Continuous nausea and vomiting leads to low drug compliance, which affects
severity of the disease. In addition, children with frequent nausea and vomiting
may have loss of appetite. This situation leads to malnutrition, low functional
status, and exacerbates the severity. (Hiigle & van Dijkhuizen, 2020)

A comprehensive physical examination should be performed to identify
clinical findings on JIA patients. A previous study reported methotrexate induced
hepatotoxicity. Observing the icteric or hepatomegaly might reveal the
methotrexate hepatotoxicity. Examining the liver enzymes could confirm the
hepatotoxicity. (Noha Adel et al., 2021)

Blood examination should be performed in JIA patients to investigate
anemia. (Tbini et al., 2022) Liver function test can be valuable for monitoring
patient taking MTX. An observational study demonstrated that children with
methotrexate treatment had higher levels of ALT, AST, and lower levels of ALP
compared to non-methotrexate treatment. (Noha Adel et al., 2021) Ultrasound
could be performed to find hepatic steatosis or fibrosis. Niyasom et al. reported
that hepatic steatosis was observed commonly in JIA patients receiving
methotrexate. However, it is not associated with hepatic fibrosis. (Niyasom et al.,
2024) A colonoscopy is examined to identify JIA-associated inflammatory bowel
disease. Moreover, fecal calprotectin can be performed to evaluate gut
inflammation. Elevated levels of fecal calprotectin were observed in ERA and may
coexist with joint inflammation. (Lamot et al., 2021)
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Management
Proton Pump Inhibitor

Strategic management to alleviate symptoms and other gastrointestinal
problems should be essential to prevent complications and increase their quality
of life. Proton Pump Inhibitor (PPI) is an effective treatment to reduce peptic ulcers
induced by NSAIDs. A previous study reported that a fix-dose combination of
Naproxen/Esomeprazole effectively treated gastric ulcers in JIA patients aged 12-
16.(Lovell et al., 2018) However, another study reported that regular use of PPI
may alter gut microbiota, which develops severity of autoimmune disease.
(Rdisdnen et al., 2023) pH changes after PPI treatment could affect the gastric
barrier, resulting in microorganisms invading the gastrointestinal tract. Moreover,
PPI induced hormonal changes which could affect intestinal osmolality as in the
metabolism of calcium and phosphorus, which modify gut microbiota. (Tian et al.,
2023)

Folic Acid

Methotrexate is a folate antagonist that is regularly used to treat JIA. Folic
acid supplementation is widely accepted to manage methotrexate intolerance.
Meta-analysis in Rheumatoid Arthritis patients demonstrated that folic acid
supplementation reduces hepatotoxicity and gastrointestinal symptoms due to
methotrexate intolerance. (Liu et al., 2019) A study reported that administering
folic acid 48 hours before methotrexate in JIA patients significantly reduced
gastrointestinal symptoms and achieved complete remission without decreasing
drug efficacy. (Martini et al., 2023)

Antiemetics

Another strategy to treat methotrexate intolerance is prescribing
antiemetics. A study by Amin et al. stated that 21% of JIA patients start using anti-
emetics frequently. (Amin et al., 2015) Ondansetron is a first-line antiemetic widely
used in children and tends to be effective compared to metoclopramide and
chlorpromazine. Ondansetron was reported to reduce methotrexate intolerance
significantly in inflammatory rheumatoid arthritis. Premedication ondansetron
was significantly potent in reducing nausea-induced methotrexate. Moreover,
ondansetron was effective in treating nausea-induced methotrexate in patients
who were not initially given premedication. (Saif et al., 2022)

Probiotics

Previous study suggested there is an altered gut microbiota in JIA patients.
Alteration of gut microbiota was correlated with disease severity. Probiotic
supplementation attempts to modify gut microbiota, hence could reduce
inflammation and severity of the disease. (Qian et al., 2020) A study revealed that
probiotic supplementation in JIA is well tolerated, although there is no significant
clinical improvement in disease activity when combined with NSAIDs. This study
reported that IL-10 was significantly lower after probiotics treatment. However,
there is no difference in adverse effects between probiotics and control groups.
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(Shukla et al., 2016) Another study reported that probiotics supplementation
increased IgA and decreased mucosal tissue damage. (Mazziotta et al., 2023)

Nutrition

Nutritional aspects play a crucial role and adversely affect the long-term
outcomes of JIA patients. Anti-inflammatory diets promote gut health, support
healing processes, and strengthen the immune system. Giving suboptimal
nutrition could enhance recovery, prevent flare-up, and reduce severity in JIA
patients. (Zandonadi, 2022) Anti-inflammatory diets and omega-3 fatty acids were
reported to reduce inflammation and improve clinical manifestations of JIA. This
study demonstrated that giving omega-3 supplementation 2g/day for 12 weeks
could decrease the daily use of NSAIDs. (Gheita et al., 2012) It is suggested that
giving omega-3 supplementation could prevent abdominal pain, gastric ulcers,
and gastrointestinal bleeding due to NSAIDs. Moreover, a study revealed that the
increase in omega-3 and omega-6 levels was correlated with the reduction of CRP
and ESR levels. (Gorczyca et al., 2017) A randomized controlled trial revealed
dietary supplements of omega-3 improved immunology status. (Yarema et al.,
2018)

This part allows you to elaborate on your results findings academically. You
must not put numbers related to your statistical tests here; instead, you have to
explain that numbers here. You have to compile your discussion with academic
supports to your study and a good explanation according to the specific area you
are investigating.

CONCLUSIONS AND RECOMMENDATIONS

Gastrointestinal involvement in JIA patients is a significant complication
that requires close attention. The mechanisms between JIA and gastrointestinal
involvement were complex including systemic inflammation, medication side
effects, and genetic variants. Commonly prescribed medications in JIA therapy can
also contribute to gastrointestinal complications, highlighting the importance of
achieving disease control while minimizing adverse effects. Early screening for
gastrointestinal problems and appropriate management strategies are essential to
improve clinical outcomes in JIA patients.

FURTHER STUDY

Further studies need to be conducted to explore the biological specific
mechanism of gastrointestinal involvement in JIA. Longitudinal studies should
be performed to measure the gastrointestinal effects due to treatment, including
the patient’s quality of life and future disease progression. Developing safer
treatment options to minimize gastrointestinal complication
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