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Highlights

What are the main findings?

• JIA patients may show altered gastrointestinal segmental sugar absorption despite
globally normal intestinal permeability.

What are the implication of the main findings?

• Permeability testing of different gastrointestinal tracts may provide a sensitive tool to
uncover hidden mucosal abnormalities that are not captured by global indices.

• The exploratory findings of this study may support a role for the gut–joint axis and
microbiota-driven mechanisms in JIA pathogenesis, with potential implications for
early diagnosis and therapeutic targeting.

Abstract

Objectives: To assess gastrointestinal permeability (GP) in children with Juvenile Idio-
pathic Arthritis (JIA) using a segment-specific sugar probe approach to assess gastric, small
intestinal, and colonic permeability, and to determine whether GP alterations are associated
with disease activity. Methods: This prospective study included 30 children with JIA and 22
healthy controls who underwent a validated multi-sugar absorption test. Urinary excretion
of sucrose, lactulose, mannitol, and sucralose was measured to evaluate gastric, small
intestinal, and colonic permeability. All JIA patients had discontinued immunosuppressive
therapy for at least three months before testing. None had a relapse of the disease. Disease
activity was assessed using the Juvenile Arthritis Disease Activity Score (JADAS10). Com-
parisons were conducted between patients and controls and between remission and active
disease groups. Results: None of the participants reported gastrointestinal manifestations.
The lactulose/mannitol (LA/MA) ratio, a global index of small intestinal permeability,
showed no significant difference between JIA patients and controls, suggesting preserved
overall barrier function. However, urinary excretion of lactulose, mannitol, and sucralose
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was significantly higher in JIA patients, while sucrose excretion was significantly lower,
indicating segment-specific alterations in small intestinal, colonic, and gastric permeability.
These abnormalities were consistently present, even in patients in clinical remission. No
statistically significant differences were observed between remission and active disease
groups, though a trend toward increased permeability was noted in the latter. Conclu-
sions: Children with JIA exhibit segmental GP alterations that persist independently of
clinical disease activity. Despite the relatively small population, this exploratory study sug-
gests subclinical mucosal dysfunction and the need for further investigation into how the
gut–joint axis may be playing a role in JIA pathogenesis, including via intestinal microbiota.

Keywords: intestinal permeability; juvenile idiopathic arthritis; mucosal barrier

1. Introduction
The gut microbiota plays a crucial role in maintaining immune homeostasis, and

its involvement in rheumatic diseases is becoming increasingly evident. Alterations in
microbiota composition can lead to changes in gut permeability (GP), contributing to
immune dysregulation and systemic inflammation [1–4]. When the intestinal barrier is
compromised, not only microbial antigens but also bacterial metabolites and signaling
molecules can cross or modulate epithelial and immune pathways. This can contribute
to systemic immune activation and inflammation beyond mere antigen translocation [5].
This mechanism provides a biologically plausible link between intestinal and articular
inflammation.

In this context, the gut–joint axis has emerged as a focus of growing interest, especially
in Juvenile Idiopathic Arthritis (JIA). Several studies have proposed that gut dysbiosis may
serve as a potential pathogenetic factor in JIA, influencing disease onset and progression
by modulating mucosal immunity and systemic inflammatory responses [6–9]. A growing
body of evidence suggests a strong link between disruptions in the gut microbiome and
the development of JIA [10]. In fact, early-life practices such as minimizing antibiotic
treatments, supporting breastfeeding, and vaginal delivery may offer some protection
against the onset of JIA [10]. In particular, some studies have specifically investigated
the link between early antibiotic exposure and subsequent JIA, consistently reporting a
modest yet significant, dose-dependent increase in risk [11–14]. Antibiotics, especially
when given in the first years of life, can induce lasting alterations in the microbiome, and
the loss of beneficial commensal species may impair immune tolerance and increase the
risk of autoimmunity [15]. Breastfed infants develop a distinct gut microbiome character-
ized by higher levels of Bifidobacteria and Lactobacillus, which in turn supports healthier
immune maturation [16,17]. Breastfeeding may protect against the risk of some autoim-
mune diseases, including type I diabetes mellitus, inflammatory bowel disease (IBD), and
JIA [18,19]. Other factors that may contribute to JIA onset are oral and fecal microbiomes.
The frequent coexistence of gingivitis/periodontitis and inflammatory arthritis points to-
ward a common pattern of immune dysregulation affecting both sites. According to the
mucosal origin hypothesis, the immune activity occurring at the oral mucosa may directly
contribute to the systemic immune response characteristic of inflammatory arthritis [20].
Oral dysbiosis associated with periodontitis or gingivitis has also been linked to reduced
gut microbial diversity. Moreover, conditions such as IBD can present with inflammatory
arthritis, further supporting a connection between mucosal immune disturbances and
systemic autoimmunity. Several investigations have examined the gut microbiome in
JIA using fecal samples to amplify distinct regions of the 16S rRNA gene, consistently
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showing an association between dysbiosis and the disease [10]. Individuals with JIA also
exhibit increased intestinal expression of human leukocyte antigen–DR isotype (HLA-DR),
reflecting heightened antigen presentation, together with reduced mRNA expression of key
anti-inflammatory mediators [8]. An unbalanced microbiota often results in the overgrowth
of Gram-negative bacteria, fostering an environment characterized by oxidative stress, low-
grade inflammation, and the generation of pro-inflammatory microbial metabolites such as
lipopolysaccharides (LPS) [4]. Compared with healthy controls, JIA patients (oligoarticular
and polyarticular) show higher levels of Escherichia coli anti-core lipopolysaccharide (LPS)
antibodies and LPS-binding protein, correlating with disease activity score [21].

Although disruption of intestinal homeostasis in autoimmune conditions is increas-
ingly recognized, it remains unclear whether gut dysbiosis acts as a trigger or a conse-
quence of systemic inflammation. Emerging evidence suggests a bidirectional relationship:
systemic inflammation can alter the gut environment, promoting the overgrowth of pro-
inflammatory taxa, while microbial dysbiosis itself may sustain immune activation through
the release of metabolites and cytokine-mediated signaling. This reciprocal interaction may
contribute to chronic mucosal imbalance and disease persistence [1–6].

Despite these associations, only a limited number of studies have explored the rela-
tionship between GP and JIA [22–24]. Possibly linking the mucosal and systemic immune
reactivity, Picco and colleagues have shown increased gut permeability in JIA based on
LA/MA testing compared to controls, similar to findings in RA [22].

Understanding whether alterations in GP correlate with joint inflammation could
provide clinically relevant insights. If GP changes precede or accompany disease activity,
this would support the view that mucosal barrier dysfunction is integral to the pathogenesis
of JIA. In addition, if GP alterations persist during remission, they may indicate a long-
lasting or intrinsic mucosal imbalance, potentially amenable to therapeutic intervention.

Considering these considerations, the primary aim of our study was to evaluate GP in
patients with JIA by assessing not only global intestinal permeability but also, for the first
time in the literature, the segmental gastrointestinal permeability. In this study, the term
‘segmental permeability’ refers to the evaluation of distinct regions of the gastrointestinal
tract (stomach, small intestine, and colon) using specific sugar probes (sucrose, lactulose,
mannitol, and sucralose) that selectively reflect mucosal integrity at each level.

The secondary aim was to investigate the association between GP alterations and
disease activity in our JIA cohort, thereby assessing whether barrier dysfunction correlates
with clinical inflammation or persists independently of disease status.

2. Materials and Methods
This prospective study included consecutive patients with JIA in different phases of

disease activity who were routinely evaluated at the Paediatric Rheumatology Department
of Giovanni XXIII Hospital of Bari under a tight control follow-up and standard laboratory
tests between 2023 and 2024. Patients were eligible for inclusion if they had a diagnosis of
oligoarticular or polyarticular JIA, were between 3 and 18 years old, and had discontinued
therapy with non-steroidal anti-inflammatory drugs (NSAIDs for at least three consecutive
days), oral corticosteroids, methotrexate (MTX), or biologic agents for at least three months
before enrollment. Patients with coexisting organic or functional gastrointestinal diseases,
diabetes mellitus, food allergies, or liver disease were excluded. Newly diagnosed patients
or patients with active disease were enrolled if they had not received oral therapy before
the test. Only steroid joint infiltrations were allowed before the test.

For each patient enrolled in the study, written informed consent was obtained from par-
ents or legal guardians. The protocol was approved by the Institutional Ethical Committee
(Approval Number: 7612 of 2 February 2023).
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GP was assessed using the Gastropack Mass-Q test according to manufacturer instruc-
tions (Supplementary Materials) [25]. One week prior to testing, patients were instructed
to avoid any use of probiotics. On the day before the test, consumption of sweet foods
was not permitted. The evening meal before the test consisted of meat or fish, with no
intake of carbohydrates or dairy products. After dinner, patients were allowed to drink
only water. On the day of the test, a baseline urine sample was collected. Subsequently,
each patient ingested an oral solution composed of water containing four sugar probes: 5 g
of lactulose, 1 g of mannitol, 20 g of sucrose, and 1 g of sucralose. Six hours after ingestion
of the sugar solution, a second urine sample was collected. During the entire test period,
patients remained fasting but were required to drink at least 500 mL of water. The urinary
concentrations of the ingested sugars were analyzed. Although reference values have been
reported in the literature [26], they are available only for some parameters, such as lactulose
and mannitol, and are based on a small number of subjects. Therefore, we enrolled our
own control population to provide a more reliable comparison for the study results.

Lactulose absorption reflects small intestinal mucosal integrity, while mannitol absorp-
tion indicates villous surface area and trans-epithelial permeability. Both sugars are inert
and non-metabolizable and are excreted entirely in the urine within six hours of ingestion,
making them ideal probes for evaluating small bowel function [22,23]. Under physiological
conditions, lactulose is absorbed at very low levels (<1%); elevated urinary excretion is
considered indicative of increased intestinal permeability [22,23]. The LA/MA ratio, a
composite index of small intestinal permeability, is the standard reference for assessing
global intestinal barrier function [22,23,25]. Each probe targets a different gastrointestinal
segment, and absolute recoveries were analyzed when ratio data were unavailable [27–29].

The same day, after the collection of the baseline urine sample and ingestion of the oral
solution, a rheumatological assessment was performed and disease activity was evaluated
using the JADAS10 score. This validated tool categorizes JIA activity into four distinct states
(remission, low, moderate, and high disease activity) based on the score obtained during
the clinical visit [30]. All patients underwent a detailed clinical assessment, including
evaluation for gastrointestinal symptoms such as abdominal pain, diarrhea, bloating,
or altered bowel habits. During the clinical evaluation, a detailed medical history was
collected, with particular attention to the use of any medications in the previous month.

The control group consisted of healthy children, evaluated for “functional joint pain”,
who underwent standard routine laboratory tests, including erythrocyte sedimentation rate
and C-reactive protein, all within normal ranges, showing no evidence of inflammation or
organic disease.

These individuals underwent the same intestinal permeability test under identical
conditions and exhibited no clinical or laboratory evidence of inflammatory disease.

Statistical Analysis

The level of statistical significance (alpha) was set at 0.05. Continuous variables were
expressed as mean ± standard deviation (SD) or interquartile range as appropriate, while
categorical variables were reported as frequencies and percentages. Group comparisons
for continuous variables were initially performed using parametric analysis of variance
(ANOVA). When appropriate, non-parametric tests, including the Mann–Whitney test and
the Kruskal–Wallis test, were applied to assess differences between groups. Associations
between categorical variables were analyzed using the chi-square test. Correlations be-
tween continuous variables were evaluated using Spearman’s rank correlation coefficient
(Spearman’s rho, r), to account for potential non-linear relationships.
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3. Results
A total of 30 patients with JIA were enrolled in the study, comprising 16 females

(53%) and 14 males (47%). The control group included 22 healthy subjects (10 males and
12 females). All participants successfully completed the GP test. The age of participants
ranged from 4 to 17 years, with a mean age of 11.3 years.

Among the JIA patients, 25 were diagnosed with the oligoarticular subtype and 5
with the polyarticular subtype. At the time of evaluation, 26 patients (87%) were in clinical
remission, while 4 patients (13%) had active disease, 2 with moderate and 2 with low
disease activity, according to the JADAS10 scoring system. The mean JADAS10 score
across the cohort was 0.89, consistent with a remission state. Mean disease duration was
68.3 months (range: 6–168 months).

All patients had previously been treated with NSAIDs during the early phase of
disease, either prior to diagnosis or during disease flares. Nine patients had received oral
corticosteroids due to a polyarticular course, inadequate response to methotrexate (MTX),
or prior to initiating biologic therapy. Eleven patients were treated with MTX, either for a
polyarticular course or following insufficient response to intra-articular steroid injections.
Two patients required biologic therapy due to lack of response to MTX, one with etanercept
and one with adalimumab. All JIA patients were off any immunosuppressive treatment for
at least three months before undergoing the GP test. Timing of therapy discontinuation
was 34.9 months (range: 4–81 months). All patients did not have any oral therapy in the
last 3 months (NSAIDs for at least three consecutive days, oral steroids, MTX, or biologics).
None of the participants reported overt gastrointestinal manifestations at the time of the
study.

Demographic data for both patients and controls are presented in Table 1.

Table 1. Baseline Demographic and Clinical Features of Participants.

Characteristic JIA Patients
(n = 30)

Healthy Controls
(n = 22)

Age (years) 4.7–17.1
(mean: 11.1)

5.1–17.3
(mean: 11.4)

Female sex 16 (53%) 12 (55%)
Male sex 14 (47%) 10 (45%)

JIA subtype 25 oligoarticular (83%)
5 polyarticular (17%) —

Disease status 26 in remission (87%)
4 active disease (13%) —

Mean JADAS10 score 0.89 (indicative of remission) —
Antibiotic use (30 days before the study) — —
Probiotic use (30 days before the study) — —
Laxative use (30 days before the study) — —
NSAID exposure (prior to study) All patients —
Oral corticosteroids (prior use) 9 patients —
Methotrexate (prior use) 11 patients —
Biologic therapy (prior use) 2 patients (1 etanercept, 1 adalimumab) —
Off treatment for ≥3 months All patients —

When assessing overall small intestinal permeability using the (LA/MA) ratio. No
significant differences were found between JIA patients and healthy controls, suggesting
normal GP in the JIA group (Table 2, Figure 1). Analysis of individual sugar absorption
revealed significant abnormalities in the JIA group compared to controls (Figure 2). Specif-
ically, JIA patients exhibited increased urinary excretion of lactulose, reflecting altered
permeability of the small intestinal mucosa (Figure 2A); increased mannitol excretion,
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indicative of changes in villous absorption (Figure 2B); and elevated sucralose excretion,
consistent with increased colonic permeability (Figure 2C). In contrast, sucrose excretion,
which reflects gastric permeability, was significantly reduced in JIA patients compared to
healthy controls (Figure 2D). Table S1 reports the effect sizes (Cohen’s d) and the corre-
sponding 95% confidence intervals.

For the LA/MA ratio, which did not differ significantly between groups (U = 389.5,
p = 0.274, rank-biserial correlation rrb* = −0.18, 95% CI −0.46 to 0.14), a post hoc power
analysis based on the observed effect size (Cohen’s d = 0.34) and sample sizes (30 patients,
22 controls) indicated an achieved power of only 22% (two-sided α = 0.05), suggesting that
this non-significant finding may largely reflect limited statistical power rather than the
absence of any between-group difference.

When stratifying patients by disease activity, a trend toward altered intestinal per-
meability was observed in patients with active disease compared to those in remission,
although this difference did not reach statistical significance (p = 0.09; Figure 3). Further
analysis of individual sugar absorption by disease activity status did not reveal any statisti-
cally significant differences for lactulose, mannitol, sucralose, or sucrose between patients
in remission and those with active disease (Figure 4).

Table 2. Segmental Gut Permeability in JIA Patients and Healthy Controls.

Parameter JIA Patients Healthy Controls p-Value Reference Values
[26]

Lactulose/Mannitol ratio
(LA/MA)
Mean (IQR)

0.022
(0.019–0.024)

0.02
(0.018–0.022) NS 0.024 ± 0.006

Lactulose (%)
Mean (IQR)

0.242
(0.196–0.299)

0.165
(0.143–0.198) <0.001 0.33 ± 0.13

Mannitol (%)
Mean (IQR) 18.22 (8.28–31.63) 8.27 (7.44–9.31) <0.005 14.12 ± 6.63

Sucralose (%)
(Mean ± SD) 1.32 ± 0.41 0.93 ± 0.28 <0.005 Not available

Sucrose (%)
(Mean ± SD) 0.06 ± 0.022 0.08 ± 0.02 <0.005 Not available

LA/MA—Remission vs. Active Remission: ~0.030
Active: ~0.023 — 0.09

 

Figure 1. Intestinal permeability in JIA patients assessed by the lactulose/mannitol (LA/MA) ratio,
stratified by disease activity. No significant difference was observed between patients in remission
and those with active disease. Both groups demonstrated values within the normal range, consistent
with preserved gut barrier function. Mean values and interquartile range.



Children 2025, 12, 1663 7 of 14

 

Figure 2. Intestinal absorption profiles of the four sugar probes in patients with Juvenile Idiopathic
Arthritis (JIA) compared to healthy controls. Urinary excretion of lactulose (A), mannitol (B), and
sucralose (C) was significantly increased in the JIA group, indicating enhanced permeability of
the small intestinal mucosa, villous surface, and colonic mucosa, respectively. In contrast, sucrose
excretion (D), reflecting gastric permeability, was significantly reduced in JIA patients relative to
controls. These findings suggest a complex and segment-specific alteration of gastrointestinal barrier
function in JIA. Mean values and interquartile range (lactulose and mannitol), mean values and SD
(sucralose and sucrose).

 

Figure 3. Lactulose/mannitol (LA/MA) ratio in patients with Juvenile Idiopathic Arthritis (JIA),
stratified by disease activity status. Remission disease activity is defined as JADAS10 <1.4 for oligoar-
ticular patients or JADAS10 <2.7 in the case of polyarticular patients. Patients in remission exhibited
a slightly higher LA/MA ratio compared to those with active disease, although the difference was not
statistically significant. These findings suggest that overall intestinal permeability, as measured by the
LA/MA ratio, remains relatively stable regardless of disease activity. Mean values and interquartile
range.
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Figure 4. Urinary excretion of the four sugar probes in patients with Juvenile Idiopathic Arthritis
(JIA), stratified by disease activity status. Remission disease activity is defined asJADAS10 <1.4
for oligoarticular patients or JADAS10 <2.7 in the case of polyarticular patients. No statistically
significant differences were observed between patients in remission and those with active disease
for lactulose (A), mannitol (B), sucralose (C), or sucrose (D). Mean values and interquartile range
(lactulose and mannitol), mean values and SD (sucralose and sucrose).

4. Discussion
The association between gastrointestinal tract inflammation and joint involvement is

well established. However, data regarding alterations in the intestinal mucosal barrier and
the specific characteristics of intestinal inflammation in JIA remain limited [6–9].

Mielants et al. first demonstrated the relevance of intestinal inflammation in JIA,
reporting histological evidence of colonic and terminal ileum inflammation in 9 out of
12 patients (75%) undergoing colonoscopy for late-onset juvenile chronic arthritis [31].
Kokkonen et al. further highlighted immune activation in the gastrointestinal mucosa of
children with JIA or connective tissue diseases, identifying lymphoid nodular hyperplasia
and increased CD3+ lymphocyte infiltration as key findings in children presenting with
gastrointestinal symptoms [32]. Arvonen et al. observed an elevated number of γδ intraep-
ithelial lymphocytes in JIA patients, suggesting an abnormal cytotoxic response within the
intestinal mucosa [33]. In another histopathological study, Pichler et al. documented mu-
cosal inflammation in 85% of JIA patients undergoing biopsy for gastrointestinal symptoms,
with eosinophilia present in one-third of cases, suggesting a complex interplay between
immune dysregulation and intestinal epithelial integrity [34].

The integration of these findings with our results points to a model in whichsubclinical
mucosal immune dysregulation and microbiota-driven barrier dysfunctionpersist in JIA,
contributing to disease pathogenesis. We aimed to further characterize mucosal alterations
in JIA by assessing segment-specific GP. To our knowledge, this is the first study evalu-
ating not only small intestinal permeability via the LA/MA ratio but also region-specific
permeability in the stomach, small intestine, and colon using individual sugar probes.

The intestinal permeability test presents some limitations. It is time-consuming, and
several confounding factors, such as differences in intestinal motility, mucosal surface area,
epithelial integrity, renal function, bacterial degradation, gastric dilution, and diet, may
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influence the interpretation of results. Moreover, the absence of standardized protocols
contributes to variability across studies. Hence, the results should be viewed with caution in
light of these methodological limitations and potential confounding factors. As suggested
by recent reports, greater uniformity in probe selection, test duration, and fasting conditions
may help reduce such inconsistencies [35].

In our cohort, although the LA/MA ratio did not differ significantly between JIA
patients and healthy controls (Figure 1), suggesting preserved overall small intestinal
permeability, a post hoc power analysis showed an achieved power of only 22%. Therefore,
this non-significant finding should be interpreted with caution, as it may largely reflect
limited statistical power rather than the absence of a true between-group difference. We
observed significantly elevated urinary recovery of both lactulose (Figure 2A) and mannitol
(Figure 2B) in JIA patients, even in clinical remission, indicating subclinical alterations in
small intestinal permeability. The increased mannitol absorption likely compensates for the
elevated lactulose absorption, thus maintaining a normal LA/MA ratio. These findings
imply that despite remission, mucosal barrier abnormalities persist in JIA.

Our results are in partial agreement with Picco et al., who reported increased intestinal
permeability in a cohort of JIA patients using the LA/MA ratio measured by gas chromatog-
raphy. However, most of their cohort had active disease and ongoing NSAID treatment,
potentially contributing to the observed changes [22]. In contrast, our study included
only patients who had been off therapy for at least three months, thereby minimizing
pharmacological confounding. Nevertheless, previous exposure to anti-inflammatory or
immunomodulatory agents may have had residual effects on mucosal permeability that
cannot be entirely excluded.”

Although we observed a trend toward increased intestinal permeability in patients
with active disease (Figure 3), this association did not reach statistical significance (p = 0.09),
likely due to the limited number of patients in the active disease group (n = 4). Still, our
findings support the hypothesis that mucosal barrier disruption may be more pronounced
during disease flares.

The influence of NSAIDs on gastrointestinal permeability is well-documented. Nev-
ertheless, Weber et al. found no significant difference in LA/MA ratios between NSAID-
treated JIA patients and healthy controls, suggesting that not all NSAID regimens result
in measurable permeability alterations [23]. Our study controlled for this variable by
excluding patients with recent NSAID exposure, further strengthening the reliability of our
findings.

Interestingly, our JIA cohort also demonstrated significantly increased sucralose ab-
sorption (Figure 2C), suggesting altered colonic permeability even in remission. This novel
finding, not previously described in JIA literature, indicates persistent colonic mucosal ab-
normalities, further supporting the hypothesis of subclinical gastrointestinal involvement.

Conversely, we observed significantly reduced sucrose absorption in JIA patients
compared to controls (Figure 2D), indicating impaired gastric permeability. This could
reflect residual functional damage to the gastric mucosa from previous use of NSAIDs,
corticosteroids, MTX, or biologic therapies—even though all patients had been off treatment
for at least three months. This contrasts with Weber et al., who reported increased sucrose
absorption in NSAID-treated JIA patients, likely due to drug-induced gastric mucosal
injury and enhanced translocation [23].

Stratification by disease activity revealed no statistically significant differences in
absorption of any of the four sugars (Figure 4). However, when considered alongside the
elevated absorption of lactulose, mannitol, and sucralose in JIA patients, even in remission,
our findings suggest persistent segmental permeability abnormalities despite normalized
global gut function.
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These results are consistent with emerging literature demonstrating that the gut
microbiota can modulate both local and systemic immune responses [36,37]. Notably,
studies have shown that commensal bacteria, not only pathogens, may be sufficient to
initiate joint inflammation in susceptible hosts [38,39]. In autoimmune conditions, dysbiosis
can compromise mucosal integrity, leading to increased permeability and reduced immune
tolerance toward commensals [40–47]. Previous studies have indeed identified elevated
intestinal permeability in JIA patients [22,48].

The growing body of evidence linking gut microbiota to rheumatic diseases under-
scores the potential role of lifestyle and dietary habits in shaping microbiota composition
and triggering dysbiosis. This, in turn, may promote abnormal sugar absorption, disrupt in-
testinal permeability, and contribute to systemic immune dysregulation, including synovial
inflammation [49–52].

Crucially, our findings demonstrating altered segmental permeability in JIA (increased
lactulose, mannitol, and sucralose absorption) provide a vital physiological foundation
for the systemic mechanisms underlying the gut–joint axis. These results align with and
are complemented by a recent systematic review and meta-analysis exploring the role of
tryptophan-derived microbial metabolites in modulating systemic inflammation and noci-
ception in arthropathies, such as osteoarthritis [53]. The compromised segmental intestinal
barrier we observed could therefore represent the pathway through which these altered
metabolites or microbial products enter the systemic circulation, potentially contributing to
the persistence of inflammation and associated pain in JIA.

Furthermore, the translational potential of these findings is strongly reinforced by lit-
erature showing that lifestyle-based interventions (e.g., exercise, probiotics) can effectively
modulate the gut microbiome and improve outcomes, including pain levels, in patients with
chronic widespread pain [54]. Identifying persistent mucosal barrier abnormalities in JIA,
even during remission, suggests that these patients may particularly benefit from targeted
therapeutic strategies aimed at restoring intestinal barrier integrity and re-establishing
eubiosis.

Our findings suggest that in JIA patients in remission, increased absorption of lactulose,
mannitol, and sucralose reflects persistent permeability alterations in the small intestine and
colon. However, mannitol hyperabsorption may act as a physiological buffer, maintaining
a normal LA/MA ratio despite these abnormalities. We hypothesize that in active disease,
mannitol absorption decreases, disrupting this balance and resulting in elevated global GP
and systemic immune activation.

This study also has some limitations that should be acknowledged. The sample
size was relatively small, particularly in the subgroup of patients with active disease,
which limits the strength of statistical comparisons and the generalizability of the findings.
For this reason, a direct comparison between patients with active disease and healthy
controls could not be performed. The cross-sectional and exploratory design does not
allow the establishment of causal relationships between intestinal permeability alterations
and disease activity. In addition, potential confounding factors inherent to the intestinal
permeability test itself, as previously discussed, cannot be completely ruled out. Therefore,
the findings should be considered preliminary and interpreted with due caution.

To validate our hypothesis, future studies with larger cohorts of JIA patients in active
disease are warranted.

5. Conclusions
In conclusion, this study provides novel insight into the segment-specific alterations

of intestinal permeability in patients with JIA, evaluating for the first time the absorption
patterns across all major compartments of the gastrointestinal tract. Despite a globally
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preserved GP profile, JIA patients in clinical remission demonstrated abnormal absorption
of lactulose, mannitol, sucralose, and sucrose compared to healthy controls. These findings
suggest persistent, subclinical mucosal dysfunction and support the hypothesis that the gut
microbiota may act as a key immunological regulator in the pathogenesis and maintenance
of JIA, even in the absence of overt inflammation.

The small number of patients with active disease represents a limitation of this study;
however, its prospective design and the inclusion of a well-characterized, treatment-free
cohort strengthen the validity of the observations. These results underscore the importance
of evaluating intestinal function beyond conventional inflammation markers and point to
GP testing as a promising tool in understanding immune dysregulation in JIA.

Further studies in larger cohorts, particularly focusing on patients during active
disease flares, are essential to validate these findings and to explore the therapeutic impli-
cations of targeting gut barrier function and the intestinal microbiota in pediatric rheuma-
tology.
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