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Childhood obesity and allergic rhinitis: A meta-analysis
Xinxin Xing, Sihao Zhu, Guang Zhou, Yubo Ma, and Hai Wang∗

Allergic rhinitis (AR) is a prevalent chronic condition in childhood, and its increasing incidence has prompted research into potential
associations with modifiable factors such as obesity. This meta-analysis aimed to assess the multivariate-adjusted relationship
between childhood obesity and AR. A systematic search was conducted across PubMed, Embase, and Web of Science for observational
studies that reported on the association between obesity and AR in children. Only studies that included multivariate adjustments for at
least age and sex were considered. Random-effects models were employed to pool odds ratios (ORs) with 95% confidence intervals
(CIs), accounting for heterogeneity. Fifteen cross-sectional studies comprising 23 datasets involving a total of 569,856 children were
included in the analysis. The overall results indicated that obesity was not significantly associated with AR (adjusted OR: 1.04, 95% CI:
1.00–1.09; P = 0.08; I2 = 24%). However, subgroup analyses revealed a significant association in Western countries (OR: 1.12, 95% CI:
1.00–1.24; P = 0.04; I2 = 0%), while no significant association was found in Asian countries (OR: 1.04, 95% CI: 0.97–1.12; P = 0.27;
I2 = 52%). Notable associations were identified in studies utilizing national or international BMI cutoffs (OR: 1.06, 95% CI: 1.01–1.10;
P = 0.02) and those with physician-diagnosed AR (OR: 1.07, 95% CI: 1.02–1.13; P = 0.006), but not in studies employing the 95th
percentile BMI definition or ISAAC-based AR diagnosis. No significant differences were observed based on age or sex. Meta-regression
analysis indicated that age, sex, and study quality score did not significantly influence the results (P all > 0.05). Egger’s test revealed
no evidence of publication bias (P = 0.43). In conclusion, while no significant overall association between childhood obesity and AR was
found, subgroup analyses suggest potential links within specific populations and under particular methodological definitions. These
findings should be interpreted with caution, and further longitudinal studies are necessary to determine whether preventive strategies
aimed at reducing childhood obesity may also impact allergic outcomes.
Keywords: Allergic rhinitis, obesity, children, risk factor, meta-analysis.

Introduction
Allergic rhinitis (AR) is a common chronic inflammatory disor-
der of the upper airway in children, characterized by symptoms
such as sneezing, nasal congestion, rhinorrhea, and nasal itch-
ing, often accompanied by ocular manifestations [1, 2]. Globally,
AR affects up to 40% of children, with its prevalence increasing
notably in urbanized and industrialized areas [3, 4]. Although
AR is not life-threatening, it significantly impairs children’s
quality of life, leading to sleep disturbances, decreased cogni-
tive performance, increased school absenteeism, and behav-
ioral issues [5, 6]. Furthermore, AR frequently coexists with
other atopic conditions such as asthma and eczema, thereby
exacerbating its clinical effects [7]. While genetic predisposi-
tion is a critical factor, environmental influences, including air
pollution, secondhand smoke, and socioeconomic status, also
contribute to the development of AR [8, 9]. Identifying modifi-
able risk factors for AR is essential for early prevention and for
mitigating long-term health implications in children.

Obesity, defined as a body mass index (BMI) at or above the
95th percentile for age and sex, has emerged as a significant
concern in the pediatric population, affecting over 340 million
children and adolescents globally [10, 11]. Childhood obesity is

linked to adverse physical and psychosocial outcomes and often
persists into adulthood, heightening the risk of chronic diseases
such as type 2 diabetes and cardiovascular disorders [12, 13].
Recent studies have suggested a potential link between obesity
and allergic diseases. Adipose tissue functions as an endocrine
organ, releasing pro-inflammatory cytokines and adipokines
that may promote systemic inflammation, disrupt T-helper
cell balance, and compromise the integrity of the epithelial
barrier in the airways, thus increasing susceptibility to
allergic reactions [14, 15]. Despite this biological plausibility,
epidemiological evidence regarding the relationship between
obesity and AR in children has been inconsistent. Some
studies indicate a positive association [16, 17], while others
find no significant link [18–30], likely due to variations in
population characteristics, definitions of obesity, or methods
for diagnosing AR. Notably, childhood obesity can be defined
using age- and sex-specific BMI thresholds above the 95th
percentile or fixed international BMI cut-offs [11], which may
encompass different populations and account for variability in
findings across studies. To address these uncertainties, we con-
ducted a systematic review and meta-analysis to evaluate the
association between obesity and AR in children and to examine
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potential effect modifiers through predefined subgroup
analyses.

Materials and methods
This study adhered to the PRISMA 2020 guidelines [31, 32] and
the Cochrane Handbook [33] for systematic reviews and meta-
analyses, encompassing study design, data collection, statistical
methods, and result interpretation. Additionally, the protocol
was registered with PROSPERO under ID CRD420251108821.
The completed PRISMA 2020 checklist is available in
Supplemental file 1.

Database search
To identify studies relevant to this meta-analysis, we conducted
a comprehensive search of the PubMed, Embase, and Web of
Science databases, employing a wide range of search terms. This
included the following combined terms: (1) “obesity” OR “obese”
OR “overweight” OR “body mass index” OR “BMI”; (2) “aller-
gic rhinitis” OR “atopic rhinitis” OR “allergic rhinitides” OR
“atopic rhinitides”; and (3) “children” OR “pediatric” OR “pae-
diatric” OR “adolescents.” The search was restricted to studies
involving human subjects and included only full-length articles
published in English in peer-reviewed journals. Grey literature
was excluded due to its lack of peer review, which may com-
promise the reliability of findings. Additionally, we manually
reviewed the references of related original and review articles
to identify other relevant studies. The search encompassed all
records from the inception of the databases up to May 26, 2025.
The detailed search strategy for each database is outlined in
Supplemental file 2.

Study eligible criteria
We utilized the PECO framework to establish the inclusion
criteria:

P (patients): Children and adolescents under the age of
18 years. Eligible participants included individuals from
the general pediatric population or specific subgroups (e.g.,
school-aged children and adolescents) who have been assessed
for both body weight status (obesity) and AR.

E (exposure): The exposure under review in this
meta-analysis was childhood obesity, defined using standard-
ized criteria such as a BMI at or above the 95th percentile
for age and sex, or equivalent fixed cut-off values based on
national or international references. Only studies that distinctly
categorized and reported on obesity were included.

C (comparison): The comparator group in the meta-analysis
consisted of children with normal weight, defined according to
BMI criteria as falling below the 85th percentile for age and sex
or within the normal BMI range based on national or interna-
tional growth references.

O (outcome): The primary outcome of interest was the pres-
ence of AR in children, determined by physician diagnosis, val-
idated questionnaires (e.g., the International Study of Asthma
and Allergies in Childhood [ISAAC] criteria), or self-reported
diagnoses corroborated by symptoms. Only studies reporting
multivariate-adjusted associations between obesity and AR in
children were included, accounting for at least age and sex.

S (study design): We included observational studies, such
as cohort studies, case-control studies, and cross-sectional
studies.

We excluded reviews, editorials, other meta-analyses, stud-
ies involving adult populations, studies focusing solely on over-
weight or combining overweight with obesity, studies not
reporting AR as an outcome, and studies providing only univari-
ate data. In cases of overlapping populations, we included the
study with the largest sample size in the meta-analysis.

Study quality evaluation
Two authors independently conducted the literature search,
study selection, quality assessment, and data extraction. Dis-
agreements were resolved through discussion with the cor-
responding author. The quality of the studies was assessed
using a modified version of the Newcastle–Ottawa Scale (NOS)
adapted for cross-sectional studies [34], as applied in previous
meta-analyses [35, 36]. The assessment rubric included selec-
tion (4 items), comparability (2 items), and outcome (3 items),
with a maximum score of 9 points. Detailed scoring criteria
are provided in Supplemental file 3. Studies scoring ≥7 were
deemed high quality.

Data collection
The data collected for analysis included study details (author,
year, study country, and design), participant characteristics
(source of the children, age range, mean age, and proportion
of boys), the definition and number of children with obesity,
methods for diagnosing AR, the number of children with AR,
and covariates adjusted in the regression models.

Statistical analysis
We utilized odds ratios (ORs) and 95% confidence intervals (CIs)
to evaluate the association between obesity and AR in children,
comparing those with obesity to their normal-weight counter-
parts. ORs and standard errors were either directly extracted
or calculated from 95% CIs or P values, then log-transformed
to stabilize variance and normalize the data [33]. In instances
where multiple ORs were reported from different models, we
selected the model with the most comprehensive adjustments.

Heterogeneity was assessed using the Cochrane Q test and
I2 statistic [37], where a P value of < 0.10 indicated sig-
nificant heterogeneity. I2 values were interpreted as follows:
<25% indicated low heterogeneity, 25%–75% indicated mod-
erate heterogeneity, and >75% indicated high heterogeneity.
A random-effects model was employed to pool the data, address-
ing the heterogeneity across studies [33]. The primary analyses
utilized the DerSimonian–Laird (DL) method, while sensitivity
analyses were performed using the restricted maximum likeli-
hood (REML) estimator [33].

Additionally, we conducted a sensitivity analysis by combin-
ing sex-stratified datasets into a single effect size per study to
mitigate potential within-study clustering. A further sensitivity
analysis was executed by excluding one dataset at a time to
assess the robustness of our findings [33]. Predefined subgroup
analyses were performed based on the countries of the studies
(Asian vs Western), average age of the children, sex distribu-
tion, definitions of obesity (national/international BMI cutoffs
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Figure 1. Flowchart of database search and study inclusion.

vs BMI ≥ the 95th percentile for age and sex), methods for
diagnosing AR (ISAAC criteria or physician diagnosis), and NOS
scores of the included studies. Medians of continuous variables
were used to evenly divide the subgroups.

Subsequently, a univariate meta-regression analysis was
conducted to determine if mean age, proportion of males,
or NOS scores influenced the association between obesity
and AR [37]. Publication bias was assessed using funnel
plots, with visual inspection for asymmetry, alongside Egger’s
test [38]. The certainty of the evidence was evaluated through
the Grading of Recommendations Assessment, Development,
and Evaluation (GRADE) approach, which considered risk of
bias, inconsistency, indirectness, imprecision, and publication
bias [33]. All analyses were conducted using RevMan (Version
5.3; Cochrane Collaboration, Oxford, UK) and Stata (Version
17.0; Stata Corporation, College Station, TX, USA).

Results
Study inclusion
The study selection process is illustrated in Figure 1. Initially,
we identified 1129 records from three databases. After elimi-
nating 311 duplicates, 818 articles were screened based on their

titles and abstracts. Of these, 783 articles were excluded for
failing to meet the criteria of the meta-analysis. The full texts of
the remaining 35 articles were subsequently reviewed by two
independent authors, resulting in the exclusion of 20 articles
for various reasons (refer to Figure 1). Ultimately, 15 studies
were included in the quantitative analysis [16–30].

Summary of study characteristics
Table 1 presents the characteristics of the 15 cross-sectional
studies included in this meta-analysis, published between 2007
and 2025, and conducted across various regions, including
Spain, Japan, Canada, Taiwan (China), the United States,
Korea, Poland, China, and multiple international centers.
These studies collectively involved 569,856 children and
adolescents, with participant ages ranging from 2 to 18 years
and mean ages between 6.5 and 15.5 years. All studies
employed a cross-sectional design, with obesity primar-
ily defined using age- and sex-specific BMI cutoffs at the
≥ 95th percentile [19, 21, 24, 26, 27, 29, 30], international BMI
standards [18, 20, 22, 23, 25], or country-specific thresholds
(e.g., ≥25 kg/m2 in Korea, >23 kg/m2 in Taiwan) [16, 17, 28].
The number of obese children reported in each study varied
widely, ranging from 130 to 14,452.
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Table 2. Study quality evaluation via the modified Newcastle–Ottawa Scale

Study

Adequate
definition of
cases

Representa-
tiveness
of cases

Selection
of con-
trols

Definition
of con-
trols

Control
for age
and sex

Control for
other con-
founders

Exposure
ascertain-
ment

Same methods
for events
ascertainment

Non-
response
rates Total

Garcia-Marcos, 2007 1 1 1 1 1 1 1 1 1 9

Kusunoki, 2008 1 1 1 1 1 1 1 1 1 9

Wang, 2010 1 1 1 1 1 1 1 1 1 9

Tanaka, 2011 1 1 1 1 1 1 1 1 1 9

Yao, 2011 1 1 1 1 1 0 1 1 1 8

Mitchell, 2013 1 1 1 1 1 1 1 1 0 8

Sidell, 2013 0 1 1 1 1 1 1 1 0 7

Weinmayr, 2014 1 1 1 1 1 0 1 1 0 7

Sybilski, 2015 1 1 1 1 1 0 1 1 0 7

Lin, 2015 1 1 1 1 1 1 1 1 1 9

Lei, 2016 1 1 1 1 1 0 1 1 1 8

Lee, 2016 0 1 1 1 1 1 1 1 1 8

Han, 2016 1 1 1 1 1 1 1 1 1 9

McArdle, 2024 1 0 1 1 1 1 1 1 0 7

Lee, 2025 0 1 1 1 1 0 1 1 1 7

AR was most frequently diagnosed using the ISAAC
questionnaire in eight studies [18–23, 25, 26]. Additional
diagnostic methods included physician diagnosis in six
studies [16, 17, 27–30] and the use of International Classification
of Disease codes in one study [24]. Some studies also integrated
symptom criteria and/or objective measures, such as positive
IgE tests [27, 30]. The number of AR cases reported across
studies ranged from 295 to over 25,000. All studies adjusted
for at least age and sex in their analyses, with many accounting
for additional confounders, including household smoking,
parental education, physical activity, environmental exposures
(e.g., traffic or secondhand smoke), socioeconomic indicators,
and other allergic conditions.

As illustrated in Table 2, the methodological quality of the
included studies, assessed using the NOS, was high, with NOS
scores ranging from seven to nine. Six studies achieved a
full score of nine, indicating appropriate case and control
selection, adequate adjustment for age, sex, and other con-
founders, as well as consistent exposure and outcome ascer-
tainment methods [16, 18–21, 27]. The remaining nine studies
scored seven or eight [17, 22–26, 28–30], primarily due to limi-
tations in case definition, incomplete adjustment for additional
confounders, or lack of representativeness. Despite variabil-
ity in design details, all studies met the criteria for valid AR
ascertainment and employed comparable assessment methods
between groups, thereby supporting the reliability of the pooled
estimates.

Association between obesity and AR in children
Five studies reported the association between obesity and
AR in boys and girls separately [18, 19, 23, 27, 28], while two
studies examined this association in two independent age

groups [23, 26]. Consequently, these stratified datasets were
independently included in the meta-analysis, resulting in a total
of 23 datasets. This methodology permitted more nuanced sub-
group analyses.

Pooled results indicated that obesity was not significantly
associated with AR in children (adjusted OR: 1.04, 95% CI: 1.00–
1.09, P = 0.08; Figure 2), with mild heterogeneity observed (P
for Cochrane Q test = 0.15; I2 = 24%). A sensitivity analysis
employing the REML model yielded similar findings (adjusted
OR: 1.04, 95% CI: 1.00–1.09, P = 0.07; I2 = 28%; Figure S1).
Furthermore, when we combined sex-stratified datasets into a
single effect size per study, the results mirrored those of the
main analysis (adjusted OR: 1.05, 95% CI: 1.00–1.09, P = 0.05;
I2 = 14%; Figure S2), suggesting that potential clustering within
studies did not significantly impact our conclusions. Sensitivity
analysis, omitting one dataset at a time, demonstrated consis-
tent results (OR: 1.03–1.06, P all > 0.05). Additionally, limit-
ing sensitivity analysis to studies with an NOS score of ≥ 8
yielded similar outcomes (adjusted OR: 1.03, 95% CI: 0.97–1.08,
P = 0.36; I2 = 36%).

Subgroup analyses revealed a significant association
between obesity and AR in children from Western countries
(OR: 1.12, 95% CI: 1.00–1.24, P = 0.04; I2 = 0%), but not in
children from Asian countries (OR: 1.04, 95% CI: 0.97–1.12,
P = 0.27; I2 = 52%; Figure 3A). Similar results were observed
across studies of children with mean ages < or ≥ 11 years
(P for subgroup difference = 0.82; Figure 3B) and between
girls and boys (P for subgroup difference = 0.95; Figure 4A).
A significant association between obesity and AR was noted
in studies defining obesity based on national or international
BMI cutoffs (OR: 1.06, 95% CI: 1.01–1.10, P = 0.02; I2 = 17%),
but not in studies using age- and sex-specific 95th percentile
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Figure 2. Association between obesity and allergic rhinitis (AR) in children. Forest plot of 23 datasets assessing the association between obesity and
AR in children. Pooled analysis showed no significant association (OR: 1.04, 95% CI: 1.00–1.09, P = 0.08), with low heterogeneity (I2 = 24%). Abbreviations:
OR: Odds ratio; CI: Confidence interval; SE: Standard error; IV: Inverse variance; df: Degrees of freedom.

Table 3. Results of univariate meta-regression analysis

Variables OR for the association between obesity and AR

Coefficient 95% CI P values Adjusted R2

Mean age (years) −0.0022 −0.0195 to 0.0152 0.80 0%

Male (%) −0.0015 −0.1665 to 0.1636 0.99 0%

NOS −0.047 −0.126 to 0.033 0.24 0%

Abbreviations: OR: Odds ratio; CI: Confidence interval; AR: Allergic rhinitis; NOS: Newcastle-Ottawa Scale.

definitions (OR: 1.02, 95% CI: 0.92–1.14, P = 0.68; I2 = 28%;
Figure 4B).

Notably, a significant association between obesity and AR
was found in studies where AR was physician-diagnosed (OR:
1.07, 95% CI: 1.02–1.13, P = 0.006; I2 = 13%), but not in studies
using the ISAAC questionnaire for diagnosis (OR: 1.01, 95% CI:
0.95–1.08, P = 0.74; I2 = 25%; Figure 5A). Furthermore, a sig-
nificant association was observed in studies with NOS = 7 (OR:
1.16, 95% CI: 1.02–1.31, P = 0.02; I2 = 0%), but not in studies
with NOS = 8 (OR: 1.02, 95% CI: 0.95–1.10, P = 0.52; I2 = 30%)
or NOS = 9 (OR: 1.02, 95% CI: 0.93–1.12, P = 0.68; I2 = 44%;
Figure 5B).

Finally, univariate meta-regression analysis indicated that
mean age, proportion of males, and NOS did not signif-
icantly influence the association between obesity and AR
(P all > 0.05; Table 3). According to the GRADE framework,
the certainty of the evidence was rated as low, reflecting the
cross-sectional nature of the studies and the imprecision of
effect estimates, although concerns regarding heterogeneity,
indirectness, and publication bias were not deemed serious
(Table S1).

Publication bias
Funnel plots illustrating the meta-analyses of the association
between obesity and AR in children are presented in Figure 6.
The symmetry of the plots indicates a low risk of publication
bias. Additionally, Egger’s test revealed no significant evidence
of publication bias (P = 0.43).

Discussion
This meta-analysis, encompassing over half a million chil-
dren across 15 studies, found no significant overall association
between obesity and AR after adjusting for age, sex, and other
relevant covariates. However, subgroup analyses revealed a
stronger association in children from Western countries, in
studies utilizing national or international BMI cutoffs, in stud-
ies with physician-diagnosed AR, and in those with an NOS
score of 7. These findings suggest that the relationship between
obesity and AR in children may vary according to geographic
region, definitions of obesity and AR, and the quality of the
study design.
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Figure 3. Subgroup analyses of the association between obesity and allergic rhinitis (AR) in children by region and age. (A) Forest plot of studies
stratified by geographic region (Asian vs Western countries). Obesity was associated with AR only in children from Western countries (OR: 1.12, 95% CI:
1.00–1.24, P = 0.04; I2 = 0%), but not in Asian children (OR: 1.04, 95% CI: 0.97–1.12, P = 0.27; I2 = 52%). (B) Forest plot of studies stratified by mean age
(< 11 vs ≥ 11 years), showing no significant subgroup differences (P for subgroup difference = 0.82). Note: The regional subtotal in Figure 3A excludes
multinational datasets that could not be uniquely assigned to either Asian or Western categories, and therefore does not equal the overall total reported in
Figure 2. Abbreviations: OR: Odds ratio; CI: Confidence interval; SE: Standard error; IV: Inverse variance; df: Degrees of freedom.
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Figure 4. Subgroup analyses of the association between obesity and allergic rhinitis (AR) in children by sex and obesity definition. (A) Forest plot
of studies stratified by sex, showing no significant subgroup differences between girls and boys (P = 0.95); (B) Forest plot of studies stratified by obesity
definition. A significant association was observed in studies using national/international BMI cutoffs (OR: 1.06, 95% CI: 1.01–1.10, P = 0.02; I2 = 17%), but not
in those using BMI ≥ 95th percentile (OR: 1.02, 95% CI: 0.92–1.14, P = 0.68; I2 = 28%). Abbreviations: OR: Odds ratio; CI: Confidence interval; SE: Standard
error; IV: Inverse variance; df: Degrees of freedom; BMI: Body mass index.

Our results refine and contextualize previous syntheses.
An early meta-analysis published in 2020 reported a mod-
est but significant association between obesity or overweight
and AR in children (OR: 1.09; 95% CI: 1.04–1.14). However,

that analysis combined children and adults and included
both overweight and obese categories, potentially inflating
the pooled estimates [39]. More recently, Yeo et al. [40] con-
ducted a large-scale meta-analysis that included both children
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Figure 5. Subgroup analyses of the association between obesity and allergic rhinitis (AR) in children by diagnostic method and study quality.
(A) Obesity was significantly associated with physician-diagnosed AR (OR: 1.07, 95% CI: 1.02–1.13), but not with AR defined by the ISAAC questionnaire;
(B) A significant association was observed in studies with NOS = 7, but not in those with NOS = 8 or 9. Abbreviations: OR: Odds ratio; CI: Confidence
interval; SE: Standard error; IV: Inverse variance; df: Degrees of freedom; BMI: Body mass index; ISAAC: International Study of Asthma and Allergies in
Childhood; NOS: Newcastle–Ottawa Scale.
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Figure 6. Funnel plot of the association between obesity and allergic
rhinitis (AR) in children. The plot appeared symmetrical, and Egger’s test
showed no evidence of publication bias (P = 0.43).

and adults with abnormal BMI (overweight and obesity) and
found no significant association with AR in any subgroup. Our
meta-analysis diverges from these prior studies by exclusively
including children and adolescents, focusing solely on obesity
(not overweight), requiring multivariate adjustments (at least
for age and sex), and performing detailed subgroup analy-
ses to explore sources of heterogeneity. Compared to earlier
work, this study provides more nuanced insights into specific
subgroups where the association may be more pronounced or
absent.

The stronger association observed in Western countries may
be attributed to several factors. Lifestyle and dietary patterns
in Western populations, including higher consumption of pro-
cessed foods, sedentary behaviors, and increased prevalence of
obesity-related metabolic inflammation, could amplify immune
dysregulation and heighten susceptibility to AR [41]. Environ-
mental exposures also differ; Western children may experi-
ence greater exposure to indoor allergens, pollutants, or urban
environments that interact with obesity-related inflammation
to exacerbate airway responses. In contrast, Asian countries
may report weaker associations partly due to stricter diag-
nostic thresholds for AR, disparities in healthcare access, and
cultural variations in healthcare-seeking behavior, leading to
underdiagnosis [42]. Genetic differences, distinct microbiome
profiles, and protective early-life exposures (e.g., traditional
diets and lower prevalence of early-life obesity) may also atten-
uate the observed association in Eastern populations. Collec-
tively, these factors may explain the regional heterogeneity
observed in our subgroup analysis. The definition of obesity
appeared to influence the observed relationship with AR. Stud-
ies utilizing fixed national or international BMI cutoffs (e.g., ≥
25 kg/m2) demonstrated a significant association, while those
employing age- and sex-specific ≥ 95th percentile cutoffs did
not. This discrepancy may reflect measurement inconsistencies
or differences in the populations captured by each approach.
Fixed cutoffs may classify more children as obese in certain
populations, particularly adolescents where BMI can plateau,
thereby increasing statistical power to detect associations [43].

Conversely, the percentile-based method may misclassify chil-
dren near the threshold and dilute the effect [43]. Our findings
also indicate that AR diagnostic methods influence observed
associations. Studies using physician-diagnosed AR reported
a significant association with obesity, while those using the
ISAAC questionnaire did not. Physician diagnosis may incor-
porate clinical judgment, symptom severity, and objective evi-
dence (e.g., IgE testing), providing a more accurate definition
of AR [44]. The ISAAC questionnaire, while validated, may
be more susceptible to recall bias and variability in parental
reporting [44]. This discrepancy highlights the need for stan-
dardized and objective AR diagnosis in future epidemiologic
studies. Notably, the association was strongest in studies with
an NOS score of 7 but was not significant in studies with scores
of 8 or 9. However, the between-subgroup P value was not
significant, and meta-regression did not support NOS score as
a moderator. Given that all included studies were rated as high
quality (NOS ≥ 7), this apparent paradox is unlikely to reflect
a genuine quality gradient and may instead arise from chance
variation or sample characteristics. Thus, while subgroup pat-
terns are identified, our overall conclusion is grounded in con-
sistently high-quality evidence across all studies.

Several biological mechanisms may underlie the potential
link between obesity and AR in children. Adipose tissue func-
tions as an endocrine organ that secretes pro-inflammatory
cytokines such as tumor necrosis factor-alpha, interleukin-
6, and leptin, which can amplify systemic inflammation and
immune dysregulation [45]. These mediators may alter the bal-
ance between T-helper 1 and T-helper 2 immune responses,
promote eosinophilic inflammation, and compromise epithelial
barrier integrity in the airway mucosa [46]. Obesity-related
changes in lung mechanics, such as reduced functional resid-
ual capacity and altered nasal airflow, may further predis-
pose obese children to airway inflammation and allergen
sensitization [47]. Recent experimental work has demonstrated
that modulation of the toll-like receptor 4/mitogen-activated
protein kinase/nuclear factor kappa B signaling pathway plays
a key role in AR pathogenesis, with chlorogenic acid shown
to exert therapeutic effects through this mechanism [48].
These immunologic and physiologic pathways provide a plau-
sible foundation for the observed association between obe-
sity and AR, particularly in children with coexisting atopic
conditions.

This study has several strengths. It represents a comprehen-
sive and up-to-date synthesis focusing exclusively on childhood
obesity and AR in children. By requiring multivariable adjust-
ment (at least for age and sex), our analysis minimizes con-
founding and complements recent broader meta-analyses that
combined children and adults. We applied stringent inclusion
criteria, conducted extensive subgroup analyses, and assessed
heterogeneity and publication bias using established meth-
ods. Nonetheless, several limitations should be acknowledged.
First, although our protocol was registered in PROSPERO, this
occurred after the completion of the database search, meaning
the registration was not strictly prospective. While the review
protocol was defined in advance and adhered to, post-hoc reg-
istration may raise concerns about selective reporting and
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should be considered when interpreting the subgroup findings.
Second, the cross-sectional design of all included studies pre-
cludes causal inference; reverse causation remains possible,
where AR or its treatment influences physical activity and
weight [49]. Although our inclusion criteria permitted longi-
tudinal designs, no eligible cohort or case-control studies were
identified, limiting the evidence base to cross-sectional stud-
ies. Third, the lack of individual participant data restricted
our ability to explore dose-response relationships, detailed age
stratification (e.g., preschoolers vs adolescents), or coexisting
conditions such as asthma. Additionally, heterogeneity in defi-
nitions of obesity and AR may have influenced the findings, and
residual confounding from unmeasured factors—such as diet,
vitamin D status, genetic susceptibility, or allergen exposure—
cannot be excluded. Furthermore, the majority of studies relied
on self-reported or questionnaire-based data, which may be
subject to recall and misclassification biases. Another limita-
tion is that some included studies reported stratified results
by age or sex, which we treated as independent datasets to
facilitate more detailed subgroup analyses. While this is a com-
mon approach in meta-analyses, it may not fully account for
within-study clustering. Nevertheless, as only a few studies
contributed stratified data and leave-one-out sensitivity anal-
yses showed stable findings, the potential influence on vari-
ance estimates is likely minimal. Moreover, the subgroup and
meta-regression analyses were based on study-level covariates
rather than individual participant data, which may introduce
ecological bias. Therefore, the absence of significant moderator
effects should be interpreted with caution. Furthermore, we
could not evaluate adjustment depth (e.g., number or type of
covariates included) through meta-regression due to substan-
tial variability across studies. This variability limits our ability
to formally assess whether differences in confounder adjust-
ment contributed to heterogeneity. Excluding overweight indi-
viduals may also limit the generalizability of findings, though it
strengthens the specificity of our exposure definition. Finally,
our restriction to English-language, peer-reviewed publica-
tions and the exclusion of grey literature may have introduced
language or publication bias. Although Egger’s test did not indi-
cate significant publication bias (P = 0.43), this possibility can-
not be entirely ruled out.

Clinically, these findings suggest that obesity may con-
tribute to AR risk in specific pediatric populations, particularly
in Western countries or when using standardized diagnos-
tic criteria. However, given the non-significant overall asso-
ciation and the cross-sectional design of all included studies,
causal inferences cannot be made. Therefore, while preven-
tive strategies against childhood obesity remain vital for vari-
ous health outcomes, their potential to reduce allergic burden
requires confirmation in longitudinal and interventional stud-
ies. Additionally, the modest effect sizes observed may under-
score the need for multifactorial approaches in AR prevention
and management. Future research should prioritize large-scale,
prospective cohort studies with standardized definitions of both
obesity and AR, detailed phenotyping of allergic disease, and
adjustment for a broader range of confounders. Investigating
the role of obesity interventions in AR prevention or symptom

control, as well as exploring underlying molecular mechanisms
through systems biology or biomarker studies, could offer novel
insights.

Conclusion
In conclusion, childhood obesity was not significantly asso-
ciated with the overall risk of AR. However, subgroup anal-
yses revealed significant associations in studies utilizing
national and international BMI cut-offs and those employing
physician-diagnosed AR criteria. These findings suggest that
methodological differences and population context may impact
observed associations, highlighting the necessity for longitudi-
nal studies to confirm these results.
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