Biomolecules and Biomedicine

3
B I o m OI ec u I es ISSN: 2831-0896 (Print) | ISSN: 2831-090X (Online)

Journal Impact Factor® (2024): 2.2

& BiomediCine CiteScore® (2024): 5.2

www.biomolbiomed.com | blog.bjbms.org

The BiomolBiomed publishes an “Advanced Online” manuscript format as a free service to authors in order to expedite the
dissemination of scientific findings to the research community as soon as possible after acceptance following peer review and
corresponding modification (where appropriate). An “Advanced Online” manuscript is published online prior to copyediting,
formatting for publication and author proofreading, but is nonetheless fully citable through its Digital Object Identifier (doi®).
Nevertheless, this “Advanced Online” version is NOT the final version of the manuscript. When the final version of this paper is
published within a definitive issue of the journal with copyediting, full pagination, etc., the new final version will be accessible
through the same doi and this "Advanced Online" version of the paper will disappear.

META-ANALYSIS

Xing et al: Obesity and allergic rhinitis in children

Childhood obesity and allergic rhinitis: A meta-analysis

Xinxin Xing, Sihao Zhu, Guang Zhou, Yubo Ma, Hai Wang"

Department of Pediatrics II, the First Affiliated Hospital of Heilongjiang University of
Chinese Medicine, Harbin, China

*Correspondence to Hai Wang: drwanghaihlj23@hotmail.com

DOI: https://doi.org/10.17305/bb.2025.12982



mailto:drwanghaihlj23@hotmail.com
https://doi.org/10.17305/bb.2025.12982
https://www.scopus.com/sourceid/21101152701
https://www.scopus.com/sourceid/91727
http://www.biomolbiomed.com/

ABSTRACT

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; I = 24%). However, subgroup analyses revealed a
significant association in Western countries (OR: 1.12, 95% CI: 1.00-1.24; p = 0.04;
12 = 0%), while no significant association was found in Asian countries (OR: 1.04,
95% CI: 0.97-1.12; p = 0.27; I> = 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 theresults (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.
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INTRODUCTION

Allergic rhinitis (AR) is a prevalent chronic inflammatory disease of the upper airway
in children, characterized by sneezing, nasal congestion, rhinorrhea, and nasal itching,
often accompanied by ocular symptoms (1, 2). It affects up to 40% of children
worldwide and its prevalence has been rising, particularly in urbanized and
industrialized regions (3, 4). Although not life-threatening, AR imposes a significant
burden on children’s quality of life, leading to sleep disturbances, impaired cognitive
performance, reduced school attendance, and behavioral problems (5, 6)-AR
frequently coexists with other atopic conditions such as asthma and eczema, further
amplifying its clinical impact (7). While genetic predisposition plays a critical role,
environmental exposures, air pollution, secondhand smoke, and socioeconomic
factors have all been implicated in its development (8, 9). Identifying modifiable risk
factors for AR is essential to support early prevention and reduce long-term health

consequences in children.

Obesity, typically defined as a body mass index (BMI) at or above the 95th percentile
for age and sex, has become an increasing coneern in the pediatric population, with
over 340 million children and adolescents affected globally (10, 11). Childhood
obesity is associated with adverse physical and psychosocial outcomes and often
tracks into adulthood, increasing the risk of chronic diseases such as type 2 diabetes
and cardiovascular disorders (12, 13). In recent years, obesity has also been
hypothesized to contribute to allergic diseases. Adipose tissue acts as an endocrine
organ releasing pro-inflammatory cytokines and adipokines, which may promote
systemic inflammation, alter T-helper cell balance, and impair epithelial barrier
integrity. in the airways; thereby increasing susceptibility to allergic responses (14, 15).
Despite the biological plausibility, epidemiological findings on the relationship
between obesity and AR in children remain inconsistent. Some studies suggest a
positive association (16, 17), while others report no significant link (18-30),
potentially due to differences in population characteristics, obesity definitions, or AR
diagnostic methods. Notably, obesity in children can be defined either by age- and
sex-specific > 95th percentile BMI thresholds or by fixed international BMI cut-offs
(11), which may capture different populations and contribute to variability across

studies. To address these uncertainties, we performed a systematic review and meta-



analysis to assess the association between obesity and AR in children, and to explore

possible effect modifiers through predefined subgroup analyses.

MATERIAL AND METHODS
This study followed the PRISMA 2020 (31, 32) and Cochrane Handbook guidelines
(33) for conducting systematic reviews and meta-analyses, covering study design,

data collection, statistical methods, and interpretation of results. The protocol was also

registered in PROSPERO under the ID CRD420251108821.

Database search

To identify studies pertinent to this meta-analysis, we searched PubMed; Embase, and
Web of Science databases using an extensive array of search terms, which involved
the combined terms of (1) "obesity" OR "obese" OR "overweight" OR "body mass
index" OR "BMI"; (2) "allergic rhinitis" OR "atopic rhinitis" OR "allergic rhinitides"
OR "atopic rhinitides"; and (3) "children" OR "pediatric" OR "paediatric" OR
"adolescents". The search was restricted.to studies on human subjects and included
only full-length articles published in English in peer-reviewed journals. Grey
literature was not included, as most such reports are not peer-reviewed and may
reduce the reliability of findings. We also manually checked the references of related
original and review articles to find additional relevant studies. The search covered all
records from database inception up to May 26, 2025. The detailed search strategy for

each database is shown in Supplemental File 1.

Study eligible criteria
Weapplied the PECO framework to define the inclusion criteria:

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

(obesity) and AR.

E (exposure): The exposure to be reviewed in this meta-analysis was childhood
obesity, defined using standardized criteria such as 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 clearly distinguish and report on obesity as

a separate category were included.



C (comparison): The comparator group of the meta-analysis consists 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 international

growth references.

O (outcome): The main outcome of interest was the presence of AR in children, as
defined by physician diagnosis, validated questionnaires (e.g., the International Study
of Asthma and Allergies in Childhood [ISAAC] criteria), or self-reported diagnosis
confirmed by symptoms. Only studies reporting the multivariate-adjusted association

between obesity and AR in children were included, at least for age-and sex.

S (study design): Observational studies, such as cohort studies, case-control studies,

and cross-sectional studies.

We excluded reviews, editorials, other meta-analyses, studies including-adult
population, studies evaluating influence of overweight only or combined overweight
with obesity, studies not reporting AR as outcome, or studies reporting univariate data
only. If studies had overlapping populations; we included the one with the largest

sample size in the meta-analysis,

Study quality evaluation

Two authors independently performed the literature search, study selection, quality
assessment, and data extraction. Disagreements were resolved by discussion with the
corresponding author. Study quality was assessed using a modified version of the
Newcastle=Ottawa Scale (NOS) adapted for cross-sectional studies (34), as applied in
priormeta-analyses (35, 36). The rubric covered selection (4 items), comparability (2
items), and outcome (3 items), with a maximum of 9 points. Details of the specific
items and scoring criteria are provided in Supplemental File 3. Studies scoring >7

were considered high quality.

Data collection

The data collected for analysis included the study details (author, year, study country,
and design), participant characteristics (source of the children, age range, mean age,
and the proportion of boys), definition and the number of children with obesity,
methods for the diagnosis of AR, numbers of children with AR, and covariates

adjusted in the regression models.



Statistical analysis

We used odds ratios (ORs) and 95% confidence intervals (Cls) to assess the
association between obesity and AR in children, comparing between children with
obesity and normal weight. ORs and standard errors were directly extracted or
calculated from 95% CIs or p values, then log-transformed to stabilize variance and
normalize the data (33). If multiple ORs were reported from different models, we
used the one with the most complete adjustment. Heterogeneity was assessed using
the Cochrane Q test and I? statistic (37), with a p value < 0.10 suggesting-significant
heterogeneity and I? values of < 25%, 25-75%, and > 75% indicating low, moderate,
and high heterogeneity. A random-effects model was used to pool the data,
accounting for heterogeneity between studies (33). The primary analyses applied the
DerSimonian—Laird (DL) method, and sensitivity analyses were also performed using
the restricted maximum likelihood (REML) estimator (33). In addition, a sensitivity
analysis was conducted by collapsing sex-stratified datasets into one effect size per
study to account for potential within-study clustering. Sensitivity analysis by
excluding one dataset at a time was performed to evaluate the robustness of the
finding (33). Predefined subgroup analyses were conducted based on study countries
(Asian vs. western countries), average age of the children, sex distribution, definition
of obesity (national/international BMI cutoffs vs. BMI > the 95th percentile for age
and sex), methods for'diagnosis of AR (ISAAC criteria or physician diagnosed), and
NOS scores of the included studies: Medians of continuous variables were used to
divide subgroups evenly. Further univariate meta-regression analysis was performed
to evaluate if mean age, proportion of male, or NOS could affect the association
between obesity and AR (37). Publication bias was assessed using funnel plots and
visual inspection for asymmetry, along with Egger’s test (38). The certainty of the
evidence was assessed using the Grading of Recommendations Assessment,
Development and Evaluation (GRADE) approach, considering risk of bias,
inconsistency, indirectness, imprecision, and publication bias (33). All analyses were
performed 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 shown in Figure 1. We first identified 1129 records
from the three databases. After removing 311 duplicates, 818 articles were screened
by title and abstract. Of these, 783 were excluded for not meeting the aims of the
meta-analysis. The full texts of the remaining 35 articles were reviewed by two
independent authors, and 20 were excluded for various reasons (see Figure 1). In the

end, 15 studies were included in the quantitative analysis (16-30).

Summary of study characteristics

Table 1 summarizes the characteristics of the 15 cross-sectional studies included in
this meta-analysis, which were published between 2007 and 2025 and conducted
across diverse regions including Spain, Japan, Canada, Taiwan (China), the United
States, Korea, Poland, China, and multiple international centers. These studies
involved a combined total of 569,856 children and adolescents. Participants ranged in
age from 2 to 18 years, with mean ages between 6.5 and 15.5 years. All included
studies adopted a cross-sectional design, and obesity was primarily defined using the
age- and sex-specific > 95th percentile BMI cutoffs (19, 21, 24, 26, 27, 29, 30),
international BMI standards (18, 20, 22, 23, 25), or country-specific thresholds (e.g.,
> 25 kg/m? in Korea, >23 kg/m? in Taiwan) (16, 17, 28). The number of obese
children in eachstudy varied widely, ranging from 130 to 14,452. AR was most
frequently diagnosed based on the ISAAC questionnaire in 8 studies (18-23, 25, 26),
with additional methods including physician diagnosis in six studies (16, 17, 27-30),
and via International Classification of Disease codes in another study (24). Some
studies also. incorporated symptom criteria and/or objective measures such as positive
IgE tests (27, 30). The number of AR cases ranged from 295 to over 25,000 across
studies. All'studies adjusted for at least age and sex in their analyses. Many studies
additionally accounted for various confounders such as household smoking, parental
education, physical activity, environmental exposures (e.g., traffic or secondhand
smoke), socioeconomic indicators, and other allergic conditions. As shown in Table 2,
the methodological quality of included studies, assessed using the NOS scale, was
high, with NOS varying from seven to nine. Six studies achieved a full score of 9,

reflecting appropriate case and control selection, adequate control for age, sex, and



other confounders, and consistent exposure and outcome ascertainment methods (16,
18-21, 27). Other nine studies scored 7 or 8 (17, 22-26, 28-30), mainly due to
limitations in case definition, incomplete adjustment for additional confounders, or
lack of representativeness. Despite variability in design detail, all studies met criteria
for valid AR ascertainment and comparable assessment methods between groups,

supporting the reliability of the pooled estimates.

Association between obesity and AR in children

Because five studies reported the association between obesity and AR in boys and
girls separately (18, 19, 23, 27, 28), and two studies reported the association in two
independent age groups (23, 26), these stratified datasets were independently included
in the meta-analysis, resulting in 23 datasets. This approach allowed more detailed
subgroup analyses. Pooled results showed that overall, obesity was not associated
with AR in children (adjusted OR: 1.04, 95% CL:-1.00 to 1.09, p = 0.08; Figure 2)
with mild heterogeneity observed (p for Cochrane Q test =0.15; 12 = 24%). In
addition, a sensitivity analysis using the REML model also showed similar results
(adjusted OR: 1.04, 95% CI: 1.00 to 1.09, p. = 0.07; I? =28%, Supplemental Figure
1). We further collapsed sex-stratified datasets into a single effect size per study,
which produced results similar to the main analysis (adjusted OR: 1.05, 95% CI: 1.00
to 1.09, p = 0.05; 1> = 14%, Supplemental Figure 2), indicating that potential within-
study clustering did not materially influence our conclusions. In addition, sensitivity
analysis omitting one dataset at a time showed consistent results (OR: 1.03 to 1.06, p
all > 0.05). Moreovet, sensitivity analysis limited to studies with NOS > 8 showed
similar results (adjusted OR: 1.03, 95% CI: 0.97 to 1.08, p = 0.36; I* = 36%). Further
subgroup analyses suggested a significant association between obesity and AR in
children from Western countries (OR: 1.12, 95% CI: 1.00 to 1.24, p = 0.04; I = 0%),
but not in children from Asian countries (OR: 1.04, 95% CI: 0.97 to 1.12, p = 0.27; I
= 52%; Figure 3A). However, similar results were observed in 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). Moreover, a
significant association between obesity and AR was observed in studies with obesity
defined according to the national/international BMI cutoffs (OR: 1.06, 95% CI: 1.01
to 1.10, p = 0.02; 1> = 17%), but not in studies with obesity defined as BMI > age- and
sex-specific 95th percentile (OR: 1.02, 95% CI: 0.92 to 1.14, p = 0.68; 1> = 28%;



Figure 4B). Interestingly, a significant association between obesity and AR was
observed in studies with physician-diagnosed AR (OR: 1.07, 95% CI: 1.02 to 1.13, p
= 0.006; I> = 13%), but not in studies with AR diagnosed according to the ISAAC
questionnaire (OR: 1.01, 95% CI: 0.95 to 1.08, p = 0.74; 1> = 25%; Figure 5A).
Moreover, a significant association between obesity and AR was observed in studies
with NOS =7 (OR: 1.16, 95% CI: 1.02 to 1.31, p = 0.02; I> = 0%), but not in studies
with NOS = 8 (OR: 1.02, 95% CI: 0.95 to 1.10, p = 0.52; 1> = 30%) or 9 (OR: 1.02,
95% CI: 0.93 to 1.12, p = 0.68; I> = 44%; Figure 5B). Finally, results of univariate
meta-regression analysis did not support that mean age, proportion of male, or NOS
have significant influence on 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 study design-and imprecision of effect
estimates, although heterogeneity, indirectness, and publication bias were not

considered serious concerns (Supplemental Table 1).

Publication bias
Funnel plots for the meta-analyses of the association between obesity and AR in
children are shown in Figure 6. The plots appeared symmetrical, suggesting a low

risk of publication bias. Egger’s test also showed no evidence of publication bias (p =

0.43).

DISCUSSION

This meta-analysis of over half a million children 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 using national/international
BMI cutoffs, in studies with physician-diagnosed AR, and in those with a NOS score
of 7. These findings suggest that the relationship between obesity and AR in children
may vary by geographic region, obesity and AR definitions, and study design quality.
Our results refine and add important context to previous syntheses. An early meta-
analysis published in 2020 reported a modest but significant association between
obesity or overweight and AR in children (OR: 1.09; 95% CI: 1.04—-1.14), although
that analysis combined children and adults, and included both overweight and obese

categories, which may have inflated the pooled estimates (39). More recently, Yeo et



al. (40) conducted a large-scale meta-analysis including both children and adults with
abnormal BMI (overweight and obesity) and found no significant association with AR
in any subgroup. Our meta-analysis differs from these meta-analyses by strictly
including children and adolescents, focusing exclusively on obesity (not overweight),
requiring multivariate adjustment (at least for age and sex), and performing detailed
subgroup analyses to explore sources of heterogeneity. Compared to prior 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 explained by several
factors. Lifestyle and dietary patterns in Western populations, including higher
consumption of processed foods, sedentary behaviors, and greater prevalence of
obesity-related metabolic inflammation, could amplify immune dysregulation and
increase susceptibility to AR (41). Environmental exposures also differ: Western
children may have greater exposure to indoor allergens, pollutants, ot urban
environments that interact with obesity-related inflammation to exacerbate airway
responses. By contrast, Asian countries may report weaker associations partly due to
stricter diagnostic thresholds for AR, differences in healthcare access, and cultural
variations in healthcare-seeking behavior, which can lead to underdiagnosis (42).
Genetic differences, distinct microbiome profiles, and protective early-life exposures
(e.g., traditional diets; lower prevalence of early-life obesity) may also attenuate the
observed association in Eastern populations. These factors together may explain the
regional heterogeneity observed in our subgroup analysis. The definition of obesity
appeared to impact the observed relationship with AR. Studies using fixed national or
international BMI cutoffs (e.g., > 25 kg/m?) showed a significant association, while
those using the age- and sex-specific > 95th percentile did not. This may reflect
measurement inconsistencies or differences in the populations captured by each
approach. The fixed cutoffs may classify more children as obese in certain
populations, particularly in adolescents where BMI can plateau, thereby increasing
statistical power to detect associations (43). Conversely, the percentile-based method
may misclassify children near the threshold and dilute the effect (43). Our findings
also suggest 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 incorporate

clinical judgment, symptom severity, and objective evidence (e.g., IgE testing),
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providing a more accurate AR case definition (44). The ISAAC questionnaire, while
validated, may be more susceptible to recall bias and variability in parental reporting
(44). This discrepancy underscores the importance of standardized and objective AR
diagnosis in future epidemiologic studies. Interestingly, the association was strongest
in studies with an NOS score of 7 but 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 patterns are noted, our overall conclusion rests on consistently high-
quality evidence across all studies.

Several biological mechanisms may underlie the potential-link between obesity and
AR in children. Adipose tissue functions 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 balance 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 residual capacity and altered nasal airflow, may further predispose obese
children to airway inflammation and allergen sensitization (47). In addition, recent
experimental work 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
thisimechanism (48).. These immunologic and physiologic pathways provide a
plausible foundation for the observed association between obesity and AR, especially
in children with coexisting atopic conditions.

This study has several strengths. It represents a comprehensive and up-to-date
synthesis focusing exclusively on childhood obesity and AR in children. By requiring
multivariable adjustment (at least for age and sex), our analysis minimizes
confounding 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 methods.

Nonetheless, several limitations should be acknowledged. First,
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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 registration may raise concerns about selective reporting and should be
considered when interpreting the subgroup findings. Second, the cross-sectional
design of all included studies precludes causal inference; reverse causation remains
possible, where AR or its treatment influences physical activity and weight (49).
Although our inclusion criteria permitted longitudinal designs, no eligible cohort or
case—control studies were identified, and the evidence base is therefore limited to
cross-sectional studies. Third, the lack of individual participant data limited our
ability to explore the effects of dose-response relationships, detailed age stratification
(e.g., preschoolers vs. adolescents), or coexisting conditions such-as asthma..In
addition, heterogeneity in obesity and AR definitions 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. Also, the
majority of studies relied on self-reported or questionnaire-based data, which may be
subject to recall and misclassification biases. Another limitation is that some included
studies reported stratified results by age or sex; which we treated as independent
datasets to enable more detailed subgroup analyses. While this is a common 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 analyses
showed stable findings, the potential influence on variance 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. In addition, we could not evaluate adjustment depth (e.g., number or type of
covariates included) through meta-regression because the covariates varied
substantially across studies. This variability limits our ability to formally assess
whether differences in confounder adjustment contributed to heterogeneity. Also, the
exclusion of overweight individuals may limit the generalizability of findings, though
it strengthens the specificity of our exposure definition. Finally, our restriction to
English-language, peer-reviewed publications and the exclusion of grey literature may
have introduced language or publication bias. Although Egger’s test did not indicate

significant publication bias (p = 0.43), this possibility cannot be entirely excluded.
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Clinically, these findings suggest that obesity may contribute to AR risk in certain
pediatric populations, particularly in Western countries or when using standardized
diagnostic criteria. However, given the non-significant overall association and the
cross-sectional design of all included studies, causal inferences cannot be made. Thus,
while preventive strategies against childhood obesity remain important for many
health outcomes, their potential to reduce allergic burden requires confirmation in
longitudinal and interventional studies. In addition, the modest effect sizes observed
may underscore 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 associated with overall AR risk;
however, subgroup analyses indicated significant associations in studies using
national/international BMI cut-offs and physician-diagnosed AR. These findings
suggest that methodological differences and population context may influence

observed associations, underscoring the need for longitudinal confirmation.
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Abbreviations: AR: Allergic rhinitis; ARTA: Allergic rhinitis and its impact on asthma; BMI: Body mass index; CRP: C-reactive protein;

CS: Cross-sectional study; ICD-9: International Classification of Diseases, Ninth Revision; IgE: Immunoglobulin E; ISAAC:
International Study of Asthma and Allergies-in Childhood; KNHNES: Korea National Health and Nutrition Examination Survey;

KYRBWS: Korea Youth Risk Behavior' Web-Based Survey; NR: Not reported in the original publication; values were not available and

were not imputed by the authors.
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Table 2. Study quality evaluation via the modified Newcastle-Ottawa Scale
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Table 3. Results of univariate meta-regression analysis

Variables OR for the association between obesity and AR
Coefficient 95% CI p values Adjusted R?
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: Neweastle-Ottawa Scale.
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Identification of studies via databases and registers ]
_5 Records identified from:
§ Databases (n = 1129) Records removed before screening:
= PubMed 312 Duplicate records removed
= Embase 365 (n=311)
5 Web of Science 452
A 4
) Records excluded (n = 783)
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(n =818) Editorials '
Irrelevant studies
Meta-analyses
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a A
;'\;ei)%r;s) assessed for eligibility Reports sxdided:
®  Including adults (n = 3)
®  Obesity not evaluated or
analyzed as exposure (n = 6)
® Included only children with AR
(n=2)
® Outcome of AR not reported
\ / (n=6)
®  Only univariate data available
o Studies included in review (n=2)
3 (n=15) ®  Overlaping population (n = 1)
©
=

Figure 1. Flowchart of database search and study inclusion
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Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% ClI
Garcia-Marcos 2007 girls 0.19885086 0.14712674 2.3% 1.22 [0.91, 1.63] B
Garcia-Marcos 2007 boys 0.16551444 0.12640083 3.0% 1.18 [0.92, 1.51] 1T =
Kusunoki 2008 girls 0.05826891 0.10531766  4.2% 1.06 [0.86, 1.30] =
Kusunoki 2008 boys -0.16251893 0.07771949 6.7% 0.85[0.73, 0.99] ]
Wang 2010 0.09531018 0.14407296 2.4% 1.10 [0.83, 1.46] N
Tanaka 2011 -0.12783337 0.12500574 3.1% 0.88 [0.69, 1.12] -1
Yao 2011 0.03922071 0.10243261 4.4% 1.04 [0.85, 1.27] -
Mitchell 2013 6~7 girls -0.07257069 0.10566296 4.1% 0.93 [0.76, 1.14] i
Mitchell 2013 6~7 boys 0.01980263 0.08498583  5.9% 1.02 [0.86, 1.20] -
Mitchell 2013 13~14 girls -0.18632958 0.10092164 4.5% 0.83 [0.68, 1.01] ]
Mitchell 2013 13~14 boys 0.06765865 0.08098322 6.3% 1.07 [0.91, 1.25] T
Sidell 2013 0.0861777 0.11396601 3.6% 1.09 [0.87, 1.36] NER
Weinmayr 2014 0.17395331 0.14031794  2.5% 1.19 [0.90, 1.57] =
Sybilski 2015 6~7 years 0.13102826 0.14360524  2.4% 1.14 [0.86, 1.51] i
Sybilski 2015 13~14 years 0.14842 0.21566745 1.1% 1.16 [0.76, 1.77] -1
Lin 2015 0.07696104 0.02363746 19.9% 1.08 [1.03, 1.13] =
Lei 2016 girls 0.39204209 0.19880737 1.3% 1.48 [1.00, 2.19]
Lei 2016 boys 0.18232156 0.16929758 1.8% 1.20 [0.86, 1.67] -
Lee 2016 0.03922071 0.0317762 17.2% 1.04 [0.98, 1.11] i
Han 2016 girls -0.19845094 0.33960066 0.5% 0.82[0.42, 1.60]
Han 2016 boys -0.35667494 0.3845507 0.4% 0.70[0.33, 1.49]
McArdle 2024 0.04879016 0.26062532  0.8% 1.05[0.63, 1.75] -
Lee 2025 0.33647224 0.1858658 1.5% 1.40 [0.97, 2.02]
Total (95% Cl) 100.0% 1.04 [1.00, 1.09] P

Heterogeneity: Tau? = 0.00; Chi? = 28.90, df = 22 (P = 0.15); I = 24%
Test for overall effect: Z=1.76 (P = 0.08)

05 0.7

Figure 2. Association between obesity and allergic rhinitis (AR) in children.

Forest plot of 23 datasets assessing the association between obesity and AR in

1 15 2

children. Pooled analysis showed no significant association (OR: 1.04, 95% CI: 1.00—
1.09, p = 0.08), with low heterogeneity (I> = 24%). Abbreviations: OR: Odds ratio; CI:

Confidence interval; SE: Standard error; IV: Inverse variance; df: Degrees of freedom.
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A Odds Ratio 0Odds Ratio

_Study or Subgroup __ 1og[Odds Ratio] SE Weight IV, Random. 95% CI IV, Random. 95%CI
1.2.1 Asian
Kusunoki 2008 girls 0.05826891 0.10531766  4.9% 1.06 [0.86, 1.30] i i 7
Kusunoki 2008 boys -0.16251893 0.07771949  8.2% 0.85[0.73, 0.99] el |
Tanaka 2011 -0.12783337 0.12500574  3.6% 0.88[0.69, 1.12] ==
Yao 2011 0.03922071 0.10243261 5.2% 1.04 [0.85, 1.27] e
Lin 2015 0.07696104 0.02363746 29.3% 1.08 [1.03, 1.13] ko
Lei 2016 girls 0.39204209 0.19880737  1.5% 1.48[1.00, 2.19] o=
Lei 2016 boys 0.18232156 0.16929758  2.1% 1.20 [0.86, 1.67] ]
Lee 2016 0.03922071 0.0317762 24.2% 1.04 [0.98, 1.11] -
Lee 2025 0.33647224 0.1858658 1.7% 1.40[0.97, 2.02] 1
Subtotal (95% CI) 80.7% 1.04[0.97, 1.12] *

Heterogeneity: Tau® = 0.00; Chi* = 16.83, df = 8 (P = 0.03); I’ = 52%
Test for overall effect: Z=1.11 (P =0.27)

1.2.2 Western countries

Garcia-Marcos 2007 girls 0.19885086 0.14712674  2.7% 1.22[0.91, 1.63] &
Garcia-Marcos 2007 boys 0.16551444 0.12640083 3.6% 1.18[0.92, 1.51] H—
Wang 2010 0.09531018 0.14407296  2.8% 1.10 [0.83, 1.46] T
Sidell 2013 0.0861777 0.11396601  4.3% 1.09 [0.87, 1.36] —TE
Sybilski 2015 6~7 years 0.13102826 0.14360524  2.8% 1.14 [0.86, 1.51] =
Sybilski 2015 13~14 years 0.14842 0.21566745  1.3% 1.16 [0.76, 1.77] —
Han 2016 girls -0.19845094 0.33960086  0.5% 0.82[0.42, 1.60) ———
Han 2016 boys -0.35667494 03845507  0.4% 070[033,149) — [
McArdle 2024 0.04879016 0.26062532  0.9% 1.05 [0.63, 1.75] —f—
Subtotal (95% CI) 19.3% 1.12[1.00, 1.24] >

Heterogeneity: Tau? = 0.00; Chi? = 3.02, df = 8 (P = 0.93); I = 0%
Test for overall effect: Z = 2.02 (P = 0.04)

Total (95% CI) 100.0% 1.06 [1.01, 1.11] *
Heterogeneity: Tau? = 0.00; Chi? = 20.83, df = 17 (P = 0.23); P = 18%
Test for overall effect: Z = 2.23 (P = 0.03)

Test for subaroun differences: Chi? = 1.12. df = 1 (P = 0.29). 12 = 10.4%

05 07 1 15 2

B Odds Ratio 0Qdds Ratio
SE_Weight IV, Random, 95% CI IV, Random, 95%Cl

1.3.1 Mean age < 11 years
Garcia-Marcos 2007 girls 0.19885086 0.14712674 2.3% 1.22 [0.91, 1.63] T
Garcia-Marcos 2007 boys 0.16551444 0.12640083 3.0% 1.18[0.92, 1.51] =i v
Kusunoki 2008 girls 0.05826891 0.10531766 4.2% 1.06 [0.86, 1.30] =
Kusunoki 2008 boys -0.16251893 0.07771949 6.7% 0.85[0.73, 0.99] |
Tanaka 2011 -0.12783337 0.12500574 3.1 0.88[0.69, 1.12] ||
Yao 2011 0.03922071 0.10243261 4.4% 1.04 [0.85, 1.27] i
Mitchell 2013 6~7 girls -0.07257069 0.10566296 4.1% 0.93[0.76, 1.14] ] i
Mitchell 2013 6~7 boys 0.01980263 0.08498583 5.9% 1.02 [0.86, 1.20] i e
Weinmayr 2014 0.17395331 0.14031794 2.5% 1.19 [0.90, 1.57] & i
Sybilski 2015 6~7 years 0.13102826 0.14360524 2.4% 1.14[0.86, 1.51] o i
Lei 2016 girls 0.39204209 0.19880737 1.3% 1.48 [1.00, 2.19]
Lei 2016 boys 0.18232156 0.16929758 1.8% 1.20 [0.86, 1.67] i
McArdle 2024 0.04879016 0.26062532 0.8% 1.05[0.63, 1.75] - L.
Subtotal (95% Cl) 42.6% 1.04[0.96, 1.13] 4

Heterogeneity: Tau? = 0.01; Chi* = 16.87, df = 12 (P = 0.15); I’ = 29%
Test for overall effect: Z = 1.00 (P = 0.32)

1.3.2 Mean age = 11 years

Wang 2010 0.09531018 0.14407296  2.4% 1.10 [0.83, 1.46] o -
Mitchell 2013 13~14 girls -0.18632958 0.10092164  4.5% 0.83[0.68, 1.01] =
Mitchell 2013 13~14 boys 0.06765865 0.08098322  6.3% 1.07 [0.91, 1.25] &
Sidell 2013 0.0861777 0.11396601  3.6% 1.09 [0.87, 1.36] 5
Sybilski 2015 13~14 years 0.14842 0.21566745  1.1% 1.16 [0.76, 1.77] =
Lin 2015 0.07696104 0.02363746 19.9% 1.08 [1.03, 1.13] -
Lee 2016 0.03922071 0.0317762 17.2% 1.04 [0.98, 1.11] ™
Han 2016 girls -0.19845094 0.33960066  0.5% 0.82[0.42, 1.60] E—

Han 2016 boys -0.35667494 0.3845507  0.4% 0.70[033,149) — [
Lee 2025 033647224 0.1858658  1.5% 1.40(0.97, 2.02) 1
Subtotal (95% CI) 57.4% 1.05 [1.00, 1.11] .

Heterogeneity: Tau? = 0.00; Chi? = 11.15, df =9 (P = 0.27); I = 19%
Test for overall effect: Z = 1.97 (P = 0.05)

Total (95% CI) 100.0% 1.04 [1.00, 1.09] .
Heterogeneity: Tau? = 0.00; Chi? = 28.90, df = 22 (P = 0.15); I? = 24% 0'5 0'7 1 1'5
Test for overall effect: Z = 1.76 (P = 0.08) : : i
Test for subarounp differences: Chi? = 0.05. df = 1 (P = 0.82). I?=0%

o4

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; I> =
0%), but not in Asian children (OR: 1.04, 95% CI: 0.97-1.12, p = 0.27; I> = 52%)). (B)
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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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A Odds Ratio Odds Ratio
Study or Subgrouy log[Odds Ratio] SE Weight V. Random, 95% CI IV, Random, 95% CI

1.4.1 Girls

Garcia-Marcos 2007 girls 0.19885086 0.14712674  6.9% 1.22[0.91, 1.63] b

Kusunoki 2008 girls 0.05826891 0.10531766 10.4% 1.06 [0.86, 1.30] I o
Mitchell 2013 6~7 girls -0.07257069 0.10566296 10.4% 0.93[0.76, 1.14] e

Mitchell 2013 13~14 girls -0.18632958 0.10092164 10.9% 0.83 [0.68, 1.01] == |

Lei 2016 girls 0.39204209 0.19880737  4.4% 1.48[1.00, 2.19] [~ =
Han 2016 girls -0.19845094 0.33960066 1.8% 0.82[0.42, 1.60] - L
Subtotal (95% CI) 44.8% 1.02 [0.87, 1.20] >

Heterogeneity: Tau? = 0.02; Chi#=10.23, df = 5 (P = 0.07); P =51%
Test for overall effect: Z = 0.27 (P = 0.79)

1.4.2 Boys

Garcia-Marcos 2007 boys 0.16551444 0.12640083  8.5% 1.18[0.92, 1.51] T
Kusunoki 2008 boys -0.16251893 0.07771949 13.7% 0.85[0.73, 0.99] i
Mitchell 2013 6~7 boys 0.01980263 0.08498583 12.7% 1.02[0.86, 1.20] -
Mitchell 2013 13~14 boys 0.06765865 0.08098322 13.3% 1.07 [0.91, 1.25] o

Lei 2016 boys 0.18232156 0.16929758 5.7% 1.20[0.86, 1.67] S
Han 2016 boys -0.35667494  0.3845507 1.4% 0.70[0.33,149] — |
Subtotal (95% Cl) 55.2% 1.02 [0.90, 1.14] L 4

Heterogeneity: Tau? = 0.01; Chi?=8.86, df =5 (P = 0.11); 1= 44%
Test for overall effect: Z=0.24 (P = 0.81)

Total (95% ClI) 100.0% 1.01[0.93, 1.11] ?
Heterogeneity: Tau? = 0.01; Chi# = 19.10, df = 11 (P = 0.06); 1> = 42% T ' T T Y
Test for overall effect: Z=0.31 (P = 0.75) 05 07 1 15 2
Test for subaroup differences: Chi? = 0.00. df =1 (P = 0.95). I? = 0%

B Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight V. Random, 95% Cl 1V, Random, 95% Cl
1.5.1 International/local BMI cutoffs
Garcia-Marcos 2007 girls 0.19885086 0.14712674 2.3% 1.22[0.91, 1.63] ==
Garcia-Marcos 2007 boys 0.16551444 0.12640083 3.0% 1.18[0.92, 1.51] I
Wang 2010 0.09531018 0.14407296  2.4% 1.10 [0.83, 1.46] T
Yao 2011 0.03922071 0.10243261 4.4% 1.04 [0.85, 1.27] e
Mitchell 2013 6~7 girls -0.07257069 0.10566296  4.1% 0.93 [0.76, 1.14] =
Mitchell 2013 6~7 boys 0.01980263 0.08498583  5.9% 1.02 [0.86, 1.20] T
Mitchell 2013 13~14 girls -0.18632958 0.10092164 4.5% 0.83[0.68, 1.01] =
Mitchell 2013 13~14 boys 0.06765865 0.08098322 6.3% 1.07 [0.91, 1.25] i
Weinmayr 2014 0.17395331 0.14031794  2.5% 1.19[0.90, 1.57] =
Lin 2015 0.07696104 0.02363746 19.9% 1.08 [1.03, 1.13] B
Lee 2016 0.03922071 0.0317762 17.2% 1.04 [0.98, 1.11] B
Lee 2025 0.33647224 0.1858658  1.5% 1.40[0.97, 2.02] I
Subtotal (95% CI) 74.1% 1.06 [1.01, 1.10] ’
Heterogeneity: Tau? = 0.00; Chi* = 13.26, df = 11 (P =0.28); = 17%

Test for overall effect: Z = 2.38 (P = 0.02)

1.5.2 BMI = 95th percentile

Kusunoki 2008 girls 0.05826891 0.10531766  4.2% 1.06 [0.86, 1.30] T
Kusunoki 2008 boys -0.16251893 0.07771949  6.7% 0.85[0.73, 0.99] Bl

Tanaka 2011 -0.12783337 0.12500574 3.1% 0.88[0.69, 1.12] “==

Sidell 2013 0.0861777 0.11396601 3.6% 1.09 [0.87, 1.36] T=
Sybilski 2015 6~7 years 0.13102826 0.14360524  2.4% 1.14 [0.86, 1.51] = -
Sybilski 2015 13~14 years 0.14842 0.21566745 1.1% 1.16 [0.76, 1.77] =
Lei 2016 girls 0.39204209 0.19880737  1.3% 1.48 [1.00, 2.19] -
Lei 2016 boys 0.18232156 0.16929758  1.8% 1.20 [0.86, 1.67] I
Han 2016 girls -0.19845094 0.33960066  0.5% 0.82[0.42, 1.60] - =1
Han 2016 boys -0.35667494  0.3845507 0.4% 0.70[0.33, 1.49] _
McArdle 2024 0.04879016 0.26062532 0.8% 1.05 [0.63, 1.75] =
Subtotal (95% Cl) 25.9% 1.02 [0.92, 1.14] L 4
Heterogeneity: Tau? = 0.01; Chi* = 13.89, df = 10 (P = 0.18); I?=28%

Test for overall effect: Z=0.41 (P = 0.68)

Total (95% CI) 100.0% 1.04 [1.00, 1.09] }
Heterogeneity: Tau? = 0.00; Chi? = 28.90, df = 22 (P = 0.15); I? = 24% 0’_2 055 ! 2 5

Test for overall effect: Z = 1.76 (P = 0.08)
Test for subaroup differences: Chiz =0.30. df = 1 (P =0.59). I?= 0%

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; I = 17%), but not in those using BMI > 95th
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percentile (OR: 1.02, 95% CI: 0.92—-1.14, p = 0.68; I> = 28%). Abbreviations: OR:
Odds ratio; CI: Confidence interval; SE: Standard error; IV: Inverse variance; df:

Degrees of freedom; BMI: Body mass index.
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udy or I lot Rati E_Weight IV, Random % Cl " 95% Cl

1.6.1 ISAAC criteria
Garcia-Marcos 2007 girls 0.19885086 0.14712674 2.5% 1.22[0.91, 1.63] il
Garcia-Marcos 2007 boys 0.16551444 0.12640083 3.3% 1.18[0.92, 1.51] =
Kusunoki 2008 girls 0.05826891 0.10531766  4.5% 1.06 [0.86, 1.30] N i
Kusunoki 2008 boys -0.16251893 0.07771949  7.1% 0.85[0.73, 0.99] ==
Wang 2010 0.09531018 0.14407296  2.6% 1.10[0.83, 1.46] T s
Tanaka 2011 -0.12783337 0.12500574  3.4% 0.88[0.69, 1.12] —F
Yao 2011 0.03922071 0.10243261 4.7% 1.04[0.85, 1.27] =1 e
Mitchell 2013 6~7 girls -0.07257069 0.10566296  4.4% 0.93[0.76, 1.14]
Mitchell 2013 6~7 boys 0.01980263 0.08498583 6.2% 1.02[0.86, 1.20] N
Mitchell 2013 13~14 girls -0.18632958 0.10092164  4.8% 0.83 [0.68, 1.01] R
Mitchell 2013 13~14 boys 0.06765865 0.08098322  6.7% 1.07 [0.91, 1.25] N
Weinmayr 2014 0.17395331 0.14031794  2.7% 1.19[0.90, 1.57] i1 i
Sybilski 2015 6~7 years 0.13102826 0.14360524  2.6% 1.14[0.86, 1.51] T
Sybilski 2015 13~14 years 0.14842 0.21566745 1.2% 1.16 [0.76, 1.77] i S
Subtotal (95% ClI) 56.8% 1.01 [0.95, 1.08] L 4
Heterogeneity: Tau? = 0.00; Chi® = 17.31, df = 13 (P = 0.19); I = 25%
Test for overall effect: Z=0.33 (P = 0.74)
1.6.2 Physician diagnosed
Lin 2015 0.07696104 0.02363746 19.4% 1.08 [1.03, 1.13] id
Lei 2016 girls 0.39204209 0.19880737 1.5% 1.48[1.00, 2.19]
Lei 2016 boys 0.18232156 0.16929758  2.0% 1.20[0.86, 1.67] S
Lee 2016 0.03922071 0.0317762 17.0% 1.04 [0.98, 1.11] =
Han 2016 girls -0.19845094 0.33960066 0.5% 0.82[0.42, 1.60]
Han 2016 boys -0.35667494 0.3845507  0.4% 070[0.33,149) — |
McArdle 2024 0.04879016 0.26062532  0.9% 1.05[0.63, 1.75] — 1
Lee 2025 0.33647224 0.1858658 1.6% 1.40[0.97, 2.02] 1
Subtotal (95% Cl) 43.2% 1.07 [1.02, 1.13] *
Heterogeneity: Tau” = 0.00; Chi* = 8.00, df =7 (P = 0.33); I’ = 13%
Test for overall effect: Z = 2.75 (P = 0.006)
Total (95% CI) 100.0% 1.04 [0.99, 1.09] ’

4

Heterogeneity: Tau? = 0.00; Chi? = 28.80, df = 21 (P = 0.12); I? = 27%
Test for overall effect: Z=1.60 (P = 0.11)
Test for subaroup differences: Chi#= 1.90. df = 1 (P = 0.17). I = 47.3%

B Odds Ratio Odds Ratio
—Study or Subgroup _____log[Odds Ratio] ___ SE Weight IV, Random, 95% CI 1V, 95% Cl

1.71NOS =7
Sidell 2013 0.0861777 0.11396601 3.6% 1.09[0.87, 1.36] Nl
Weinmayr 2014 0.17395331 0.14031794  2.5% 1.19[0.90, 1.57] n=
Sybilski 2015 6~7 years 0.13102826 0.14360524  2.4% 1.14[0.86, 1.51] M=
Sybilski 2015 13~14 years 0.14842 0.21566745 1.1% 1.16[0.76, 1.77] N P
McArdle 2024 0.04879016 0.26062532 0.8% 1.05[0.63, 1.75] S
Lee 2025 0.33647224 0.1858658 1.5% 1.40[0.97, 2.02] e, %=
Subtotal (95% CI) 12.0% 1.16 [1.02, 1.31] >
Heterogeneity: Tau* = 0.00; Chi* = 1.52,df =5 (P = 0.91); P=0%
Test for overall effect: Z=2.28 (P = 0.02)
1.7.2NOS=8
Yao 2011 0.03922071 0.10243261 4.4% 1.04 [0.85, 1.27] o
Mitchell 2013 6~7 girls -0.07257069 0.10566296 4.1% 0.93[0.76, 1.14]
Mitchell 2013 6~7 boys 0.01980263 0.08498583 5.9% 1.02[0.86, 1.20] o i
Mitchell 2013 13~14 girls -0.18632958 0.10092164  4.5% 0.83[0.68, 1.01] b
Mitchell 2013 13~14 boys 0.06765865 0.08098322  6.3% 1.07 [0.91, 1.25] S il
Lei 2016 girls 0.39204209 0.19880737 1.3% 1.48[1.00, 2.19]
Lei 2016 boys 0.18232156 0.16929758 1.8% 1.20[0.86, 1.67] ==
Lee 2016 0.03922071 0.0317762 17.2% 1.04 [0.98, 1.11] o
Subtotal (95% Cl) 45.4% 1.02 [0.95, 1.10] >
Heterogeneity: Tau? = 0.00; Chi* = 9.98, df =7 (P = 0.19); I?= 30%
Test for overall effect: Z=0.64 (P = 0.52)
1.7.3NOS =9
Garcia-Marcos 2007 girls 0.19885086 0.14712674  2.3% 1.22[0.91, 1.63] Tl
Garcia-Marcos 2007 boys 0.16551444 0.12640083  3.0% 1.18[0.92, 1.51] s
Kusunoki 2008 girls 0.05826891 0.10531766  4.2% 1.06 [0.86, 1.30] T
Kusunoki 2008 boys -0.16251893 0.07771949  6.7% 0.85[0.73, 0.99] 7
Wang 2010 0.09531018 0.14407296 2.4% 1.10 [0.83, 1.46] =l
Tanaka 2011 -0.12783337 0.12500574 3.1% 0.88[0.69, 1.12] i
Lin 2015 0.07696104 0.02363746 19.9% 1.08 [1.03, 1.13] b
Han 2016 girls -0.19845094 0.33960066 0.5% 0.82[0.42, 1.60]
Han 2016 boys -0.35667494  0.3845507 0.4% 070[0.33,149) — |
Subtotal (95% Cl) 42.5% 1.02[0.93,1.12] L 2
Heterogeneity: Tau? = 0.01; Chi? = 14.34, df = 8 (P = 0.07); I = 44%
Test for overall effect: Z=0.42 (P = 0.68)
Total (95% CI) 100.0% 1.04[1.00, 1.09] .

Heterogeneity: Tau? = 0.00; Chi* = 28.90, df = 22 (P = 0.15); I* = 24%
Test for overall effect: Z=1.76 (P = 0.08)
Test for subaroup differences: Chi* = 3.09. df = 2 (P = 0.21). I =35.3%

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:
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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).
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