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Background: Systemic juvenile idiopathic arthritis (sJIA) is an autoinflammatory
subtype of JIA with distinct immunopathogenic mechanisms. Early-life
nutritional exposures such as breastfeeding may influence immune development
and inflammatory disease risk, yet evidence in sJIA remains limited. Therefore,
this study aimed to examine the association between breastfeeding duration
and the likelihood of developing sJIA versus non-sJIA, and to assess whether
systemic inflammatory markers mediate this relationship.

Methods: In this cross-sectional study, we included 450 children diagnosed
with JIA from 2018 to 2024 at Children's Hospital of Chongqing Medical
University. Breastfeeding duration was retrospectively collected, and patients
were classified into sJIA and non-sJIA groups. Multivariable logistic regression
and restricted cubic spline models were used to assess the association between
breastfeeding duration and the risk of sJIA. Mediation analysis was conducted
to quantify the indirect effects of inflammmatory mediators on this association.
Results: Among 450 patients with JIA, those with sJIA (n = 150) had significantly
shorter breastfeeding duration than non-sJIA patients (n = 300) (mean 6.3 vs.
9.1 months, p < 0.001). sJIA cases also showed higher levels of inflammatory
markers, including neutrophil count, C-reactive protein (CRP), erythrocyte
sedimentation rate, and white blood cell (WBC). Multivariable logistic regression
confirmed that shorter breastfeeding duration was independently associated
with higher odds of sJIA (adjusted OR = 0.86; 95% CI: 0.77-0.96; p = 0.009).
Restricted cubic spline analysis revealed a non-linear inverse relationship
between breastfeeding duration and sJIA likelihood, with an inflection point
near 7.5 months. Mediation analysis indicated that neutrophil count, WBC
count, and CRP partially mediated the relationship between breastfeeding and
sJIA, accounting for 26.5, 25.8, and 12.4% of the total effect, respectively.
Conclusion: Shorter breastfeeding duration is associated with a higher
probability of sJIA, and this relationship may be partially mediated by systemic
inflammatory status. These findings highlight the potential role of early-life
nutritional exposures in promoting autoinflammatory disease expression and
support further prospective investigations.

KEYWORDS

breastfeeding duration, systemic juvenile idiopathic arthritis, mediation analysis,
restricted cubic spline models, juvenile idiopathic arthritis

01 frontiersin.org


https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fnut.2025.1643926&domain=pdf&date_stamp=2025-08-29
https://www.frontiersin.org/articles/10.3389/fnut.2025.1643926/full
https://www.frontiersin.org/articles/10.3389/fnut.2025.1643926/full
https://www.frontiersin.org/articles/10.3389/fnut.2025.1643926/full
mailto:tangxuemei2008@163.com
https://doi.org/10.3389/fnut.2025.1643926
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/nutrition#editorial-board
https://www.frontiersin.org/journals/nutrition#editorial-board
https://doi.org/10.3389/fnut.2025.1643926

Luo et al.

Introduction

Juvenile idiopathic arthritis (JIA) is one of the most common
rheumatic diseases in children, with disease onset typically occurring
before the age of 16 (1, 2). According to the International League of
Associations for Rheumatology (ILAR), JIA is classified into seven
mutually exclusive subtypes based on clinical manifestations observed
within the first 6 months following disease onset (3). Among these,
systemic JIA (sJTIA) and non-systemic JIA differ in their underlying
immunopathogenic mechanisms. sJIA is currently regarded as a
prototypical autoinflammatory disorder, primarily driven by
dysregulation of the innate immune system. It is characterized by
hyperactivation of the IL-1/IL-6 signaling pathways, increased levels
of endogenous Toll-like receptor ligands such as S100 proteins, and a
heightened susceptibility to macrophage activation syndrome (MAS)
(4, 5). In contrast, non-sJIA subtypes are considered classical
autoimmune diseases, marked by Th1/Th17-skewed adaptive immune
responses, impaired regulatory T cell (Treg) function, and a
breakdown of immunological tolerance (6).

Infancy represents a critical window for immune system
development, during which nutritional exposures—most notably
breastfeeding—can exert long-lasting immunomodulatory effects (7).
Human milk is rich in a variety of bioactive components, including
cytokines, human milk oligosaccharides, maternal antibodies, and
microbiota-derived metabolites (8). These constituents work
synergistically to provide passive immune protection, shape both
innate and adaptive immune responses, promote the colonization of
gut microbiota, and maintain mucosal barrier integrity (9-11). In
view of these benefits, the American Academy of Pediatrics
recommends exclusive breastfeeding for the first 6 months of life,
followed by continued breastfeeding for at least 1 year (12, 13).
Numerous epidemiological studies have shown that breastfeeding is
associated with a reduced risk of various immune-mediated diseases,
including classical autoimmune conditions such as type 1 diabetes,
as well as atopic diseases such as asthma and atopic dermatitis
(14-17).

However, data on the impact of breastfeeding in autoinflammatory
conditions such as sJIA remain scarce, and no study to date has
systematically compared its effects across different JIA subtypes. It is
noteworthy that sJIA is often associated with more severe systemic
disease and more complex treatment management compared to
non-systemic forms. Children with sJIA are at risk of life-threatening
complications, including MAS and sJIA-associated lung disease, for
which current biologic therapies offer only limited protection (18, 19).
Therefore, identifying modifiable early-life factors such as
breastfeeding may provide preliminary evidence to raise awareness of
potential protective factors in sJIA.

Against this backdrop, the present study investigates whether
breastfeeding duration displays a restricted cubic spline relationship
with the risk of developing sJIA versus non-sJIA, modeled with
restricted cubic splines to capture potential non-linear effects—and
assesses whether systemic inflammatory markers, including C-reactive
protein (CRP), erythrocyte sedimentation rate (ESR) and peripheral-
blood leukocyte counts, mediate these associations. Clarifying these
potential relationships may deepen our understanding of how early
nutritional exposures influence susceptibility to autoinflammatory
diseases and ultimately inform preventive and therapeutic strategies
in pediatric rheumatology.
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Methods
Study design and participants

Patients diagnosed with JIA who were treated at the Children’s
Hospital of Chongqing Medical University between January 2018 and
December 2024 were collected. Patients were eligible for inclusion if they
met the following criteria: (i) patients diagnosed with JIA according to
the 2001 classification criteria of the International League of Associations
for Rheumatology (ILAR) (3); (ii) disease onset before the age of 16 years;
(iii) no prior treatment with glucocorticoids, conventional DMARDs, or
biologic agents at the time of initial sample collection; (iv) availability of
complete breastfeeding history; (v) sufficient baseline clinical data.
Exclusion criteria were: (i) coexisting autoimmune or infectious diseases;
(ii) history of malignancy; (iii) incomplete clinical or laboratory records.

According to the ILAR classification, JIA comprises seven
subtypes. In this study, we categorized cases into systemic and
non-systemic forms based on their distinct clinical and immunological
features, as described by Lee et al. (20). Systemic JIA is uniquely
characterized by an autoinflammatory pathogenesis predominantly
driven by innate immunity, with early systemic manifestations such as
quotidian fever, evanescent rash, and serositis. In contrast, the other
six subtypes are primarily autoimmune in nature, mediated by
adaptive immunity, and present mainly with synovial inflammation
and articular symptoms. This dichotomization was adopted to align
with our primary research focus on the innate immunity-driven
mechanisms of sJIA and to maintain sufficient statistical power.
Applying the full seven-category ILAR classification would have
resulted in small sample sizes for several subtypes, thereby reducing
statistical efficiency and increasing the risk of type II errors.

Following application of the study’s inclusion and exclusion criteria,
450 JIA patients were included 150 sJIA and 300 non-sJIA (Figure 1).

Data collection

Clinical information was obtained retrospectively via the hospital’s
big data platform and, partial information was obtained through
telephone follow-up. Extracted variables included Demographic and
perinatal information: chronological age (years), Breastfeeding time
(months) and breastfeeding duration was defined as the total number
of months the infant received any amount of breast milk, number of
pregnancies (gravidity), number of births (parity), and sex (n, %).
Hospitalization and disease characteristics: hospitalization (days),
symptom onset to visit (days from symptom onset to first hospital
visit), time since onset of pain symptoms (days), and raw count of
painful joints. Laboratory parameters: white blood cell (WBC),
erythrocyte sedimentation rate (ESR), absolute monocyte, platelet,
C-reactive protein (CRP), absolute lymphocyte, and absolute
neutrophil. Cytokine profiles: interleukin (IL)-4, IL-8, IL-12p70, IL-2,
IL-5, tumor necrosis factor-a (TNF-a), interferon-y (IFN-y), IL-17A,
IL-6, IL-1p, and interferon-o (IFN-).

Statistical analysis

Statistical analyses were carried out in R 3.5. Continuous variables,
reported as mean + SD or median (IQR), were compared with
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A total of 774 JIA patients met the ILAR !
diagnostic criteria and were assessed for 1

eligibility. After applying inclusion criteria X
(no exclusions), all 774 participants were 1

included in the final cohort. X

After excluding missing baseline data and
breastfeeding information, 500 patients were
included in the final analysis.

Finally, data of JIA participants was
analyzed(n=500)

FIGURE 1
Flow diagram of the study population.

Exclusion criteria (n=0)were:
- coexisting autoimmune or infectious diseases;
- history of malignancy

Excluded:
- Missing baseline characteristics (n=184)
- Missing breastfeeding info (n=90)

JIA subtype:
- sJIA: 150
- non-sJ1A: 350

one-way ANOVA or, when normality assumptions were not met, with
the corresponding non-parametric alternative. Categorical variables
were compared using Pearson’s chi-square test (21). p < 0.05 in the
univariate screen were advanced to a multivariable logistic model.
Findings are summarized as odds ratios (ORs) with 95% confidence
intervals (CIs). Model discrimination was quantified via receiver-
operating characteristic (ROC) analysis and its area under the curve
(AUC) (22). Breastfeeding duration was modeled as a continuous
variable using restricted cubic splines (knots at the 10th, 50th, and
90th percentiles) to assess potential non-linear associations with sJIA
risk (23).

Mediation analysis was performed using the “mediation” R
package to explore the indirect effects of CRP, neutrophil, and WBC
counts on the association between breastfeeding duration and sJIA,
adjusting for age, sex, and symptom duration. Sensitivity analyses
were conducted using 1,000 bootstrap iterations. And, p < 0.05 is
considered to be statistically significant.

Ethical considerations

Ethical clearance was obtained from the Institutional Review
Board of the Children’s Hospital of Chongging Medical University
(Approval No. (2023)IRB(STUDY) No. 351). As a retrospective
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analysis based solely on existing medical records from prior clinical
visits, the study posed no additional risk to the participants.

Results
Baseline characteristics

The analytical cohort comprised 450 patients diagnosed with JIA,
comprising 150 patients with sJIA (sJIA; 86 females, 64 males; mean
age: 8.78 + 3.58 years) and 300 patients with non-sJIA (non-sJIA; 170
females, 130 males; mean age: 9.68 + 3.52 years). As summarized in
Table 1, there were no statistically significant differences between the
two groups in terms of age (p = 0.161), sex distribution (p = 0.893),
parity (p = 0.406), or gravidity (p = 0.149).

Notably, patients with sJIA had significantly shorter
breastfeeding duration (p < 0.001), shorter symptom onset to visit
(p <0.001), of pain-related symptoms
(p <0.001), and fewer painful joints (p < 0.001), but a longer
with
non-sJIA. Inflammatory markers were markedly elevated in the

shorter durations

hospitalization days compared to those
sJIA group, including higher neutrophil counts (p < 0.001), ESR
(p <0.001), WBC count (p < 0.01), CRP (p < 0.001), and platelet

count (p = 0.010). Cytokine profiling revealed significantly higher
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levels of IL-8 (p = 0.007), while other cytokines such as IL-4, IL-2,
IL-6, IL-17A, TNF-a, and IFN-y showed no significant differences
(all p > 0.050).

Univariate and multivariable logistic
regression analysis

Univariate logistic regression identified several significant
predictors of sJIA (Table 2). These included shorter breastfeeding
duration (OR = 0.82, 95% CI: 0.77-0.87, p < 0.001), symptom onset to
visit (OR = 0.99, 95% CI: 0.99-0.99, p < 0.001), fewer painful joints
(OR =0.79,95% CI: 0.71-0.89, p < 0.001), longer hospitalization days
(OR =1.11,95% CI: 1.07-1.16, p < 0.001), and elevated inflammatory
parameters including neutrophil count, ESR, WBC count, CRP,
and IL-8.

In the multivariate model, breastfeeding duration remained
independently associated with reduced odds of sJIA (OR = 0.86,
95% CI: 0.77-0.96, p =0.009). Other independent predictors
included shorter symptom duration (OR = 0.99, p = 0.003), fewer
painful joints (OR = 0.78, p = 0.024), longer hospital stay (OR = 1.10,
p =0.023), and higher CRP levels (OR = 1.02, p = 0.033).

The final model demonstrated good discriminative ability, with a
ROC curve yielding an AUC of 0.68, suggesting moderate predictive
performance of breastfeeding duration in differentiating sJIA from
non-sJIA (Figure 2).

10.3389/fnut.2025.1643926

Restricted cubic spline models relationship
between breastfeeding duration and sJIA

Restricted cubic spline regression analysis revealed a
non-linear inverse association between breastfeeding duration
and the risk of developing sJIA (P for overall < 0.001; P for
non-linearity = 0.001). As shown in Figure 3, at approximately
7.5 months, the OR approached 1, indicating a potential
inflection point in the association. Before 7.5 months, the
OR was greater than 1, suggesting that shorter breastfeeding
duration was associated with a higher occurrence of
sJIA. Between 7.5 and approximately 13 months, the OR remained
below 1, indicating a protective association with extended

breastfeeding duration.

Correlation between breastfeeding
duration and various clinical parameters

Spearman correlation analysis demonstrated that breastfeeding
duration was negatively correlated with several inflammatory
markers. Specifically, significant inverse correlations were observed
with neutrophil count (r=-0.18, p<0.001), WBC count
(r=-0.17, p<0.001), and CRP also showed a weaker yet
statistically significant negative correlation (r = —0.10, p < 0.010)
(Figure 4).
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TABLE 1 Baseline data of sJIA and non-sJIA patients.

Total (n = 450)

Variables

10.3389/fnut.2025.1643926

Non-sJIA (n = 300) sJIA (n = 150)

Age (years), Mean + SD 9.38 £3.56 9.68 +3.52 8.78 +3.58 0.161
Sex, n (%) 0.893
Female 256 (56.89) 170 (56.67) 86 (57.33)
Male 194 (43.11) 130 (43.33) 64 (42.67)
Production times, Mean + SD 1.56 + 0.69 1.54+0.71 1.60 + 0.65 0.406
Pregnancy frequency, Mean + SD 1.92+1.13 1.87 + 1.03 2.04 +1.30 0.149
breastfeeding duration (months), Mean + SD 8.17 £4.30 9.10£3.71 6.30 +4.78 <0.001
Hospitalization (days), Mean + SD 10.67 £ 6.85 9.21 +£6.33 13.59 £6.92 <0.001
Symptom onset to visit (days), Mean + SD 240.98 + 432.55 319.48 + 461.35 84.49 +315.97 <0.001
Painful joint, Mean + SD 2.47 +1.96 2.73+1.94 1.95+1.91 <0.001
Monocyte (absolute), Mean + SD 0.39+£0.20 0.38 +£0.15 0.45 +0.26 0.061
Platelet, Mean + SD 369.15 + 125.31 357.40 £ 112.66 392.64 + 144.97 0.010
Lymphocyte (absolute), Mean + SD 2.46 +1.08 2.49+0.92 2.41+1.35 0.482
Neutrophil (absolute), Mean + SD 6.60 = 5.16 4.82+2.83 10.18 + 6.69 <0.001
Erythrocyte sedimentation rate, Mean + SD 45.31 +33.07 37.31 £29.47 61.76 + 34.05 <0.001
White blood cell, Mean + SD 9.61 £5.38 7.81+£3.23 13.21 £6.85 <0.001
C-reactive protein, Mean + SD 39.78 + 58.81 22.24 +40.52 75.82 +72.70 <0.001
Interleukin-4, Mean + SD 1.20 £ 3.00 1.24 £3.36 1.11 £2.04 0.725
Interleukin-17A, Mean + SD 8.54 +50.16 10.49 £ 61.69 4.84 + 8.06 0.422
Interleukin-2, Mean + SD 1.31 £ 3.00 1.44 +3.28 1.09 +2.48 0.345
Tumor necrosis factor-alpha, Mean + SD 3.93+1091 4.74 +12.77 2.81+7.55 0.100
Interleukin-6, Mean + SD 77.32 +292.89 70.75 + 344.33 89.46 + 160.01 0.600
Interferon-gamma, Mean + SD 3.37£15.92 4.36 +20.60 2.18+6.77 0.299
Interleukin-8, Mean + SD 7.14 + 8.87 526+4.92 8.87+11.11 0.007
Interleukin-1 beta, Mean + SD 2.11£3.49 1.95 +3.29 2.28+3.70 0.539
Interleukin-5, Mean + SD 0.54 £ 0.69 0.49 £0.59 0.58 £0.78 0.398
Interferon-alpha, Mean + SD 3.76 + 6.49 4.15 + 6.94 1.43+0.85 0.448
Interleukin-12p70, Mean + SD 2.02 £4.81 1.99 £6.08 2.04£323 0.955

Mediation analysis between breastfeeding
duration and sJIA

Mediation analysis suggested that the protective association
between breastfeeding duration and sJIA risk was partially mediated
by systemic inflammatory markers. Among these, neutrophil count
and WBC count accounted for 26.48 and 25.76% of the total effect,
respectively, while CRP mediated 12.43% (Table 3). Both the indirect
and direct effects remained statistically significant in all models
(p < 0.001), indicating that breastfeeding influences sJIA risk through
both inflammation-dependent and independent pathways.

Discussion

Systemic juvenile idiopathic arthritis is a clinically and
immunologically distinct subtype within the JIA spectrum, characterized
by innate immune hyperactivation and systemic inflammation, and is
increasingly regarded as an autoinflammatory disorder (24). Unlike
other JIA subtypes, sJIA traditional
immunosuppressive therapies and is associated with serious

responds poorly to
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complications such as macrophage activation syndrome. Identifying
modifiable early-life factors that influence its development is therefore
of urgent clinical relevance (25). In this retrospective cohort study,
we found that shorter breastfeeding duration was significantly associated
with an increased risk of sJIA, but not non-systemic JIA. This relationship
showed a non-linear dose-response pattern and was partially mediated
by systemic inflammatory markers, particularly neutrophil and white
blood cell counts. To our knowledge, this is the first study to implicate
breastfeeding as a potential early-life protective factor specifically for
sJIA, suggesting that early nutritional exposures may modulate the risk
of autoinflammatory disease via inflammatory pathways.

Breastfeeding has long been recognized for its immunomodulatory
properties, primarily attributed to its rich content of bioactive components
such as immunoglobulins, cytokines, and microbiota-regulating
oligosaccharides. These elements not only enhance mucosal barrier
function but also shape systemic immune responses during early infancy,
thereby influencing long-term immunological homeostasis (7-11). Our
findings align with those of a clinical study conducted in Fortaleza, Brazil,
which cross-sectionally evaluated 91 patients with JIA between May 2015
and April 2016. That study found that breastfeeding beyond 6 months was
significantly associated with lower disease activity and fewer permanent
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TABLE 2 Univariate and multivariable logistic regression analysis in this study.

Variables
OR (95%Cl)

Univariate logistic regression analysis

10.3389/fnut.2025.1643926

Multivariable logistic regression analysis

P OR (95%Cl) P

Breastfeeding duration 0.82 (0.77 ~ 0.87) <0.001 0.86 (0.77 ~ 0.96) 0.009
Symptom onset to visit (days) 0.99 (0.99 ~ 0.99) <0.001 0.99 (0.99 ~ 0.99) 0.003
Hospitalization (days) 1.11 (1.07 ~ 1.16) <0.001 1.10 (1.01 ~ 1.20) 0.023
Painful joint count 0.79 (0.71 ~ 0.89) <0.001 0.78 (0.62 ~ 0.97) 0.024
Neutrophil (absolute) 1.33 (1.25 ~ 1.43) <0.001 1.42 (0.92 ~ 2.18) 0.113
Erythrocyte sedimentation rate 1.02 (1.02 ~ 1.03) <0.001 1.00 (0.99 ~ 1.02) 0.743
White blood cell 1.29 (1.22 ~ 1.37) <0.001 0.82 (0.55 ~ 1.21) 0.316
C-reactive protein 1.02 (1.01 ~ 1.02) <0.001 1.02 (1.01 ~ 1.03) 0.033
Interleukin-8 1.07 (1.01 ~ 1.12) 0.017 1.05 (0.99 ~ 1.12) 0.131

joint deformities, particularly in socioeconomically disadvantaged
populations with high breastfeeding prevalence (26). In addition, the
prospective ABIS cohort study from Sweden further supports this
association. Kindgren et al. (27) reported that children breastfed for less
than 4 months had a significantly increased risk of developing JIA
compared to those breastfed for longer than 4 months (adjusted OR = 3.5,
95% CI: 1.4-8.5; p = 0.006). Both shorter durations of exclusive and total
breastfeeding were independently associated with higher JIA risk
(@OR =1.3 and 1.2, respectively; p <0.01), even after adjusting for
multiple confounders (27). Although these studies did not stratify by JIA
subtype, they collectively suggest a general protective role of extended
breastfeeding in mitigating chronic inflammatory joint diseases during
childhood. In our cohort, this protective association was particularly
pronounced in the sJIA. Breastfeeding duration was inversely associated
with sJIA risk, whereas no such trend was observed in non-sJIA patients.
This finding implies that the immunomodulatory effects of breastfeeding
may be especially relevant in autoinflammatory diseases characterized by
innate immune dysregulation. Mediation analysis further revealed that
neutrophil and white blood cell counts partially mediated this association,
suggesting that systemic inflammation may serve as a key mechanistic
link between early-life nutritional exposures and sJIA pathogenesis.
Moreover, restricted cubic spline modeling demonstrated a clear
non-linear dose-response relationship between breastfeeding duration
and sJIA risk. An inflection point was observed around 7.5 months,
beyond which prolonged breastfeeding continued to reduce risk, albeit
with diminishing marginal returns. These results collectively support the
hypothesis that early-life nutrition may influence susceptibility to sJIA via
modulation of systemic inflammatory tone.

Although the exact mechanisms underlying the protective
association between breastfeeding and systemic JIA remain unclear,
we speculate that this effect may stem from the influence of breastfeeding
on early innate immune development during a critical postnatal
window (28). Breast milk contains a complex array of immunologically
active components—including secretory IgA, anti-inflammatory
cytokines such as IL-10 and TGF-p, and human milk oligosaccharides
(HMOs)—that work synergistically to support immune homeostasis
(29). For instance, secretory IgA contributes to mucosal barrier integrity
by preventing microbial translocation across the gut epithelium (30),
thereby limiting systemic exposure to pathogen-associated molecular
patterns (PAMPs), which can overactivate innate immune sensors such
as Toll-like receptors (TLRs) (31). Meanwhile, cytokines like IL-10 and
TGEF-p actively dampen pro-inflammatory signaling pathways and
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promote regulatory immune phenotypes, reducing the likelihood of
chronic inflammation (32). HMOs play a critical role in shaping the
infant gut microbiota toward a more tolerogenic and less
pro-inflammatory composition, which in turn affects systemic immune
tone (33). These mechanisms are particularly relevant to the
pathogenesis of sJIA, which is characterized by neutrophil-driven
inflammation (34), elevated CRP, and dysregulation of myeloid cell
responses (35). The partial mediation we observed through peripheral
neutrophil and total WBC counts suggests that breastfeeding may
reduce the baseline priming or expansion of these inflammatory cell
populations. This hypothesis aligns with the idea that early-life
nutritional exposures help set the inflammatory “set point” of the innate
immune system, which could tip the balance toward or away from
autoinflammatory disease expression in genetically predisposed children.

From a clinical and public health perspective, our findings
underscore the potential of breastfeeding as a modifiable early-life
exposure that may reduce the risk of severe autoinflammatory diseases
such as sJIA. In particular, populations with limited access to early
rheumatologic care may benefit from enhanced breastfeeding support as
part of broader disease prevention strategies. Furthermore, the non-linear
dose-response relationship we identified offers a valuable benchmark—
suggesting that 7.5 months of breastfeeding may confer meaningful
immunological protection, without requiring indefinite duration.

Our study also has some limitations. First, although breastfeeding
is recognized for its immunomodulatory potential, the reported
duration was based on retrospective maternal recall, which may
introduce recall and classification bias. Inflammatory markers such as
neutrophil and white blood cell counts were measured post-diagnosis,
complicating association inference in mediation analyses due to
uncertain temporal precedence. Additionally, other early-life
exposures—such as perinatal microbial contact and caregiver skin-to-
skin interaction—were not assessed. And, as cytokine levels were
measured after diagnosis, we cannot fully establish whether the observed
mediation effect reflects a causal pathway from breastfeeding duration
to disease risk via cytokine modulation, or whether cytokine alterations
are secondary to established disease. Thus, the mediation analysis should
be interpreted as indicative of association rather than causality.
Prospective studies with pre-diagnostic biomarker data are needed to
confirm these relationships. Another limitation is that breastfeeding
type (exclusive versus partial) was not distinguished in our dataset. As
these feeding patterns may differ in their immunological effects, the use
of total breastfeeding duration alone may obscure specific associations.
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FIGURE 4

Correlation between breastfeeding duration and various clinical parameters. *< 0.05, ** < 0.01, *** < 0.001, ****<0.0001.
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TABLE 3 Mediation analysis between breastfeeding duration and sJIA.

10.3389/fnut.2025.1643926

Variables Effect Estimate Lower Upper B (95%Cl) Mediation
C-reactive protein
Indirect 0 —0.01 0 ~0.00 (—0.01 ~ —0.00) 0.04 12.43
Direct —0.04 —0.04 -0.03 —0.04 (—0.04 ~ —0.03) <0.001 87.57
Total —0.04 —0.05 -0.03 —0.04 (—0.05 ~ —0.03) <0.001 100
Neutrophil (absolute)
Indirect —0.01 —0.01 -0.01 —0.01 (=0.01 ~ —0.01) <0.001 26.48
Direct -0.03 —0.04 -0.02 —0.03 (=0.04 ~ —0.02) <0.001 73.52
Total —0.04 —0.04 -0.03 —0.04 (—=0.04 ~ —0.03) <0.001 100
White blood cell
Indirect —0.01 —0.01 —0.01 —0.01 (=0.01 ~ —0.01) <0.001 25.76
Direct —0.03 —0.04 —0.02 —0.03 (=0.04 ~ —0.02) <0.001 74.24
Total —0.04 —0.04 -0.03 —0.04 (—0.04 ~ —0.03) <0.001 100

Future studies incorporating detailed feeding pattern data are warranted
to further clarify these relationships. In addition, other early-life
exposures—including timing of complementary food introduction,
daycare attendance, and antibiotic use—were not assessed. As these
factors may affect immune maturation and potentially confound the
observed associations, their omission should be considered when
interpreting our results. Future studies should incorporate these
variables to allow more comprehensive adjustment for early-life
environmental influences. Lastly, the single-center retrospective design
and limited sample size may affect generalizability. Future prospective,
multi-center studies with detailed nutritional and immunological
profiling are needed to validate and expand upon these findings.

In summary, our findings suggest that longer breastfeeding
duration may be associated with a lower risk of developing systemic
juvenile idiopathic arthritis (sJIA), but not non-systemic forms of the
disease. This association appears to follow a non-linear dose-response
pattern and may be partially mediated by systemic inflammatory
markers such as neutrophil and white blood cell counts. The results
raise the possibility that early-life nutritional exposures could
influence the risk of autoinflammatory diseases. Further prospective,
subtype-specific research is warranted to clarify these relationships
and explore their implications for early prevention strategies.
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