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ARTICLE INFO ABSTRACT

Keywords: The hypothesis that environmental factors may contribute to the development of juvenile idiopathic arthritis
Jfl"emle idiopathic arthritis (JIA) arises from the variability observed in the incidence of its various subtypes across different geographic
Jia regions and ethnic groups. However, despite decades of research, the evidence of most associations remains weak
Environmental factors . . . . .

Breastfeedi and subject to confounding factors. In recent years, a number of environmental factors have been investigated for

reastieedin, . . N . .

Antibiotics & a possible role in the development of JIA, as risk factors or protective agents. As a result, the most plausible
Infections pathogenic pathway involves early-life gut microbiota disruption, particularly in relation to early antibiotic
Smoking exposure. Prenatal factors such as maternal diet and weight gain, and smoking and pollutant exposures during

pregnancy require further clarification and should be interpreted with caution given the limitations of existing
data. Other associations with perinatal events, such as breastfeeding and caesarean section delivery, living or
socioeconomic conditions, and infections, remain suggestive but not definitive. Furthermore, the complexity of
JIA as a heterogeneous group of diseases underscores the difficulty of identifying universal environmental
drivers. In order to better define the role of environmental factors in JIA development, there is a need for a shift
from retrospective, population-based studies to an integrated and longitudinal research approach. This step
requires international, harmonized datasets and collaborative consortia, possibly employing existing interna-
tional networks. Until robust evidence emerges, the current knowledge should be interpreted cautiously,
avoiding oversimplified or causal claims.

1. Introduction years ago by the International League of Associations for Rheumatology

and comprise oligoarticular JIA, (rtheumatoid factor positive and nega-

Juvenile idiopathic arthritis (JIA) is the most common chronic
rheumatic disease in childhood, with an estimated incidence varying
from 1.6 to 23/100,000/year and an estimated prevalence ranging from
3.8 to 400,/100,000. % It is widely accepted that JIA is not a single
disease, as under this umbrella term are grouped at least five different
subtypes of chronic arthritides of unknown origin with onset before the
age of 16.>" The current classification criteria were developed >20

tive) polyarticular JIA, systemic JIA/Still’s disease, psoriatic arthritis,
and enthesitis-related arthritis (ERA); forms fulfilling criteria for more
forms or not fulfilling any criteria for a specific subtype are categorized
as undifferentiated JIA."> Over the past years, a growing need for a
more accurate and specific classification system emerged, and a revision
process has been initiated by the Paediatric Rheumatology INternational
Trials Organization (PRINTO).®
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Notably, JIA is more common in females than males (estimated
incidence of 10 vs. 5.7/100,000/year, estimated prevalence ratio of
6.6-3:1), and there is a substantial variability in the prevalence of the
different JIA subtypes across diverse world regions.””*® For instance,
oligoarticular JIA is the most common form in individuals of European
ancestry, polyarticular JIA is most often observed in non-White cohorts,
ERA is more common in southeastern Asia, and systemic JIA/Still’s
disease is more commonly observed in Africa, Asia, Latin America, and
the Middle East.*®?"'! In this context, environmental factors appear to
play a relevant role in both the development and progression of the
disease.'”>"'® The aim of this narrative review is to summarize the cur-
rent state of knowledge in the field and outline future directions to better
characterize the impact of environmental determinants on JIA. To this
end, relevant medical literature from the past 30 years has been
reviewed, including narrative and systematic reviews and research
articles.

2. Parental and prenatal factors

In recent years, there has been interest in possible associations be-
tween parental and prenatal factors and JIA. Firstly, according to a
recent systematic review and meta-analysis, there is no evidence that
maternal or paternal age has a role in the development of the dis-
ease.'>” Conversely, a protective effect was found for maternal multi-
parity but with uncertain estimates.'>'® Single studies reported an
increased risk of developing JIA for children of mothers with fertility
issues'® or with maternal lower cutaneous sun exposure, with a
dose-dependent effect.’” The presence of (any) siblings and maternal
prenatal smoking seem to have a protective effect on JIA development

Table 1
Environmental factors associated with juvenile idiopathic arthritis.

Global Pediatrics 16 (2026) 100336

later in life.'® %2122 However, most of the evidence for a protective role
for prenatal smoking in JIA arises from a single case-control study where
the authors could not rule out the potential effect of confounding such as
socioeconomic status.”’ Furthermore, a subsequent study conducted by
the same study group did not find any association between JIA and
household or maternal prenatal smoking®®, while different authors
found an increased risk for intrauterine cigarette smoke exposure.”*
Birth order and sibling number do not seem to have a consistent asso-
ciation with the development of JIA.'® According to a population-based
prospective birth cohort of >15,000 children, consuming fish more than
once a week during pregnancy could be linked to an increased risk of
JIA, possibly due to exposure to heavy metals in the diet.” Interestingly,
more recent research found a modestly increased risk of JIA associated
with high maternal intake of lean/semi-oily fish during pregnancy even
though this association was not explained by estimated exposure to di-
etary contaminants.’® Some authors reported that prenatal exposure to
air pollution (sulfur dioxide) may represent a risk factor for JIA devel-
opment.”* The role of antibiotics during pregnancy has been largely
investigated; however, according to the latest evidence, there is no as-
sociation between prenatal antibiotic exposure and JIA (Table 1.7

3. Perinatal factors

A number of perinatal environmental factors have been linked to JIA
in the literature. Among them, the strongest association is with
caesarean section delivery.]7 According to a recent systematic review
and meta-analysis, there is a slightly increased risk for caesarean versus
vaginal delivery.'® However, among the three studies included in the
meta-analysis, only the one with the greatest weight was statistically

Environmental factors Possible association Evidence level

Interpretation

Parental and prenatal factors
Maternal multiparity
Prenatal smoking

Protective effect
Protective effect (counterintuitive)

Single studies

High fish/lean or semi-oily fish ~ Increased risk
intake during pregnancy

Maternal fertility problems

Maternal lower sun exposure
(dose-dependent effect)

Prenatal SO2 exposure

Perinatal factors

Cesarean delivery

Increased risk
Increased risk

Single study'®
Single study®’

Increased risk Single study”*

Increased risk

Elective vs emergency Increased risk Single study”®
cesarean

Low Apgar score (<6)

Ideal maternal weight gain
during pregnancy

Early-life factors

Early antibiotic exposure

Single study'”
Single study”*

Protective effect
Protective effect

Increased risk (dose-dependent
effect suggested by some authors)

Multiple studies

Early fish consumption Increased risk Single study”

Socioeconomic and living
factors
Higher socioeconomic level

Increased risk Single study”

Urban living Increased risk Single study”

Moderate air pollutant (ozone)  Increased risk Single study”*

exposure
Other factors
Infections

Increased risk Multiple studies

Having any siblings Protective effect

18,22,42

Meta-analyses (pooled OR
0.70, 95% CI: 0.58, 0.84)"”

Population-based cohorts™

Meta-analyses (pooled OR
1.11, 95% CI: 1.01, 1.22)"?

27,35-39

13,17,44-47

Meta-analyses (pooled OR 0.6,
95% CI: 0.44, 0.81)"°

Imprecise estimates

Most of the pooled analysis based on a single study (weight 85%) with
likely socioeconomic confounding®!, opposite results from a subsequent
study from same authors>*

5,26 Mechanisms unclear, not fully explained by contaminants (heavy metals)
Possible confounders

Possible confounders

Possible confounders

Most of the pooled analysis based on a single study (weight 59.1%)."”
Mechanisms likely related to disrupted neonatal microbiota acquisition
Possible confounders

Possible confounders
Possible confounders

Possible confounders such as infections. Mechanisms likely related to
long-lasting influence on the composition and diversity of the gut
microbiota

Mechanisms unclear, not fully explained by contaminants (heavy metals)

Mechanisms may reflect hygiene hypothesis; findings not consistently
replicated

Mechanisms may reflect hygiene hypothesis; findings not consistently
replicated

Possible confounding, no dose-dependent gradient

No specific pathogen definitively implicated, analyses often unadjusted
for confounding

Overall effect uncertain; likely confounded by socioeconomic status,
birth order, household microbial exposure




S. La Bella et al.

significant, and confounding factors may have influenced the
results. 171823 gome authors highlighted a role for elective caesarean
delivery alone, with no evidence for acute caesarean delivery.?® Despite
single studies reporting a possible increased risk for children born
pre-term”® or with high birth weight'”, and a reduced risk for children
born pre-term'” or with low birth weight®’, there is no evidence from
the pooled analysis that delivery timing (pre- or post-term) and birth
weight (absolute and relative to gestational age) are associated with JIA
development.'® Little evidence from single studies has been reported for
a possible protective effect for low Apgar score'’, ideal maternal weight
gain®*, and specific birth months>’; however, subsequent reports did not
find any association between JIA and birth season.*

4. Early life factors

The role of breastfeeding has been largely investigated for a possible
association with JIA development. However, there is no evidence that
breastfeeding duration and status may have a role in the process (pro-
tective effect), and only single case-control studies®' have found sig-
nificant results, but these data were not confirmed by subsequent
reports. 5253233 A different study group reported that a longer duration
of breastfeeding may protect against JIA development®® but, again,
these findings have not been confirmed by other reports.'**>>? Similar
to pregnancy, also consuming fish more than once a week during a
child’s first year has been found to have an increased risk of developing
antinuclear antibody positivity and JIA.'>%

Early-life antibiotic exposure has extensively been studied for a
possible association with the development of JIA.?”>*"*° Indeed, the use
of systemic antibiotics during the first months of life may cause a
long-lasting influence on the composition and diversity of the gut
microbiota in children, with unexpected long-term effects.*>*! Ac-
cording to a large case-control study conducted in a wide
population-representative medical records database from the United
Kingdom, antibiotics were associated with newly diagnosed JIA in a
dose- and time-dependent manner, and the relationship was strongest
for exposures within 1 year of diagnosis.>® Similar results were found
from different authors conducting a large national case-control study in
Finland, especially for lincosamides and cephalosporins and in the
overall exposure to antibiotics before 2 years of age.*® A dose-dependent
effect was also confirmed by subsequent studies, as well as a stronger
risk for broad-spectrum antibiotics and sulfonamides/trimetho-
prim.?”>*’ In a subsequent study, a direct analysis of stool samples from
JIA patients highlighted a higher abundance of Acidaminococcales,
Prevotella 9, and Veillonella parvula than controls, and a lower abun-
dance of Coprococcus, Subdoligranulum, Phascolarctobacterium, Dia-
lister spp., Bifidobacterium breve, Fusicatenibacter saccharivorans,
Roseburia intestinalis, and Akkermansia muciniphila.*” Increased anti-
biotic exposure and shorter breastfeeding duration may compound risk
in a dose-dependent manner.>”

5. Socioeconomic and living factors

Living and socioeconomic factors may have a role in JIA develop-
ment. However, these factors have been investigated by a relatively low
number of studies, and the results that have emerged are not based on
robust evidence.'® As an example, only single studies reported an as-
sociation (increased risk) between JIA development and higher
maternal education®” and higher household income.*? Furthermore,
according to one of these studies, children living in an urban flat may
have a higher risk of developing JIA than children living on a farm.*?
However, again, these associations have not been confirmed by addi-
tional reports focusing on early life contact with animals or residential
area data from other studies.'®?>?° As an air pollutant, exposure to
moderate levels of ozone (2nd tertile in the study, 80.8-87.1 pg/m®)
during the second year of life has been advocated as a significant risk
factor for the pathogenesis of JIA.”* Nevertheless, in this study there was
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no evidence of an association between exposure to higher levels of ozone
(3rd tertile in the study, >87.1 ug/m®) and JIA (overall and regarding
different subtypes), raising doubts on the role of confounding factors.**
Some authors highlighted how climate change and extreme heat have
also increased the rate of allergic diseases in children®; this phenomena
might also play a role in pediatric autoimmune diseases, including JIA.

6. Other factors

Infectious agents have long been suspected as triggers, but no spe-
cific pathogen has been definitively implicated, as most data come from
unadjusted analyses and evidence arises from single research
studies.'>'® According to a large register-based case-control study, in-
fections during the first year of life increase the risks for JIA and sero-
negative rheumatoid arthritis.'” Other studies highlighted a possible
role in JIA for upper respiratory tract infections,* mycoplasma pneu-
moniae,”® and parvovirus B19.*®*” Nevertheless, additional research
did not confirm these data, and the role of such infections has not been
fully elucidated.'® Lastly, a recent study evaluating the role of faecal
microbiome in new-onset JIA patients did not find any significant dif-
ference in stool samples from healthy controls.*®

7. Environmental factors associated to JIA: a balanced
viewpoint

The hypothesis that environmental factors may contribute to the
development of JIA arises from the variability observed in the incidence
of its various subtypes across different geographic regions and ethnic
groups. Moreover, as in most autoimmune diseases, females are more
frequently affected than males, probably reflecting intrinsic epigenetic
mechanisms. The available evidence suggests that environmental factors
may influence disease susceptibility through effects on immune matu-
ration, microbiota composition, and epigenetic regulation. However,
although decades of research, the strength of most associations remains
weak and subject to confounding factors. Studies evaluating maternal
sun exposure, pollution, and dietary habits during pregnancy provide
suggestive but inconclusive associations. Similarly, some associations
between prenatal maternal smoking and a reduced risk of JIA devel-
opment appear somehow statistically significant but biologically coun-
terintuitive and likely confounded by socioeconomic or behavioural
factors. In a similar manner, high maternal consumption of some fish
species during pregnancy has been linked to an increased risk of JIA,
initially attributed to heavy metal exposure, though later studies indi-
cate that the mechanism may be more complex and not fully explained.
Perinatal exposures should be discussed with special attention due to
their possible influence on immune and microbiota development. The
reported association between JIA and caesarean section delivery may be
explained with a disrupted neonatal microbiota acquisition, as these
children are not delivered through the birth canal. However, the effect
size is small, and most studies are not able to separate the influence of
surgical indication with maternal comorbidities. Despite encouraging
results arise from single studies, birth timing and weight do not
demonstrate consistent associations with JIA when evaluated in pooled
analyses. Early-life factors provide one of the most biologically plausible
pathways linking the environment with immune-mediated diseases.
Among these, antibiotic exposure in infancy is the most consistently
reported factor, with observational evidence of a dose-dependent asso-
ciation and stronger effects for broad-spectrum agents. These findings
may be explained with the fact that early disruption of the gut micro-
biota may have lasting long-term effects on immune regulation. How-
ever, again, the interpretation of such results is not easy as antibiotic use
is also an indicator of underlying infection, and infections themselves
may influence immune development and adaptation. Infectious triggers
are themselves under investigation for a possible role in JIA develop-
ment, but most of these associations are based on small or unadjusted
studies, and no single pathogen has been convincingly implicated.
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Socioeconomic and living conditions have been investigated less
extensively and with weaker evidence. Some studies suggest higher risk
among children from urban environments or higher socioeconomic
status, reflecting the well-known “hygiene hypothesis” (a reduced
exposure to infections in childhood contributes to an increased risk of
allergic and autoimmune diseases4g’50), but these observations have not
been consistently replicated.

8. Future directions

The environmental landscape in JIA is characterized by weak-to-
moderate associations, limited reproducibility, and considerable con-
founding factors. Therefore, in order to better understand the environ-
mental determinants of JIA, there is a need of a shift from retrospective,
population-based studies, to an integrated and longitudinal research
approach. A significant step-up could be represented by the develop-
ment of large birth cohorts with long-term follow-up in order to accu-
rately measure exposures (such as dietary intake, pollutant levels,
infection records, medication use, etc.) along with reliable microbiome,
metabolomic, and epigenetic analyses. The integration of these data is
essential to enable a clearer distinction between correlation and causa-
tion, aiming to draw specific preventive strategies. Moreover,
microbiome-focused research should prioritize standardized sampling
and sequencing pipelines along with functional analyses to better
explore how microbiome disruption contributes to JIA development.
Experimental models could also clarify whether specific microbial
changes are causative or secondary to chronic inflammation. Studying
gene-environment interactions could represent a key advancement for
an improved understanding of the pathogenetic mechanisms beyond
JIA. This approach requires harmonized datasets and collaborative
consortia, possibly employing existing international networks such as
PRINTO. Finally, the identification of environmental risk factors may
open a world of possibilities for preventive interventions, such as stra-
tegies to minimize unnecessary antibiotic exposure in infancy (Table 2).
However, such interventions must be based on robust causal evidence to
avoid unintended effects.

Table 2
Summary of evidence on environmental factors in juvenile idiopathic arthritis
development and clinical implications.

Environmental
factors

Key message Clinical implications

No robust evidence to
recommend limiting fish
intake during pregnancy
No change in obstetric
practice

Associations weak and
inconsistent

Prenatal factors

Limited evidence that
caesarean delivery may
slightly increase the risk of
JIA, potentially via disruption
of neonatal gut microbiota
Observational evidence that
antibiotic use in infancy may
increase the risk of JIA, likely
through perturbation of gut

Perinatal factors

Early-life factors Limit unnecessary
antibiotic use, especially

in early life

microbiota
Socioeconomic and Associations weak and No actionable guidance
environmental inconsistent currently
factors

Abbreviations: juvenile idiopathic arthritis (JIA).
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9. Conclusions

Current evidence supports the hypothesis that environmental factors
contribute to JIA development, but the strength of these associations is
modest, often inconsistent, and frequently confounded. The most
coherent biological signal relates to early-life microbiome perturbation,
particularly through early antibiotic exposure, while associations with
perinatal events, socioeconomic conditions, and infections remain sug-
gestive but not definitive. At the state of the art, the current evidence
should be interpreted cautiously, avoiding oversimplified or causal
claims.
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