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Abstract

Background: Delivery mode can influence infant microbial diversity, cause immune dysregulation, and potentially increase the
risk of allergic rhinitis (AR).

Methodology: A systematic review and meta-analysis were performed to assess the association between distinct modes of deli-
very and the development of AR in childhood and adulthood. The primary comparison was vaginal (VD) versus cesarean delivery
(CD). Secondary comparisons were specified CD (elective, emergency) versus specified VD (spontaneous, abnormal) and non-
microbiota-exposed versus microbiota-exposed deliveries. The outcomes were subsequent risks of AR presenting as odd ratios
and 95% confidence intervals.

Results: Thirty-seven studies were analyzed. Compared to VD, CD, and its specified modes were associated with higher subse-
quent risks of AR in the population under age 18. The quality of evidence supporting these effects is rated as very low to low follo-
wing GRADE. Spontaneous VD was associated with lower AR risk compared to CD, but there was no significant difference between
abnormal VD and CD. The distinction between non-microbiota-exposed and microbiota-exposed deliveries did not affect AR risk
significantly.

Conclusions: The estimated odds ratios demonstrated a positive association between cesarean section and AR up to 18 years of
age. A comprehensive categorization of delivery mode is necessary to interpret the existing evidence thoroughly.
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Introduction

The incidence of allergic rhinitis (AR), one of the most common
inflammatory diseases, has risen over the last decades ™. This
rapid surge sparks an interest in exploring the key drivers that
contribute to the onset of AR @. Environmental factors may
reduce childhood exposure to microorganisms, leading to aber-
rant microbial metacommunity in early life . These changes
may raise susceptibility to inflammatory diseases and increase
the likelihood of such conditions. During the perinatal period,

a child encounters microbial dispersal events from the mother
through delivery, skin-to-skin contact, and breastfeeding, which
could influence immunological development 9.

Increasing evidence suggests that pregnancy-related factors
play a significant role in the development of allergic diseases in
children . Lately, there has been a growing focus on the biolo-
gical and physiological effects of delivery mode on the child ©.
However, studies with the same interest showed inconsistent
results regarding the association between mode of delivery and
subsequent AR later in life ©*9. The heterogeneity in the clas-
sification of cesarean delivery (CD) or confounders (e.g., parental
allergy '®, maternal age ©, prematurity ®, intrapartum antibi-
otic “9, prolonged breastfeeding ®'#”), socioeconomic factors)
may influence the conclusion. Additionally, factors such as labor
conditions or the presence of premature rupture of the mem-
brane (PROM) can shift the gut flora of newborns, potentially
affecting their health development (5364048 None of the current
meta-analyses have a detailed categorization to assess the effect
of each delivery mode separately. Moreover, no evidence of
delivery mode exists on the development of AR in adults “*5",
To date, there has been a notable increase in both developed
and developing countries, reaching an estimated CD rate of
21.1% in 2015 253, Hence, it is plausible to revisit the correlation
between high CD rates, alternative childbirth delivery options,
and the increased incidence of AR. This systematic review aimed
to evaluate the relationship between various delivery modes
and the development of AR in both children and adults.

Materials and methods

Literature search and study selection

The study protocol was registered on PROSPERO
(CRD42021256627). The conduct and reporting of this sys-
tematic review adhered to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) %, Systematic
searches were performed in PubMed MEDLINE, EMBASE, Web of
Science, and Cochrane CENTRAL databases from inception until
3 December 2023. Manual searches were also performed for ad-
ditional relevant studies from the reference list of the included
studies. The search strategy is displayed in Table S1.

Eligibility criteria and study selection process
We included human observational studies (cross-sectional, case-
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control, birth cohort) assessing the association between mode
of delivery and the risk of AR later in life. AR could be defined as
physician-diagnosed AR, parent- or self-reported AR, recorded
indication for AR on the healthcare databases, or clinical AR
with confirmed specific IgE tests. Methods of childbirth were
categorized as vaginal (VD) and cesarean delivery. Specified CDs
were defined as 1) elective CD and 2) emergency CD. Specified
VDs were defined as 1) spontaneous VD and 2) abnormal VD
(using assisted maneuvers or instruments). Additionally, we
provided a second classification of delivery mode based on

the likelihood of exposure to maternal vaginal microbiota as
follows: 1) non-microbiota-exposed delivery and 2) microbiota-
exposed delivery. Microbiota-exposed delivery refers to VD or
CD with PROM in which the membrane ruptures more than 10
minutes before delivery ©7. There was no age limit for reporting
outcomes or language restriction. Studies assessing different
allergic outcomes were included if data from AR were able to be
extracted separately. At least two authors individually screened
retrieved titles, abstracts, and full texts. Discrepancies during the
study selection process were resolved by discussion with the
corresponding author until reaching a consensus.

Data extraction

Two authors independently extracted the data from the eligible
studies into a predefined Excel spreadsheet. In the case of in-
complete data, the corresponding author of that study was con-
tacted for further supporting information. In the case of several
reports of the same data (published articles, post-hoc analysis,
abstracts), data were extracted from all sources and presented
as one piece of research. Discrepancies during the extraction
processes were resolved by discussion with the corresponding
author until a consensus was reached.

Quality of the included studies

Two authors individually assessed risk of bias in the included
studies using the Newcastle-Ottawa scale (NOS). Discrepancies
during the risk of bias assessment were resolved by discussion
with the corresponding author until reaching a consensus. The
NOS provided three domains, including selection, comparability,
and outcome. The maximal score of NOS for cohort or case-con-
trol studies and cross-sectional studies is nine and six, respecti-
vely. The quality of included studies was categorized using NOS
score as follows: high-quality (score 8 to 9), medium-quality
(score 5 to 7), and low-quality (score 0 to 4). We used The Gra-
ding of Recommendations, Assessment and Evaluation (GRADE)
system to rate the certainty of evidence with four judgments:
high, moderate, low, and very low ©%. The observational studies
started with a low rating until there was a compelling reason for
modifying the rating upward ©9,
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Figure 1. PRISMA flow chart.

Outcome measures and data analysis

The outcomes were the risks of developing AR later in life. Risk
data were summarized as odds ratios (ORs) with 95% confidence
intervals (Cls). The comparisons were as follows: 1) CD vs.VD; 2)
elective CD vs.VD; 3) emergency CD vs. VD; 4) CD vs. spontane-
ous VD; 5) CD vs. abnormal VD; 6) abnormal VD vs. spontaneous
VD; and 7) non-microbiota-exposed delivery vs. microbiota-ex-
posed delivery. In the case of a lack of prevalence, we extracted
the reported ORs when available in the included studies. Where
both unadjusted OR and adjusted OR were presented, data after
adjusting the confounders were pooled into the meta-analysis.
If the OR and 95% Cl were not provided in the manuscript,

data extraction was carried out using figures when available. In
the case of multiple time points of the outcome, the relevant
estimate for the oldest age of outcome was selected. Data from
studies reporting the risks of developing AR as risk ratio (RR) or
hazard ratio (HR) were converted into OR before pooling into
meta-analysis following the recommended formula ¢7:

1) OR=RRor HR

if the prevalence of AR is <15% by the end of the follow-up.

1-0.5VAR
2OR=RR2or OR ~ | ———
|
1-0.5VHR
or if the prevalence of AR is >15% by the end of the follow-up.

Rhinology Vol 63, No 1, February 2025

Where a quantitative synthesis was carried out, the outcome
discrepancy among different studies was assessed by calcula-
ting the I? test. An 12 of <50% and >50% represented low and
high heterogeneity. A fixed-effect model was used when the
heterogeneity was low. A random-effects model was used if
the heterogeneity was high, and all studies were not functio-
nally equivalent. Galbraith plots were performed to assess the
heterogeneity and detect potential outliners. Funnel plots with
Egger's test were performed to measure small-study effects for
quantitative syntheses of at least ten studies. All statistical as-
sessments were conducted using Stata 18.0 (StataCorp, College
Station, TX, USA).

Subgroup analysis and meta-regression

We explored the heterogeneities through the analyses of pre-
specified subgroups as follows:

1) Study design: birth cohort, cross-sectional, and case-control.
A birth cohort was defined as a study following up children from
birth that enrolled mothers during pregnancy.

2) Regions: Asia, Europe, Africa, North America, South America,
Australia.

3) Age of reporting AR outcome: <5 years, >5 years, and mixed
age ¥,

4) Definition of AR: self-reported AR, physician-diagnosed AR,
records on health-related databases, and clinical symptoms with
specific IgE tests.

5) Exclusion of prematurity: yes versus no. Prematurity was
defined as preterm birth (<37 weeks gestational age) “® and/or
low-birth-weight newborns (<2000 to 2500 grams) .

6) Available OR: adjusted OR versus unadjusted OR.

7) Proportion of CD among all deliveries: <15% versus >15% ©3.
We performed the meta-regression with proportion of CD, year
of birth, year of publication, the number of potential confoun-
ders in the model analysis, and sample size as the continuous
moderators.

Sensitivity analysis

Sensitivity analyses were the repeats of primary analysis by per-
forming: 1) the meta-analysis excluding studies with the poten-
tial source of heterogeneity 2) the meta-analysis that included
only those with high and medium quality; 3) the meta-analysis
that included only those with high quality; 4) the meta-analysis
that included only those with the general population; 5) the
meta-analysis that included only those with sample size >5000;
6) the meta-analysis that included only those having retention
rate (for cohort studies) or responder rate (cross-sectional or
case-control studies) >70%; 7) the meta-analysis that included
only those having satisfactory adjustment for confounders (any
five of maternal age, prematurity, birth order, parental allergy,
smoking during pregnancy, socioeconomic factors, and dura-
tion of breastfeeding); 8) the meta-analysis that included only
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Table 1. Characteristics of the 37 included studies.

First author, Study Country CD (%) Assessment of AR Assessment Age at AR at
Year, " design of atopy follow-up follow-up
(years) (%)
Montgomery, 2000 © BC UK 5519 3.1 Questionnaire (diagnosis at 16 years of age) No 16-26 29.6
Nafstad, 2000 BC Sweden 2,531 1.3 Questionnaire (physicians' diagnosis and symptoms <12 months) No 4 5.5
Xu, 2001 ™ BC Finland 1,953 53 Questionnaire (diagnosis) Yes 31 18
McKeever, 2002 (12 BC UK 24,690 17 Hospital database (ICD-8, physicians' diagnosis, and medication) No <9.5 4
Bager, 2003 ¥ BC Denmark 9,722 5.1 Interview (physicians' diagnosis) No 20-28 14
Negele, 2004 4 BC Germany 2,500 174 Questionnaire (physicians' diagnosis and symptoms <6 months) Yes 2 32
Renz-Polster, 2005 (1% BC USA 7,872 16.3 Hospital database (physicians' diagnosis) No 3-10 127
Salam, 2006 (9 BC USA 3,228 20.7 Questionnaire (diagnosis) No 8-17 17.3
Mallen, 2008 (7 cS UK 567 7.8 Hospital database (physicians' diagnosis) No 18-25 85
Pistiner, 2008 "® BC USA 432 236 Interview (physicians' diagnosis and symptoms <12 months) Yes 9 18.5
Park, 2010 CcS Korea 279 374 ARIA guideline Yes <16 28.7
Penaranda, 2012 @V (& Colombia 3,256 NA Parent-reported ISAAC questionnaire (symptoms <12 months) No 6-7 30.8
Pyrhonen, 2013 22 BC Finland 2,546 173 Questionnaire (diagnosis) Yes 1-4 32
Grabenhenrich, BC Germany 1,314 185 ISAAC (symptoms <12 months) and specific serum IgE test Yes 20 221
2015
Li, 2015 * cs China 20,803 1.7 ISAAC (diagnosis <12 months) No 5-13 9.8
Brandao, 2016 2 cS Brazil 672 48 ISAAC (symptoms <12 months) No 6 235
Cuppari, 2016 29 cS Italy 917 50.6 Physicians' diagnosis following ARIA guideline Yes 3-15 10.3
Chu, 2017 @9 CcS China 12,046 47 Questionnaire (diagnosis and symptoms) No 5-12 153
Lee, 2017 @728 BC Taiwan 756 26 Questionnaire (physicians' diagnosis and symptoms <6 months) and Yes 6 356
specific serum IgE test
Loo, 2017 BC Singapore 1,077 30.6 Questionnaire (diagnosis) Yes 5 39.7
Gerlich, 2017 @ BC Germany 801 9.6 Questionnaire (physicians' diagnosis and symptoms <12 months) Yes 19-24 26.1
Krzych-Falta, 2018 ¢ (& Poland 3,613 28 ECRHS, ISAAC, and ARIA guideline Yes 6-44 23.1
Han, 2019 1 (& Korea 1,296 38 Rhinitis symptoms and skin prick test Yes 4-12 77
Lin, 2019 62 BC Taiwan 628,878 34 Hospital database (ICD-9 code for three ambulatory visits or ICD-9 code No 6 12.5
for one hospital admission) and INCS prescription
Yu, 2019 63 CS China 149,726 41 Questionnaire (physicians' diagnosis) No 6-17 4.08
Gorris, 2020 &9 cS Ecuador 189 38.6 ISAAC (physicians' diagnosis and symptoms) No 3-12 NA
Lu, 2020 &% BC Taiwan 1,344 36 ISAAC and ARIA guideline (physicians' diagnosis and symptoms <12 Yes 6 59
months)
Mitselou, 2020 ©9 BC Sweden 1,059,600 16.1 Hospital database (ICD-10) No 0.2-13 2.11
Richards, 2020 ©7 BC USA 40,332 27 Hospital database (2 ICD-9 or 10 codes with >1-month interval, or No 10 9.2

11CD-9 or 10 code and 2 INCS or antihistamine prescriptions with
>1-month interval)

Ali, 2021 “0 BC Denmark 522 19.7 Questionnaire (diagnosis) No 4-12 13
Gabryszewski, 2021 % BC USA 121,577 35 Hospital database (2 ICD-9 or 10 codes with =6-month interval) Yes >5 17.1
Hu, 2021 “V cS China 10,464 59.6 ISAAC (physicians' diagnosis) No 6-11 22.7
Meza-Lopez, 2021 &% cS Mexico 1,003 44.2 ISAAC (physicians' diagnosis and symptoms) No 5-6 4.1
Sigurdardottir, 2021 “? BC Multi- 5,572 239 ISAAC (physicians' diagnosis and symptoms <12 months) No 6-10 133
countries
Choi, 2023 43 (&) Korea 1,446 329 ISAAC (physicians' diagnosis and symptoms) No 9-12 17
Liu, 2023 @4 CcC China 460 58 Physicians' diagnosis + Serum specfic IgE Yes 3-18 50
Wang, 2023 “9 cC China 2,020 48.4 ISAAC (physicians' diagnosis and symptoms) No 3-5 20

BC, birth cohort; CS, cross-sectional study; CC, case-control study; CD, cesarean delivery; AR, allergic rhinitis; ICD, International Classification of Diseases;
ISAAC, The International Study of Asthma and Allergies in Childhood Questionnaires; ECRHS, The European Community Respiratory Health Survey;

ARIA, Allergic Rhinitis and its Impact on Asthma; INCS, intranasal corticosteroids sprays.
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Table 2. Certainty of the evidence (GRADE) of risk of allergic and mode of delivery.

Comparisons Stu- Riskof Inconsistency Indirectness Imprecision Publica- Effect size Quality
dies bias tion bias OR (95%
(n) (d)}
CD vs.VD 37 Certain . Jcfous - Noserious — Noserious . o oin 5135087 115 o
inconsistency indirectness  imprecision (1.11,1.21) Very Low
Elective CD vs.VD 4 Uncertain . A sgrlous .No. serious .No ser!qus Uncertain 1,000,842 115 e
inconsistency indirectness  imprecision (1.04, 1.26) Low
. No serious No serious No serious . 1.13 ++--
Sy oD < gzl inconsistency indirectness  imprecision sl B (1.07,1.19) Low
CD vs. spontaneous VD 4 Uneertain oerous SRS Nosenous EUNOISEHOUS B i neertain 663,340 109 s
inconsistency indirectness  imprecision (1.01, 1.19) Low
CD vs. spontaneous VD 4 Uncertain . A sgnous 'No. serious .NO ser!qus Uncertain 663,340 U0 e
inconsistency indirectness imprecision (1.01, 1.19) Low
CD vs. abnormal VD 2 Uncertain o se?rlous .No. serious .No ser!qus Uncertain 7,290 0.96 e
inconsistency indirectness  imprecision (0.79, 1.18) Low
Abnormal VD vs. spon- . No serious No serious No serious . 1.10 SR
taneous VD 3 LSy inconsistency indirectness  imprecision Lacsha 30407 (0.94,1.28) Low
g)?n;:;ﬁrvosbﬁ:i;obiota- 3 Uncertain Sl NDECETE SEftells Uncertain 24,614 2 tee
P N inconsistency indirectness  imprecision ! (0.88,1.77) Very Low

exposed delivery

CD, cesarean delivery; VD, vaginal delivery; OR, odds ration; Cl, confidence interval.

studies with age of outcome =18 years; 9) the meta-analysis that
included only studies with participants were born in 2000s.

Results

Study selection

The systematic search identified 1291 studies. After removing
duplicated records and title and abstract screening, fifty-seven
studies were assessed for eligibility; 37 were included in qualita-
tive and quantitative analysis: 21 birth-cohort studies (*-1618202227-
29,32,35738,40,42)’ 14 CrOSS'SeCtiOnaI StUdieS (17,19,21,23*26,30,31,33,34,39,41,43)[

and two case-control studies “4*). Figure 1 presents the PRISMA
flowchart of study selection process.

Study characteristics

There were 2,132,087 participants included in the analysis. The
included studies were from four continents: Asia (n=830,595),
Europe (n=1,122,931), North America (173,441), and South
America (n=5120). Six studies assessed the age of outcome
under five (101422283249 A self-reported questionnaire was the
most common epidemiological tool for diagnosing AR, and it
was used in 23 Studies (9—11,13,14,16,18,21—24,26,28730,33,34,39—43,45). Physician_
diagnosed allergic rhinitis 192539, records on healthcare databa-
ses (121517.323638) and specific IgE tests %2344 were used to define
ARin 3,7, and 4 studies, respectively. Eight studies excluded
subjects with a history of prematurity (1014161825.263342) Thyjrty
studies had a CD rate of over 15% (121522242830-45 Tyenty-three
studies had regression adjustment to control the confounding
91 1,14»16,18,19,21-24,26-29,31,33-35,41-43,45). CharaCteriStiCS of the included
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studies are presented in Table 1 and Table S2.

Cesarean delivery versus vaginal delivery

Thirty-seven studies assessed the risk of AR between CD and
VD (9-45). The pooled data showed a significantly higher risk of
AR in participants born through cesarean delivery compared to
those born vaginally (OR 1.15;95% Cl 1.11, 1.21; p<0.01) (Figure
2, Figure S1). The GRADE rating was very low quality due to
high heterogeneity (1> of 51%) and a high risk of bias (Table 2).
Galbraith plot analysis indicated that five studies (1216333740 were
the potential source of heterogeneity of estimated risk of AR
(Figure S2).

Subgroup analysis

Subgroup analyses were performed to explore the plausibility
of heterogeneity. Region (p=0.01) and exclusion of prematurity
(p<0.01) were the two potential confounders. Participants born
by CD in South America had a significantly higher risk of deve-
loping AR (OR of 1.46; 95% Cl 1.22, 1.75; I? of 0%) compared to
other regions 2243439, Study populations exposed to CD without
a history of prematurity had a significantly higher risk of AR (OR
of 1.26; 95% Cl 1.17, 1.36; I? of 19%) than those having expo-
sure with CD with inclusion of preterm births or lacked clear
descriptions (OR of 1.11; 95% CI 1.07, 1.16; I?> of 36%). There was
no association in other subgroup analyses, including by study
design, age of AR outcome, definition of AR, available OR, and
proportion of CD (Figure 2, Figures S3-9).
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Cesarean Delivery vs. Vaginal Delivery Odds ratio

Study Study (n) with 95% ClI p-value
Regions i

Asia 13 —0-'— 1.12[1.05, 1.19] 0.000
Europe 15 —-—| 1.12[1.08, 1.16] 0.000
North America 5 —_—— 1.31[1.08, 1.58] 0.005
South America 4 —<——1.46[1.22, 1.75] 0.000
Test of group differences: Q,(3) = 10.66, p = 0.01 .

Study design

Case-control 2 —3—0— 1.28[1.09, 1.51] 0.003
Cohort 21 — 1.13[1.07, 1.20] 0.000
Cross-sectional 14 —L-— 1.18[1.09, 1.28] 0.000
Test of group differences: Q,(2) = 2.35, p = 0.31 .

Age of allergic rhinitis outcome

Age 0-5 years 6 — 1.12[1.07, 1.18] 0.000
Age >5 years 21 —6— 1.15[1.07, 1.24] 0.000
Mixed Age 10 + 1.19[1.10, 1.29] 0.000
Test of group differences: Q,(2) = 1.38, p = 0.50

Definition of allergic rhinitis

Self-reported allergic rhinitis 23 —— 1.19[1.11, 1.28] 0.000
Physician-diagnosed allergic rhinitis 3 ——0‘— 1.03[0.83, 1.29] 0.777
Records on health-related databases 7 —0—;— 1.12[1.05, 1.19] 0.000
Clinical symptoms with specific IgE tests 4 —.—.— 1.23[1.06, 1.43] 0.007
Test of group differences: Q,(3) = 3.47, p = 0.32 |

Exclusion of prematurity .

No 28 _._. 1.11[1.07, 1.16] 0.000
Yes 9 —0— 1.26[1.17, 1.36] 0.000
Test of group differences: Q,(1) = 8.68, p = 0.00 '

Available Odds ratio i

Unadjusted Odds ratio 14 + 1.12[1.07, 1.17] 0.000
Adjusted Odds ratio 23 —*— 1.18[1.09, 1.27] 0.000
Test of group differences: Q,(1) = 1.34, p = 0.25 .

Cesarean delivery rate

<15% 7 —— 1.08[1.00, 1.17] 0.041
>15% 30 + 1.16 [ 1.11, 1.22] 0.000
Test of group differences: Q,(1) =2.39, p = 0.12 '

Overall ‘ 1.15[ 1.11, 1.21] 0.000
Heterogeneity: 1° = 0.01, I* = 51.23%, H? = 2.05

Test of 6; = 6;: Q(36) = 73.81, p = 0.00

Random-effects DerSimonian—Laird model

175

Favors Cesarean Delivery

Figure 2. The risk of allergic rhinitis and subgroup analyses: cesarean delivery vs. vaginal delivery. AR, allergic rhinitis; OR, odds ratio.

Meta-regression

Meta-regression did not find any interaction between the

priori-defined covariates (proportion of CD, year of birth, year of

publication, the number of potential confounders in the model

analysis, and sample size) and the likelihood of AR in compa-

ring CD and VD (Figures S10-14). A funnel plot and Egger's test

with p=0.11 indicated no publication bias for the meta-analysis

(Figure S15).

Sensitivity analysis

Sensitivity analyses showed a higher likelihood of developing

AR in participants born through CD compared to those born

Rhinology Vol 63, No 1, February 2025
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Odds ratio Weight

Elective Cesarean Delivery vs. Vaginal Delivery ~
with 95% CI (%)

Study

Chu 2017 e 1.18[1.00, 1.40] 20.95
Mitselou 2020 | 1.10[1.05, 1.15] 52.41
Richards 2020 - 1.47[1.01, 1.35] 25.12
Al 2021 P 246[115,528] 153
Overall <* 1.15[1.04, 1.26]
Heterogeneity: 1° = 0.00, I* = 43.56%, H* = 1.77 3

Test of 8, = 6;: Q(3) = 5.32, p = 0.15 !

Test of 6= 0: z = 2.82, p = 0.00 i

1 2 4

Random-effects DerSimonian—Laird model Favors Elective Cesarean Delivery

Figure 3. The risk of allergic rhinitis: elective cesarean delivery vs. vaginal

delivery.
Emergency Cesarean Delivery vs. Vaginal Delivery Oddsratio  Weight
Study with 95% CI (%)
Chu 2017 - 1.27[1.07, 150] 9.56
Mitselou 2020 ] 113[1.08, 1.19] 74.37
Richards 2020 ol 1.05[0.92, 1.19] 15.68
Ali 2021 : 097042, 2.26] 0.40
Overall * 1.13[1.07, 1.19]
Heterogeneity: 7° = 0.00, I* = 7.44%, H* = 1.08 3
Test of 8, = 6: Q(3) = 3.24, p = 0.36 !
Test of 8 = 0: z = 4.47, p = 0.00 |
-
172 1 2

Random-effects DerSimonian—Laird model Favors Emergency Cesarean Delivery

Figure 4. The risk of allergic rhinitis: emergency cesarean delivery vs.

vaginal delivery.

Non-microbiota-exposed Delivery vs. Microbiota-exposed Delivery Qdds ratio Weight
Study with 95% CI (%)
Renz-Polster 2005 —B——1.78[1.34, 2.37] 34.17
Loo 2017 —a 0.90[0.57, 1.42] 25.22
Richards 2020 -+ 1.13[0.97, 1.32] 40.62
|

Overall e 1.25[0.88, 1.77]
Heterogeneity: 7* = 0.07, I = 78.70%, H’ = 4.69 i
Test of 6, = 6: Q(2) = 9.39, p = 0.01
Testof 8 =0:z=1.23,p=0.22 |

I S

1 2

Random-effects DerSimonian-Laird model

Figure 5. The risk of allergic rhinitis: non-microbiota-exposed delivery vs.

microbiota-exposed delivery.

vaginally, except for studies with age of outcome >18 years (OR
of 1.15; 95% C1 0.98, 1.36; 12 of 0%) (Table 3).

Elective cesarean delivery versus vaginal delivery

Four studies assessed the risk of AR between elective CD and VD
26363740) The pooled data showed a significantly higher risk of AR
in participants born through elective cesarean delivery compa-
red to those born vaginally (OR 1.15; 95% Cl 1.04, 1.26; p<0.01; I?
of 44%) (Figure 3). The GRADE rating was low quality (Table 2).

Emergency cesarean delivery versus vaginal delivery

Four studies assessed the risk of AR between emergency CD and
VD @6363740) The pooled data showed a significantly higher risk
of AR in participants born through emergency CD compared to
those born vaginally (OR 1.13;95% CI 1.07, 1.19; p<0.01; I of 0%)
(Figure 4). The GRADE rating was low quality (Table 2).
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Cesarean delivery versus spontaneous vaginal delivery

Four studies assessed the risk of AR between CD and spontane-
ous VD 12132932 The pooled data showed a significantly higher
risk of AR in participants born through CD compared to those
who experienced spontaneous VD (OR 1.09; 95% Cl 1.01, 1.19;
p<0.01; I> of 19%) (Figure S16). The GRADE rating was low quality
(Table 2).

Cesarean delivery versus abnormal vaginal delivery

Two studies assessed the risk of AR between CD and abnormal
VD 273 The pooled data did not show a significantly higher risk
of AR in participants born through cesarean delivery compared
to those who experienced abnormal VD (OR 0.96; 95% Cl 0.79,
1.18; p=0.72; I? of 0%) (Figure S17). The GRADE rating was low
quality (Table 2).

Abnormal vaginal delivery versus spontaneous vaginal
delivery

Three studies assessed the risk of AR between abnormal and
spontaneous VD 121329, The pooled data did not show a signifi-
cantly higher risk of AR in participants born through abnormal
VD compared to those who experienced spontaneous VD (OR
1.10; 95% Cl 0.94, 1.28; p=0.24; I? of 0%) (Figure S18). The GRADE
rating was low quality (Table 2).

Non-microbiota-exposed versus microbiota-exposed deli-
very

Three studies assessed the risk of AR between non-microbiota-
exposed and microbiota-exposed delivery 52837 The pooled
data did not show a significantly higher risk of AR in participants
having non-microbiota-exposed delivery compared to those
having microbiota-exposed delivery (OR 1.25; 95% C1 0.88, 1.77;
p=0.22; I> of 79%) (Figure 5). The GRADE rating was very low
quality due to high heterogeneity (Table 2).

Risk of bias assessment

There were 13 (35%) studies with low quality, 18 (49%) with
medium quality, and six (16%) with high quality (Tables S2-54).
The cross-sectional studies had low score in ascertainment of
exposure due to recall bias. All twenty-one cohort studies had
moderate-to-high quality.

Discussion

In the newborn, T-helper (Th)2 is the predominant phenotype
of the T cells. Following birth, infants maintain a prevalent Th2
immune response, transitioning to a balanced Th1 response by
the end of the first year. However, allergic infants have a pro-
longed Th2 skewing, and their ability to develop Th1 function

is delayed ©”. The prenatal and postnatal environment factors,
combined with aeroallergens, microbial exposure, diets, and
psychosocial influences, can affect the Th1/Th2 ratio, increasing
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Table 3. Sensitivity analyses of risk of allergic rhinitis: cesarean delivery vs. vaginal delivery.

Studies (n) Relative OR (95% Cl) P values 12 (%)
Removing 5 studies with the potential source of heterogeneity 32 1.16(1.12,1.21) <0.01 20
High- and medium-quality studies 26 1.16(1.10,1.22) <0.01 47
High-quality studies 6 1.07 (1.01,1.14) 0.03 36
Studies with general population 30 1.14(1.09, 1.20) <0.01 56
Studies with sample size >5000 13 1.12(1.07,1.18) <0.01 70
Studies with retention rate or responder rate >70% 21 1.14(1.09, 1.20) 0.01 45
Studies with satisfactory adjustment for confounders 16 1.12(1.04,1.21) <0.01 57
Studies with age of outcome >18 years 6 1.15(0.98, 1.36) 0.09 0
Participants were born in 2000s 19 1.13(1.08, 1.19) <0.01 55]

OR, odds ratio; Cl, confidence interval.

the risk of atopy in early life ®”. Infants receive one of their initial
microbial exposures during delivery ©. Therefore, delivery mode
may present a challenge in a critical phase of developing the
immune system of newborns. Recent findings indicate that
babies born via CD often exhibit decreased levels of natural kil-
ler (NK) cells and diminished interleukin (IL)-12 production while
having elevated levels of IL-13 and interferon (IFN)-y ?*, Mode
of delivery can shape the acquisition and structure of the initial
gut microbiota in newborns ©". Growing evidence highlights
differences in gut microbiota between infants born vaginally
and those delivered via CD, attributable to distinct transfers of
maternal microbiomes during childbirth ©2%4, Although delivery
mode may impact the microbiomes and immune system deve-
lopment, its relationships with the subsequent allergic condi-
tions have been inconsistent. Cesarean section predisposes to
the development of asthma and food allergy but not atopic
dermatitis in childhood “#*6566),

This systematic review and meta-analysis showed the associa-
tion between the CD and the likelihood of developing AR later
in life. Interestingly, our pooled data had lower OR with lower
heterogeneity than recent meta-analyses with the same interest
6051 A significantly larger number of included studies and a
greater balance regarding the weight of individual effect size
may be a plausible reason for the difference. The incidence of
AR continues steadily until the age of five, at which point there
is a noticeable increase. On the contrary, some children affected
by the atopic march may experience symptoms persisting over
several years, while for others, these symptoms may resolve as
they get older ©”. Hence, we aim to examine whether there are
any subgroup variations in the onset of AR between the ages of
<5 years and >5 years. Consequently, an increasing trend of AR
related to CD was observed in both groups without significant
differences. However, the studies assessing the incidence of AR
after 18 years of age unsuccessfully showed the relationship
between CD and AR according to the sensitivity analysis, sug-

gesting that long-term follow-up cohorts should be conducted
to prove the impact of CD (Table 3).

Many genetic and environmental factors and study settings may
drive the effect of CD on the risk of AR “?, leading to non-trivial
heterogeneity of our result. Subgroup analyses revealed two
potential confounders, including region and exclusion of prema-
turity. South American continent had the highest OR compared
to other regions; however, the results should be interpreted
with caution since all studies in this region have cross-sectional
designs @1243439 Prematurity, represented by low birthweight
and being born before full term, along with an underdeveloped
gastrointestinal tract or immune system, could increase the like-
lihood of allergic diseases ??. On the contrary, studies limited to
full-term births demonstrated a notably higher likelihood of AR
associated with CD compared to those including preterm births
or lacked clear descriptions. The variations in how prematurity is
defined across different studies and settings create challenges
for the conclusion, indicating the need for additional investiga-
tion. The number of potential covariates in the regression model
analysis did not significantly affect the likelihood of AR risk
related to CD (Figure 1, Table 3, Figure S13). Although nume-
rous theories attempt to link atopic disease risk with intricate
lifestyle and socioeconomic factors that directly or indirectly
interfere with microbial exposure 9, it remains challenging to
consolidate all these aspects into a single formula for universal
assessment.

Recent studies assessing the relationship between the delivery
mode and AR susceptibility show a higher incidence of AR com-
pared to publications in the 2000s (Table 1). Unlike expectation,
the rate of CD was not proportionally related to the likelihood
of AR (Figures S9-10). Again, this finding was confirmed by the
meta-regressions in which continuous variables (year of birth,
year of publication) were considered potential covariates (Figu-
res S11-12). Our evidence suggested that CD increases the risk
of AR, with its positive effect staying consistent over time.
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It has been argued that certain CD occurs after the rupture of
the protective amniotic membranes, which permits the ascent
of maternal vaginal microflora into the amniotic fluid . In
cases of CD with PROM, mother-to-child microbial transmission
happens during the intrauterine period. Consequently, the gut
flora of infants in CD with PROM is comparable to that in VD.
Irrespective of the microbial-transfer hypothesis, the current
finding indicated a null association with AR when comparing
deliveries exposed and not exposed to maternal microbiota
(Figure 5, Table 2). Therefore, it seems that the sole influence of
delivery mode on microbial diversity is inadequately accounta-
ble for allergic conditions in offspring.

Compared to VD, elective and emergency CDs in our study were
statistically significantly associated with a higher risk of AR.This
effect was also observed when comparing CD to spontaneous
VD overall. Stress experienced during pregnancy may impact
health development, potentially affecting the development

of allergic diseases . Moreover, prenatal stress appears to be
linked to elevated rates of both elective and emergency CDs 7.
Abnormal VD, including assisted birth types, exhibits higher
levels of stress hormones for both mother and child compared
to regular spontaneous VD or CD V. Despite the absence of
increased AR risks following abnormal VD compared to sponta-
neous VD or CD in our results, the pooled data were limited by
a modest number of studies and participants, highlighting the
need for further research in this area.

A strength of our study was that the large number of studies
and participants allowed us to elaborate on the thorough
analysis of different delivery modes excluded in previous meta-
analyses. Only one previous meta-analysis assessed the effect
of elective and emergency CD compared to VD on the risk of
AR in children ©%. Qur study is the first meta-analysis providing
stringent definitions of delivery mode while also scrutinizing
their impacts separately. Definition of vaginal delivery lac-

ked information to determine perinatal microbiota-exposed
conditions across studies. Many research investigations relied
on parent-reported AR status assessed through questionnaires,
with some using the validated International Study of Asthma
and Allergies in Childhood questionnaire. Although subgroup
analysis based on the definition of AR revealed no significant
difference in the probability of AR development across studies
using various subjective and objective diagnostic methods,

the physician-diagnosed AR group failed to show a positive
relationship between CD and AR. Given that this group is likely
one of the most reliable groups regarding AR definition, more
detailed investigations are needed. We also assessed the impact

References

1. Asher MI, Montefort S, Bjorksten B, et al.
Worldwide time trends in the prevalence
of symptoms of asthma, allergic rhinocon-

Rhinology Vol 63, No 1, February 2025

junctivitis, and eczema in childhood: ISAAC 2.
Phases One and Three repeat multicoun-
try cross-sectional surveys. Lancet. 2006;
368(9537): 733-743.

of delivery modes on the risks of developing AR at different ages
and time points up to 44 years, along with the GRADE approach
to rate the quality of evidence. Sensitivity analyses by removing
medium- and low-quality studies did not alter the outcome,
suggesting the uncertain risk of bias.

The limitation of our study was the inconsistency in methodo-
logy that impacted and influenced the quality of evidence. The
discrepancy of methodology in study design may cause bias
and inconsistent conclusions. Furthermore, the definition of
microbiota-exposed delivery was not regularly used in asses-
sing events of VD and CD, toning down the quality of evidence.
We suggest that a rigorous assessment of maternal microbiota
exposure during delivery, long-term follow-up, and specific cate-
gorization of delivery mode should be applied in future studies.

Conclusion

Overall, most estimated odd ratios were consistent with a posi-
tive association between cesarean delivery and allergic rhinitis
in childhood. Early-life environmental exposures that affect
microbial colonization may influence the risk of allergic rhinitis.
Further studies focusing on non-microbiota-exposed versus
microbiota-exposed delivery are needed.

Acknowledgement

Presented at: 29th Congress of European Rhinologic Society;
18-22 June 2023 in Sofia, Bulgaria. 97th ICORL 2023; 23-25 April
2023 in Goyang, Korea.

Authors' contributions

MPH: study design, search, study selection, data collection, data
analysis, drafting the article, and final approval. KSe: search,
study selection, data collection, revising the article, and final ap-
proval. JS: data collection, revising the article, and final approval.
WC: data collection, revising the article, and final approval. KSn:
conception, study design, data analysis, drafting the article, and
final approval.

Funding
This research project is supported by the Second Century Fund
(C2F), Chulalongkorn University.

Conflicts of interest

Kornkiat Snidvongs has served on the speaker’s bureau for
Organon and Menarini. All other authors declare no conflicts of
interest.

Reynolds LA, Finlay BB. Early life factors
that affect allergy development. Nat Rev
Immunol. 2017; 17(8): 518-528.

3. Strachan DP. Hay fever, hygiene, and house-



hold size. BMJ. 1989; 299(6710): 1259-1260.
Okada H, Kuhn C, Feillet H, Bach JF. The
'hygiene hypothesis' for autoimmune
and allergic diseases: an update. Clin Exp
Immunol. 2010; 160(1): 1-9.

Walter J, O'Mahony L. The importance of
social networks-An ecological and evolu-
tionary framework to explain the role of
microbes in the aetiology of allergy and
asthma. Allergy. 2019; 74(11): 2248-2251.
Haahtela T. A biodiversity hypothesis.
Allergy. 2019; 74(8): 1445-1456.

Prescott SL. Allergic disease: understanding
how in utero events set the scene. Proc
Nutr Soc. 2010; 69(3): 366-372.

Munyaka PM, Khafipour E, Ghia JE. External
influence of early childhood establishment
of gut microbiota and subsequent health
implications. Front Pediatr. 2014; 2: 109.
Montgomery SM, Wakefield AJ, Morris DL,
Pounder RE, Murch SH. The initial care of
newborn infants and subsequent hay fever.
Allergy. 2000; 55(10): 916-922.

. Nafstad P, Magnus P, Jaakkola JJ. Risk of

childhood asthma and allergic rhinitis in
relation to pregnancy complications. J
Allergy Clin Immunol. 2000; 106(5): 867-873.

. Xu B, Pekkanen J, Hartikainen AL, Jarvelin

MR. Caesarean section and risk of asthma
and allergy in adulthood. J Allergy Clin
Immunol. 2001; 107(4): 732-733.

. McKeever TM, Lewis SA, Smith C, Hubbard

R. Mode of delivery and risk of develop-
ing allergic disease. J Allergy Clin Immunol.
2002; 109(5): 800-802.

. Bager P, Melbye M, Rostgaard K, Benn CS,

Westergaard T. Mode of delivery and risk of
allergic rhinitis and asthma. J Allergy Clin
Immunol. 2003; 111(1): 51-56.

. Negele K, Heinrich J, Borte M, et al. Mode of

delivery and development of atopic disease
during the first 2 years of life. Pediatr Allergy
Immunol. 2004; 15(1): 48-54.

. Renz-Polster H, David MR, Buist AS, et al.

Caesarean section delivery and the risk of
allergic disorders in childhood. Clin Exp
Allergy. 2005; 35(11): 1466-1472.

. Salam MT, Margolis HG, McConnell R,

McGregor JA, Avol EL, Gilliland FD. Mode of
delivery is associated with asthma and aller-
gy occurrences in children. Ann Epidemiol.
2006; 16(5): 341-346.

. Mallen CD, Mottram S, Wynne-Jones G,

Thomas E. Birth-related exposures and asth-
ma and allergy in adulthood: a population-
based cross-sectional study of young adults
in North Staffordshire. J Asthma. 2008; 45(4):
309-312.

. Pistiner M, Gold DR, Abdulkerim H, Hoffman

E, Celedon JC. Birth by cesarean section,
allergic rhinitis, and allergic sensitization
among children with a parental history of
atopy. J Allergy Clin Immunol. 2008; 122(2):
274-279.

. Park YH, Kim KW, Choi BS, Jee HM, Sohn

MH, Kim KE. Relationship between mode
of delivery in childbirth and prevalence of
allergic diseases in Korean children. Allergy
Asthma Immunol Res. 2010; 2(1): 28-33.

20.

22.

23.

25.

26.

27.

28.

30.

3.

32.

33

Grabenhenrich LB, Keil T, Reich A, et al.
Prediction and prevention of allergic rhi-
nitis: A birth cohort study of 20 years. J
Allergy Clin Immunol. 2015; 136(4): 932-940
e912.

. Penaranda A, Aristizabal G, Garcia E,

Vasquez C, Rodriguez-Martinez CE, Satizabal
CL. Allergic rhinitis and associated factors
in schoolchildren from Bogota, Colombia.
Rhinology. 2012; 50(2): 122-128.

Pyrhonen K, Nayha S, Hiltunen L, Laara E.
Caesarean section and allergic manifesta-
tions: insufficient evidence of association
found in population-based study of chil-
dren aged 1 to 4 years. Acta Paediatr. 2013;
102(10): 982-989.

LiY, Jiang Y, Li S, Shen X, Liu J, Jiang F. Pre-
and postnatal risk factors in relation to aller-
gic rhinitis in school-aged children in China.
PLoS One. 2015; 10(2): e0114022.

. Brandao HV, Vieira GO, de Oliveira Vieira T, et

al. Increased risk of allergic rhinitis among
children delivered by cesarean section:
a cross-sectional study nested in a birth
cohort. BMC Pediatr. 2016; 16(1): 57.
Cuppari C, Manti S, Salpietro A, et al. Mode
of delivery and atopic phenotypes: Old
questions new insights? A retrospective
study. Immunobiology. 2016; 221(12): 1418-
1423.

Chu S, Zhang Y, Jiang Y, et al. Cesarean sec-
tion without medical indication and risks of
childhood allergic disorder, attenuated by
breastfeeding. Sci Rep. 2017; 7(1): 9762.

Lee MT, Wu CC, Ou CY, et al. A prospective
birth cohort study of different risk factors
for development of allergic diseases in off-
spring of non-atopic parents. Oncotarget.
2017, 8(7): 10858-10870.

Loo EXL, Sim JZT, Loy SL, et al. Associations
between caesarean delivery and allergic
outcomes: Results from the GUSTO study.
Ann Allergy Asthma Immunol. 2017; 118(5):
636-638.

. Gerlich J, Benecke N, Peters-Weist AS, et al.

Pregnancy and perinatal conditions and
atopic disease prevalence in childhood and
adulthood. Allergy. 2018; 73(5): 1064-1074.
Krzych-Falta E, Furmanczyk K, Lisiecka-
Bielanowicz M, et al. The effect of selected
risk factors, including the mode of deliv-
ery, on the development of allergic rhinitis
and bronchial asthma. Postepy Dermatol
Alergol. 2018; 35(3): 267-273.

Han DH, Shin JM, An S, et al. Long-term
Breastfeeding in the Prevention of Allergic
Rhinitis: Allergic Rhinitis Cohort Study
for Kids (ARCO-Kids Study). Clin Exp
Otorhinolaryngol. 2019; 12(3): 301-307.

Lin CH, Wang JL, Chen HH, Hsu JY, Chao WC.
Shared prenatal impacts among childhood
asthma, allergic rhinitis and atopic der-
matitis: a population-based study. Allergy
Asthma Clin Immunol. 2019; 15(1): 52.

Yu B, Dai L, Chen J, et al. Prenatal and
neonatal factors involved in the devel-
opment of childhood allergic diseases in
Guangzhou primary and middle school stu-
dents. BMC Pediatr. 2019; 19(1): 479.

11

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Mode of delivery and allergic rhinitis

Gorris A, Bustamante G, Mayer KA, Kinaciyan
T, Zlabinger GJ. Cesarean section and risk
of allergies in Ecuadorian children: A cross-
sectional study. Immun Inflamm Dis. 2020;
8(4): 763-773.

Lu HY, Chiu CW, Kao PH, et al. Association
between maternal age at delivery and aller-
gic rhinitis in schoolchildren: A population-
based study. World Allergy Organ J. 2020;
13(6): 100127.

Mitselou N, Hallberg J, Stephansson O,
Almaqvist C, Melen E, Ludvigsson JF. Adverse
pregnancy outcomes and risk of later aller-
gic rhinitis-Nationwide Swedish cohort
study. Pediatr Allergy Immunol. 2020; 31(5):
471-479.

Richards M, Ferber J, Li DK, Darrow LA.
Cesarean delivery and the risk of allergic
rhinitis in children. Ann Allergy Asthma
Immunol. 2020; 125(3): 280-286 e285.
Gabryszewski SJ, Dudley J, Grundmeier RW,
Hill DA. Early-life environmental exposures
associate with individual and cumulative
allergic morbidity. Pediatr Allergy Immunol.
2021;32(5): 1089-1093.

Meza-Lopez C, Bedolla-Barajas M, Morales-
Romero J, Jimenez-Carrillo CE, Bedolla-
Pulido TR, Santos-Valencia EA. Prevalence
of allergic diseases and their symptoms
in schoolchildren according to the birth
mode. Bol Med Hosp Infant Mex. 2021;
78(2): 130-135Asthma.

Ali Z, Thomsen SF, Ulrik CS. Predictors of
atopic disease in children of women with
asthma. Pediatr Allergy Immunol. 2021;
32(6): 1369-1373.

HuY, ChenY, Liu S, et al. Breastfeeding dura-
tion modified the effects of neonatal and
familial risk factors on childhood asthma
and allergy: a population-based study.
Respir Res. 2021; 22(1): 41.

Sigurdardottir ST, Jonasson K, Clausen M,
et al. Prevalence and early-life risk factors
of school-age allergic multimorbidity: The
EuroPrevall-iFAAM birth cohort. Allergy.
2021; 76(9): 2855-2865.

Choi EJ, Song KB, Baek EY, et al. Combined
effect of hygienic and polygenic risk scores
in children with allergic rhinitis. Asian
Pac J Allergy Immunol. 2023 Jul 16. doi:
10.12932/AP-070123-1524.

Liu YL, Huo YT, Pan XF, et al. Allergen detec-
tion and logistic multifactor analysis of
allergic rhinitis. Eur Rev Med Pharmacol Sci.
2023; 27(7): 2751-2758.

Wang T, Shi H, Qi H, et al. Parental, ges-
tational, and early-life exposure to indoor
environmental hazardous factors on aller-
gic rhinitis among preschool children in
Urumgi City: a case-control study. J Pediatr
(Rio J). 2023; 99(4): 348-354.

Alm B, Goksor E, Pettersson R, et al.
Antibiotics in the first week of life is a risk
factor for allergic rhinitis at school age.
Pediatr Allergy Immunol. 2014; 25(5): 468-
472.

Hoang MP, Samuthpongtorn J,
Seresirikachorn K, Snidvongs K. Prolonged
breastfeeding and protective effects

Rhinology Vol 63, No 1, February 2025



Hoang et al.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

against the development of allergic rhini-
tis: a systematic review and meta-analysis.
Rhinology. 2022; 60(2): 82-91.

Pyrhonen K, Kulmala P. Delivery mode
and the incidence of atopic sensitization
and food allergy in a Finnish child popula-
tion. Pediatr Allergy Immunol. 2022; 33(1):
e13584.

Bager P, Wohlfahrt J, Westergaard T.
Caesarean delivery and risk of atopy and
allergic disease: meta-analyses. Clin Exp
Allergy. 2008; 38(4): 634-642.

Liu Z, Xie L, Liu X, et al. Cesarean section
and the risk of allergic rhinitis in children:
a systematic review and meta-analysis. Sci
Rep. 2023; 13(1): 18361.

He X, Zhang S, Wu J, Fu Q, Zhang Q, Peng
W. The global/local (limited to some
regions) effect of cesarean delivery on the
risk of pediatric allergic rhinitis: a system-
atic review and meta-analysis. Front Pediatr.
2023; 11:1228737.

Boerma T, Ronsmans C, Melesse DY, et al.
Global epidemiology of use of and dispari-
ties in caesarean sections. Lancet. 2018;
392(10155): 1341-1348.

Betran AP, Torloni MR, Zhang JJ, Gilmezoglu
AM; WHO Working Group on Caesarean
Section. WHO Statement on Caesarean
Section Rates. BJOG. 2016;123(5):667-670.
Page MJ, McKenzie JE, Bossuyt PM, et al. The
PRISMA 2020 statement: an updated guide-
line for reporting systematic reviews. BMJ.
2021;372:n71.

Guyatt G, Oxman AD, Akl EA, et al. GRADE
guidelines: 1. Introduction-GRADE evidence
profiles and summary of findings tables. J
Clin Epidemiol. 2011; 64(4): 383-394.
Schunemann HJ, Cuello C, Akl EA, et al.
GRADE guidelines: 18. How ROBINS-I and
other tools to assess risk of bias in nonran-
domized studies should be used to rate
the certainty of a body of evidence. J Clin
Epidemiol. 2019; 111: 105-114.
VanderWeele TJ, Ding P. Sensitivity Analysis

Minh P. Hoang'??, Kachorn Seresirikachorn'?, Jompol Samuthpongtorn’,

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

in Observational Research: Introducing the
E-Value. Ann Intern Med. 2017; 167(4): 268-
274.

Goldenberg RL, Culhane JF, lams JD,
Romero R. Epidemiology and causes of pre-
term birth. Lancet. 2008; 371(9606): 75-84.
WHO, UNICEF. Survive and thrive: transform-
ing care for every small and sick newborn:
key findings. World Health Organization:
2018.

Prescott SL, Noakes PS. Maternal smoking
in pregnancy: do the effects on innate (toll-
like receptor) function have implications
for subsequent allergic disease? Allergy
Asthma Clin Immunol. 2007; 3(1): 10-18.
Dominguez-Bello MG, Costello EK,
Contreras M, et al. Delivery mode shapes
the acquisition and structure of the initial
microbiota across multiple body habitats in
newborns. Proc Natl Acad Sci U S A. 2010;
107(26): 11971-11975.

Shao Y, Forster SC, Tsaliki E, et al. Stunted
microbiota and opportunistic pathogen
colonization in caesarean-section birth.
Nature. 2019; 574(7776): 117-121.

Arrieta MC, Stiemsma LT, Dimitriu PA, et
al. Early infancy microbial and metabolic
alterations affect risk of childhood asthma.
SciTransl Med. 2015; 7(307): 307ra152.
Fujimura KE, Sitarik AR, Havstad S, et al.
Neonatal gut microbiota associates with
childhood multisensitized atopy and T cell
differentiation. Nat Med. 2016; 22(10): 1187-
1191.

Darabi B, Rahmati S, HafeziAhmadi MR,
Badfar G, Azami M. The association
between caesarean section and childhood
asthma: an updated systematic review
and meta-analysis. Allergy Asthma Clin
Immunol. 2019; 15: 62.

Richards M, Ferber J, Chen H, et al.
Caesarean delivery and the risk of atop-
ic dermatitis in children. Clin Exp Allergy.
2020; 50(7): 805-814.

Davidson WF, Leung DYM, Beck LA, et

Wirach Chitsuthipakorn*®, Kornkiat Snidvongs'?

'Department of Otolaryngology, Faculty of Medicine, Chulalongkorn University, Bangkok, Thailand

? Endoscopic Nasal and Sinus Surgery Excellence Center, King Chulalongkorn Memorial Hospital, Bangkok, Thailand

3 Department of Otolaryngology, Hue University of Medicine and Pharmacy, Hue University, Hue, Vietnam

4 Center of Excellence in Otolaryngology-Head & Neck Surgery, Rajavithi Hospital, Bangkok, Thailand

° Department of Otolaryngology, College of Medicine, Rangsit University, Bangkok, Thailand

68.

69.

70.

This manuscript contains online supplementary material

Rhinology Vol 63, No 1, February 2025

12

al. Report from the National Institute of

Allergy and Infectious Diseases workshop

on "Atopic dermatitis and the atopic march:

Mechanisms and interventions”. J Allergy

Clin Immunol. 2019; 143(3): 894-913.

Scudellari M. News Feature: Cleaning up the

hygiene hypothesis. Proc Natl Acad Sci U S

A.2017; 114(7): 1433-1436.

Chang HY, Suh DI, Yang SI, et al. Prenatal

maternal distress affects atopic dermatitis

in offspring mediated by oxidative stress. J

Allergy Clin Immunol. 2016; 138(2): 468-475

e465.

Martini J, Knappe S, Beesdo-Baum K, Lieb R,

Wittchen HU. Anxiety disorders before birth

and self-perceived distress during pregnan-

cy: associations with maternal depression
and obstetric, neonatal and early childhood

outcomes. Early Hum Dev. 2010; 86(5): 305-

310.

. Marucci M, Cinnella G, Perchiazzi G, Brienza
N, Fiore T. Patient-requested neuraxial anal-
gesia for labor: impact on rates of cesar-
ean and instrumental vaginal delivery.
Anesthesiology. 2007; 106(5): 1035-1045.

Kornkiat Snidvongs
Department of Otolaryngology
Faculty of Medicine
Chulalongkorn University

1873 Rama 4 Road

Pathumwan

Bangkok 10330

Thailand

Tel: (+66) 2-256-4103
Fax: (+66) 2-252-7787
E-mail: drkornkiat@yahoo.com

Rhinology 63: 1,2 - 12,2025
https://doi.org/10.4193/Rhin24.262

Received for publication:
June 15, 2024
Accepted: September 19, 2024

Assocociate Editor:

Ahmad Sedaghat



Mode of delivery and allergic rhinitis

SUPPLEMENTARY MATERIAL

Cesarean Delivery vs. Vaginal Delivery Oads ratio  Weight

Study with 95% Cl (%)
Montgomery 2000 ——ﬂ— 1.21[0.84, 1.74] 1.23
Nafstad 2000 ——D— 1.20[0.69, 2.08] 0.58
Xu 2001 e 1.28[0.73, 2.24] 0.56
McKeever 2002 —n— 0.93[0.78, 1.11] 3.71
Bager 2003 ——r:1— 1.16[0.91, 1.48] 2.34
Negele 2004 ———D— 1.40[0.80, 2.44] 0.57
Renz[/Polster 2005 —a— 1.37[1.15, 1.64] 3.65
Salam 2006 —o— 1.57[1.24, 1.99] 249
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Lu 2020 —n 0.92[0.71, 1.19] 2.24
Mitselou 2020 1.12[1.08, 1.16] 9.09
Richards 2020 - § 1.03[0.96, 1.10] 7.82
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Hu 2021 o 1.00[0.91, 1.10] 6.42
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Sigurdardottir 2021 — 1.05[0.86, 1.28] 3.27
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Figure S1. Risk of allergic rhinitis: cesarean delivery vs. vaginal delivery
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Galbraith plot: Cesarean Delivery vs. Vaginal Delivery
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Figure S2. Galbraith plot analysis indicated that four studies were the potential source of heterogeneity of estimated risk of allergic rhinitis: cesarean

delivery vs. vaginal delivery
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Mode of delivery and allergic rhinitis

Cesarean Delivery vs. Vaginal Delivery Oddsratio  Weight
Study with 95% ClI (%)
Asia
Park 2010 R —— 1.14[0.61, 2.12] 047
Li 2015 o 1.07[0.98, 1.17] 6.97
Chu 2017 —a— 1.18[1.00, 1.40] 3.93
Lee 2017 — o 1.04[0.69, 1.56] 1.02
Loo 2017 — ol 0.90[0.57, 1.42] 0.82
Han 2019 —o— 1.26[0.94, 1.68] 1.82
Lin 2019 a 1.12[1.07, 1.18] 8.61
Yu 2019 | 1.25[1.18, 1.32] 8.34
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Montgomery 2000 — 1.21[0.84, 1.74] 1.23
Nafstad 2000 _—— 1.20[0.69, 2.08] 0.58
Xu 2001 —_— 1.28[0.73, 2.24] 0.56
McKeever 2002 o 0.93[0.78, 1.11] 3.71
Bager 2003 —a— 1.16[0.91, 1.48] 2.34
Negele 2004 ——————  140[0.80, 2.44] 057
Mallen 2008 1.24[0.50, 3.07] 0.22
Pyrhonen 2013 _ 0.90[0.49, 1.66] 0.48
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Cuppati 2016 B — 1.32[0.86, 2.03] 0.92
Gerlich 2018 —_— 0.70[0.39, 1.26] 0.51
Krzych-Falta 2018 —o— 1.20[1.01, 1.43] 3.78
Mitselou 2020 - | 1.12[1.08, 1.16] 9.09
Ali 2021 j 1.75[0.98, 3.13] 0.53
Sigurdardottir 2021 —o— 1.05[0.86, 1.28] 3.27
Heterogeneity: 7° = 0.00, I = 0.00%, H = 1.00 0 1.12[1.08, 1.16]
Testof 6= 0:z = 6.66, p = 0.00 1
North America .
Renz!Polster 2005 —a— 1.37[1.15, 1.64] 3.65
Salam 2006 —a— 1.57[1.24, 1.99] 2.49
Pistiner 2008 e 180[1.02, 317] 055
Richards 2020 a 1.03[0.96, 1.10] 7.82
Gabryszewski 2021 -v-ﬂ— 1.27[1.10, 1.46] 4.76
Heterogeneity: 1° = 0.03, I = 83.48%, H’ = 6.05 ‘ 1.31[1.08, 1.58]
Testof 6 =0:z=2.80,p =0.01 :
South America
Penaranda 2012 —o— 1.40[1.13, 1.74] 2.81
Brandao 2016 ———s——— 1.86[1.18, 2.93] 0.83
Gorris 2020 ——————— 1.41[0.65, 3.07] 0.30
Meza-Lopez 2021 — e 139[078 248] 053
Heterogeneity: ° = 0.00, I = 0.00%, H = 1.00 ‘ 1.46[1.22, 1.75]
Testof 6 =0:z=4.13, p = 0.00
Overall ' 1.15[1.11, 1.21]
Heterogeneity: 1° = 0.01, I = 51.23%, H’ = 2.05
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Testof 8 =0:z=6.51, p =0.00
Test of group differences: Q,(3) = 10.66, p = 0.01 '
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Figure S3. Risk of allergic rhinitis and subgroup by study design: cesarean delivery vs. vaginal delivery
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. . . Odds ratio Weight
Cesarean Delivery vs. Vaginal Delivery 9

Study with 95% CI (%)
Age 0-5 Years )

Nafstad 2000 S N 1.20[0.69, 2.08] 0.58
Negele 2004 — 1.40[0.80, 2.44] 0.57

|

Pyrhonen 2013 —_—r 0.90[0.49, 1.66] 0.48
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Yu 2019 a 1.25[1.18, 1.32] 8.34
Lu 2020 —o— 0.92[0.71, 1.19] 224
Richards 2020 II‘ 1.03[0.96, 1.10] 7.82
Hu 2021 k- 1.00[0.91, 1.10] 6.42
Meza-Lopez 2021 e 1.39[0.78, 2.48] 0.53
Sigurdardottir 2021 —— 1.05[0.86, 1.28] 3.27
Choi 2023 —a— 0.97[0.72, 1.32] 1.68
Heterogeneity: 1° = 0.01, I’ = 62.85%, H® = 2.69 ‘ 1.15[1.07, 1.24]
Testof 6 =0:z=3.82, p=0.00

Mixed Age

McKeever 2002 —o— 0.93[0.78, 1.11] 3.71
Renz! Polster 2005 + 1.37[1.15, 1.64] 3.65
Park 2010 —_—— 1.14[0.61, 2.12] 0.47
Krzych-Falta 2018 —a— 1.20[1.01, 1.43] 3.78
Han 2019 T 1.26[0.94, 1.68] 1.82
Gorris 2020 ——————————— 1.41[0.65, 3.07] 0.30
Mitselou 2020 a 1.12[1.08, 1.16] 9.09
Ali 2021 — 1.75[0.98, 3.13] 0.53
Gabryszewski 2021 o 1.27[1.10, 1.46] 4.76
Liu 2023 —o— 1.27[1.02, 1.58] 2.72
Heterogeneity: T = 0.01, I* = 45.05%, H = 1.82 ’ 1.19[1.10, 1.29]

Testof 6 =0:z=4.17,p=0.00
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Figure S4. Risk of allergic rhinitis and subgroup by affluence of country: cesarean delivery vs. vaginal delivery
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Xu 2001 — 1.28[0.73, 2.24] 0.56
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Salam 2006 —a— 157 [1.24, 1.99] 2.49
Mallen 2008 - 1.24[0.50, 3.07] 0.22
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Grabenhenrich 2015 ———D— 1.26[0.84, 1.88] 1.03
Li 2015 o 1.07[0.98, 1.17] 6.97
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Cuppari 2016 —_ 1.32[0.86, 2.03] 0.92
Chu 2017 - 1.18[1.00, 1.40] 3.93
Lee 2017 —e— 1.04[0.69, 1.56] 1.02
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Yu 2019 a 1.25[1.18, 1.32] 8.34
Lu 2020 —o— 0.92[0.71, 1.19] 2.24
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Park 2010 —_— 1141061, 2.12] 0.47
Krzych-Falta 2018 —a— 1.20[1.01, 1.43] 3.78
Han 2019 4o 1.26[0.94, 1.68] 1.82
Gorris 2020 ——————————— 1.41[065, 3.07] 0.30
Mitselou 2020 a 1.12[1.08, 1.16] 9.09
Ali 2021 ; 1.75[0.98, 3.13] 0.53
Gabryszewski 2021 o 1.27[1.10, 1.46] 4.76
Liu 2023 —o— 1.27[1.02, 1.58] 2.72
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Figure S5. Risk of allergic rhinitis and subgroup by age of outcome: cesarean delivery vs. vaginal delivery
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Cesarean Delivery vs. Vaginal Delivery Odds ratio  Weight

Study with 95% ClI (%)
Self-reported AR

Montgomery 2000 ——:n— 1.21[0.84, 1.74] 1.23
Nafstad 2000 _— 1.20[0.69, 2.08] 0.58
Xu 2001 _— e 1.28[0.73, 2.24] 0.56
Bager 2003 —o— 1.16[0.91, 1.48] 2.34
Negele 2004 —r—s———  140[080, 2.44] 057
Salam 2006 L—o— 157 [1.24, 1.99] 2.49
Pistiner 2008 e 180[1.02 3.47] 055
Penaranda 2012 —o— 1.40[1.13, 1.74] 2.81
Pyrhonen 2013 —_—— 0.90[0.49, 1.66] 0.48
Li2015 - 4 1.07[0.98, 1.17] 6.97
Brandao 2016 1.86[1.18, 2.93] 0.83
Chu 2017 . 1.18[1.00, 1.40] 3.93
Loo 2017 —_—a 0.90[0.57, 1.42] 0.82
Gerlich 2018 _— 0.70[0.39, 1.26] 0.51
Krzych-Falta 2018 - 1.20[1.01, 1.43] 3.78
Yu 2019 o 125[1.18, 1.32] 8.34
Gorris 2020 —_— 1.41[0.65, 3.07] 0.30
Ali 2021 — 1.75[0.98, 3.13] 0.53
Hu 2021 Y 1.00[0.91, 1.10] 6.42
Meza-Lopez 2021 — e 1.39[0.78, 2.48] 0.53
Sigurdardottir 2021 —— 1.05[0.86, 1.28] 3.27
Choi 2023 —a— 0.97[0.72, 1.32] 1.68
Wang 2023 —o— 1.30[1.02, 1.66] 2.38
Heterogeneity: 7° = 0.01, I’ = 51.04%, H” = 2.04 ‘ 1.19[1.11, 1.28]
Testof 8= 0:2=4.77,p = 0.00

Physician-diagnosed AR

Park 2010 _— 1.14[0.61, 2.12] 047
Cuppati 2016 ——— 1.32[0.86, 2.03] 0.92
Lu 2020 —o 0.92[0.71, 1.19] 224
Heterogeneity: 1° = 0.00, I” = 6.62%, H = 1.07 ‘ 1.03[0.83, 1.29]
Testof 6=0:z=0.28,p=0.78

Records on health-related databases

McKeever 2002 —o- 0.93[0.78, 1.11] 3.71
Renz! Polster 2005 —a— 1.37[1.15, 1.64] 3.65
Mallen 2008 1.24[0.50, 3.07] 0.22
Lin 2019 - | 1.12[1.07, 1.18] 8.61
Mitselou 2020 - | 1.12[1.08, 1.16] 9.09
Richards 2020 [ - § 1.03[0.96, 1.10] 7.82
Gabryszewski 2021 —ﬂ— 1.27[1.10, 1.46] 4.76
Heterogeneity: 1° = 0.00, I” = 66.13%, H* = 2.95 ‘ 1.12[1.05, 1.19]

Test of 8 = 0: 2 = 3.65, p = 0.00

Clinical symptoms and specific IgE tests

Grabenhenrich 2015 ——v-ﬂ— 1.26[0.84, 1.88] 1.03
Lee 2017 — o 1.04[0.69, 1.56] 1.02
Han 2019 o 1.26[0.94, 1.68] 1.82
Liu 2023 —o— 127[1.02, 1.58] 2.72
Heterogeneity: 1° = 0.00, I* = 0.00%, H’ = 1.00 ’ 1.23[1.06, 1.43]
Testof®=0:z2=2.71,p=0.01

Overall . 1.45[1.11, 1.21]
Heterogeneity: 1° = 0.01, I = 51.23%, H* = 2.05 |

Test of 6 = 8;: Q(36) = 73.81, p = 0.00

Testof 8 =0:2 =651, p=0.00

Test of group differences: Q,(3) = 3.47, p = 0.32
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Figure S6. Risk of allergic rhinitis and subgroup by definition of AR: cesarean delivery vs. vaginal delivery
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Mode of delivery and allergic rhinitis

Cesarean Delivery vs. Vaginal Delivery Odds ratio  Weight
Study with 95% CI (%)

No exclusion of prematurity

Montgomery 2000 —Ta— 1.21[0.84, 1.74] 1.23
Xu 2001 _ 1.28[0.73, 2.24] 0.56
McKeever 2002 o 0.93[0.78, 1.11] 3.71
Bager 2003 o 1.16[0.91, 1.48] 2.34
Mallen 2008 1.24[0.50, 3.07] 0.22
Park 2010 _ 1.14[0.61, 2.12] 0.47
Penaranda 2012 tg— 140[1.13, 1.74] 281
Pyrhonen 2013 _— 0.90[0.49, 1.66] 0.48
Grabenhenrich 2015 ——e-D— 1.26[0.84, 1.88] 1.03
Li 2015 o 1.07[0.98, 1.17] 6.97
Brandao 2016 1.86[1.18, 2.93] 0.83
Lee 2017 — b 1.04[0.69, 1.56] 1.02
Loo 2017 —_ 0.90[0.57, 1.42] 0.82
Gerlich 2018 —— 0.70[0.39, 1.26] 0.51
Krzych-Falta 2018 1.20[1.01, 1.43] 3.78
Han 2019 Lo 1.26[0.94, 1.68] 1.82
Lin 2019 - | 1.12[1.07, 1.18] 8.61
Gorris 2020 1.41[0.65, 3.07] 0.30
Lu 2020 —0— 0.92[0.71, 1.19] 2.24
Mitselou 2020 - 1.12[1.08, 1.16] 9.09
Richards 2020 a 1.03[0.96, 1.10] 7.82
Ali 2021 — 1.75[0.98, 3.13] 0.53
Gabryszewski 2021 L 1.27[1.10, 1.46] 4.76
Hu 2021 -II-E 1.00[0.91, 1.10] 6.42
Meza-Lopez 2021 — e 139[0.78, 2.48] 0.53
Choi 2023 —a— 0.97[0.72, 1.32] 1.68
Liu 2023 —a— 1.27[1.02, 1.58] 2.72
Wang 2023 —o— 1.30[1.02, 1.66] 2.38
Heterogeneity: T° = 0.00, I* = 35.54%, H’ = 1.55 Q 1.11[1.07, 1.16]
Testof 8 =0:z = 5.00, p = 0.00

Exclusion of prematurity

Nafstad 2000 —_—— 1.20[0.69, 2.08] 0.58
Negele 2004 —————=———  1.40[0.80, 2.44] 0.57
Renz1Polster 2005 —ﬂ— 1.37[1.15, 1.64] 3.65
Salam 2006 —a— 1.57[1.24, 1.99] 2.49
Pistiner 2008 ————————1.80[1.02, 3.17] 055
Cuppari 2016 — 1.32[0.86, 2.03] 0.92
Chu 2017 —— 1.18[1.00, 1.40] 3.93
Yu 2019 o 1.25[1.18, 1.32] 8.34
Sigurdardottir 2021 —o— 1.05[0.86, 1.28] 3.27
Heterogeneity: 7° = 0.00, I° = 19.24%, H’ = 1.24 ‘ 1.26 [ 1.17, 1.36]
Testof 8 =0:z=6.23, p=0.00

Overall ‘ 115 1.1, 1.21]
Heterogeneity: 1° = 0.01, I = 51.23%, H’ = 2.05 X

Test of 8 = 8;: Q(36) = 73.81, p = 0.00

Testof 8 =0:z=6.51, p = 0.00 E

Test of group differences: Q,(1) = 8.68, p = 0.00
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Figure S7. Risk of allergic rhinitis and subgroup by exclusion of prematurity: cesarean delivery vs. vaginal delivery
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Study Cesarean Delivery vs. Vaginal Delivery w(i)tid:;zh& W(eo/'eg)ht
Unadjusted Odds ratio

Nafstad 2000 S 1.20[0.69, 2.08] 0.58
McKeever 2002 —o— 0.93[0.78, 1.11] 3.71
Bager 2003 4o 1.16[0.91, 1.48] 2.34
Mallen 2008 1.24[0.50, 3.07] 0.22
Grabenhenrich 2015 ——— 1.26[0.84, 1.88] 1.03
Cuppari 2016 — 1.32[0.86, 2.03] 0.92
Krzych-Falta 2018 - 1.20[1.01, 1.43] 3.78
Lin 2019 -] 1.12[1.07, 1.18] 8.61
Mitselou 2020 - | 1.12[1.08, 1.16] 9.09
Richards 2020 - § 1.03[0.96, 1.10] 7.82
Ali 2021 — 1.75[0.98, 3.13] 0.53
Gabryszewski 2021 0 1.27[1.10, 1.46] 4.76
Meza-Lopez 2021 ——————  1.39[0.78, 2.48] 053
Liu 2023 —— 1.27[1.02, 1.58] 2.72
Heterogeneity: 7 = 0.00, I* = 30.18%, H’ = 1.43 ‘ 1.12[1.07, 1.17]
Testof 6=0:z=5.12, p =0.00

Adjusted Odds ratio

Montgomery 2000 ——'D— 1.21[0.84, 1.74] 1.23
Xu 2001 —_— 1.28[0.73, 2.24] 0.56
Negele 2004 —rT—e———  140[0.80, 244] 057
Renz(IPolster 2005 o 1.37[1.15, 1.64] 3.65
Salam 2006 —a— 1.57[1.24, 1.99] 2.49
Pistiner 2008 ————o————1.80[1.02, 3.17] 055
Park 2010 —_— 1.14[0.61, 2.12] 0.47
Penaranda 2012 +—o— 1.40[1.13, 1.74] 2.81
Pyrhonen 2013 —D——‘— 0.90[0.49, 1.66] 0.48
Li 2015 o 1.07[0.98, 1.17] 6.97
Brandao 2016 : 1.86[1.18, 2.93] 0.83
Chu 2017 1.18[1.00, 1.40] 3.93
Lee 2017 1.04[0.69, 1.56] 1.02
Loo 2017 0.90[0.57, 1.42] 0.82
Gerlich 2018 0.70[0.39, 1.26] 0.51
Han 2019 1.26[0.94, 1.68] 1.82
Yu 2019 1.25[1.18, 1.32] 8.34
Gorris 2020 1.41[0.65, 3.07] 0.30
Lu 2020 0.92[0.71, 1.19] 2.24
Hu 2021 1.00[0.91, 1.10] 6.42
Sigurdardottir 2021 1.05[0.86, 1.28] 3.27
Choi 2023 0.97[0.72, 1.32] 1.68
Wang 2023 1.30[1.02, 1.66] 2.38
Heterogeneity: 7° = 0.01, I* = 55.74%, H* = 2.26 1.18[1.09, 1.27]
Testof 6 =0:z=4.37,p =0.00

Overall 1.15[1.11, 1.21]

Heterogeneity: 7° = 0.01, I = 51.23%, H> = 2.05
Test of 6 = 6;; Q(36) = 73.81, p = 0.00
Testof 6 =0:z=6.51,p=0.00

Test of group differences: Q,(1) = 1.34, p = 0.25

Random-effects DerSimonian—Laird model

Favors Cesarean Delivery

Figure S8. Risk of allergic rhinitis and subgroup by available OR: cesarean delivery vs. vaginal delivery
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Mode of delivery and allergic rhinitis

Cesarean Delivery vs. Vaginal Delivery Odds ratio  Weight

Study with 95% ClI (%)
Proportion of cesarean delivery < 15%

Montgomery 2000 ——ﬂ— 1.21[0.84, 1.74] 1.23
Nafstad 2000 —_— 1.20[0.69, 2.08] 0.58
Xu 2001 S 1.28[0.73, 2.24] 0.56
Bager 2003 4o — 1.16[0.91, 1.48] 2.34
Mallen 2008 1.24[0.50, 3.07] 0.22
Li 2015 o 3 1.07[0.98, 1.17] 6.97
Gerlich 2018 _— 0.70[0.39, 1.26] 0.51
Heterogeneity: T° = 0.00, I = 0.00%, H’ = 1.00 . 1.081.00, 1.17]
Testof @=0:z=2.04, p=0.04

Proportion of cesarean delivery > 15%

McKeever 2002 —o- 0.93[0.78, 1.11] 3.71
Negele 2004 ——+——=———  1.40[0.80, 2.44] 0.57
Renz IPolster 2005 Lo 1.37[1.15, 1.64] 3.65
Salam 2006 ' —o— 1.57[1.24, 1.99] 2.49
Pistiner 2008 ————————1.80[1.02, 3.17] 055
Park 2010 _ 1.14[0.61, 2.12] 0.47
Penaranda 2012 - 140[1.13, 1.74] 2.81
Pyrhonen 2013 _ ol 0.90[0.49, 1.66] 0.48
Grabenhenrich 2015 ——— 1.26[0.84, 1.88] 1.03
Brandao 2016 ———o—— 1.86[1.18, 2.93] 0.83
Cuppari 2016 S 1.32[0.86, 2.03] 0.92
Chu 2017 - 1.18[1.00, 1.40] 3.93
Lee 2017 — o 1.04[0.69, 1.56] 1.02
Loo 2017 —e 0.90[0.57, 1.42] 0.82
Krzych-Falta 2018 1.20[1.01, 1.43] 3.78
Han 2019 T 1.26[0.94, 1.68] 1.82
Lin 2019 - | 1.12[1.07, 1.18] 8.61
Yu 2019 a 1.25[1.18, 1.32] 8.34
Gorris 2020 — 1.41[0.65, 3.07] 0.30
Lu 2020 —o 0.92[0.71, 1.19] 2.24
Mitselou 2020 -] 1.12[1.08, 1.16] 9.09
Richards 2020 II} 1.03[0.96, 1.10] 7.82
Ali 2021 : ———1.75[0.98, 3.13] 0.53
Gabryszewski 2021 o 1.27[1.10, 1.46] 4.76
Hu 2021 o 1.00[0.91, 1.10] 6.42
Meza-Lopez 2021 ———————  1.39[0.78, 2.48] 0.53
Sigurdardottir 2021 —B 1.05[0.86, 1.28] 3.27
Choi 2023 —a— 0.97[0.72, 1.32] 1.68
Liu 2023 i 1.27[1.02, 1.58) 2.72
Wang 2023 —o— 1.30[1.02, 1.66] 2.38
Heterogeneity: T = 0.01, I” = 58.00%, H* = 2.38 ‘ 1.16 [ 1.11, 1.22]
Testof 8=0:z=6.19, p = 0.00

Overall 0 1.15[1.11, 1.21]
Heterogeneity: 1° = 0.01, I” = 51.23%, H* = 2.05 1

Test of 8 = 6 Q(36) = 73.81, p = 0.00

Testof 8 = 0: 2= 6.51, p = 0.00

Test of group differences: Q,(1) =2.39, p = 0.12 .

112 1 2

Favors Cesarean Delivery

Random-effects DerSimonian—Laird model

Figure S9. Risk of allergic rhinitis and subgroup by proportion of cesarean delivery: cesarean delivery vs. vaginal delivery
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Cesarean Delivery vs. Vaginal Delivery
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Figure S10. Bubble plot with random-effects meta-regression line of the log odds ratio of risk of AR: cesarean delivery vs. vaginal delivery and propor-

tion of Cesarean delivery
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Figure S11. Bubble plot with random-effects meta-regression line of the

log odds ratio of risk of AR: cesarean delivery vs. vaginal delivery and

participants’year of birth.
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Figure S12. Bubble plot with random-effects meta-regression line of the
log odds ratio of risk of AR: cesarean delivery vs. vaginal delivery and

year of publication.
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Figure S13. Bubble plot with random-effects meta-regression line of the

log odds ratio of risk of AR: cesarean delivery vs. vaginal delivery and

number of adjusted potential confounders
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Funnel plot: Cesarean Delivery vs. Vaginal Delivery
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Figure S15. Funnel plot with the log odds ratio of risk of AR: cesarean delivery vs. vaginal delivery

Cesarean Delivery vs. Spontaneous Vaginal Delivery (?dds ratio Weight
Study with 95% CI (%)
McKeever 2002 —LAI— 1.01[0.85, 1.21] 17.99
Bager 2003 —+— 1.16[0.90, 1.49] 9.79
Gerlich 2017 : 0.70[0.39, 1.26] 1.96
Lin 2019 - 1.12[1.07, 1.18] 70.26
Overall ‘Q 1.09[1.01, 1.19]

Heterogeneity: 7° = 0.00, I = 18.77%, H* = 1.23 |
Test of 8 = 8; Q(3) = 3.69, p = 0.30 |
Testof 8 = 0:z = 2.09, p = 0.04 i

1/2 1

Figure S16. The risk of allergic rhinitis: ceserean delivery vs. spongtaneous vaginal delivery

Rhinology Vol 63, No 1, February 2025

X1



Ceresean Delivery vs. Abnormal Vaginal Delivery

Mode of delivery and allergic rhinitis

Odds ratio Weight

Study with 95% ClI (%)
McKeever 2002 0.90[0.69, 1.18] 58.18
Bager 2003 — 1.06 [0.77, 1.45] 41.82
Overall e 0.96[0.79, 1.18]

Heterogeneity: 1° = 0.00, I” = 0.00%, H* = 1.00
Test of 6= 6;: Q(1) = 0.60, p = 0.44
Testof 6 =0:z=-0.35p=0.72

Random-effects DerSimonian—Laird model

Figure S17.The risk of allergic rhinitis: cesarean delivery vs. abnormal vaginal delivery

Abnormal Vaginal Delivery vs. Spontaneous Vaginal Delivery

Study

Odds ratio Weight
with 95% ClI (%)

;
McKeever 2002 —i—
Bager 2003 —a—

1.04[0.83, 1.31] 44.58
1.11[0.89, 1.38] 48.26

Gerlich 2017 ‘ o

Overall -
Heterogeneity: 1° = 0.00, I* = 0.00%, H = 1.00
Testof 6= 6;: Q(2) = 0.93, p = 0.63

Testof 6=0:z=1.18,p=0.24

1.40[0.79, 2.47] 7.15
1.10 [ 0.94, 1.28]

Random-effects DerSimonian—Laird model

Figure S18.The risk of allergic rhinitis: abnormal vaginal delivery vs. spontaneous vaginal delivery
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Table S1. Search strategy.

PubMed MEDLINE (269) EMBASE (633)

#1 “delivery, obstetric” [Mesh] #1 exp delivery, obstetric/

#2 “cesarean section” [ Mesh] #2 exp cesarean section/

#3 “cesarean section*” [All Fields] #3 cesarean section*.mp.

#4 “delivery abdominal” [All Fields] #4 delivery abdominal.mp.

#5 “abdominal deliver*” [All Fields] #5 abdominal deliver*.mp.

#6“C section*” [All Fields] #6 C section*.mp.

#7 “postcesarean section” [All Fields] #7 postcesarean section.mp.

#8 #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 #810R20OR30OR40R50R60R7

#9 “delivery” [All Fields] #9 delivery.mp.

#10“birth” [All Fields] #10 birth.mp.

#11 “perinatal” [All Fields] #11 perinatal.mp.

#12 “obstetric complications” [All Fields] #12 obstetric complications.mp. or exp Obstetric Labor Complications/
#13 “pregnancy complications” [All Fields] #13 pregnancy complications.mp. or exp Pregnancy Complications/
#14 #10 OR#11 OR#12 OR #13 #14#10OR#11 OR#12 OR#13

#15 #9 AND #14 #15 #9 AND #14

#16 #15 NOT #8 #16 #15 NOT #8

#17 "Rhinitis, Allergic, Seasonal” [Mesh] #17 exp Rhinitis, Allergic, Seasonal/

#18 “Rhinitis, Allergic, Perennial” [Mesh] #18 exp Rhinitis, Allergic, Perennial/

#19“Allergic rhinitis” [All fields] #19 exp Rhinitis, Allergic/

#20“Hay fever” [All fields] #20 Hay fever.mp.

#21 "Allergic rhinoconjunctivitis” [All fields] #21 conjunctivitis, allergic/ or allergic rhinoconjunctivitis.mp.
#22 "Atopic disease*” [All fields] #22 allergic disease*.mp.

#23"Allergic disease*” [All fields] #23 atopic disease*.mp.

#24 #17 OR#18 OR #19 OR #20 OR #21 OR #22 OR #23 #24 #17 OR #18 OR #19 OR #20 OR #21 OR #22 OR #23

#25 #8 AND #24 #25 #8 AND #24

#26 #16 AND 24 #26 #16 AND #24

#27 #25 OR #26 #27 #25 OR #26

Web of Science (268), CENTRAL (4)

#1 TS= ("allergic rhinitis" OR "hay fever" OR "allergic disease" OR "atopic disease" OR "allergic rhinoconjunctivitis")
#2 TS= ("cesarean section" OR "C section*" OR "cesarean delivery" OR "mode of delivery" OR "abdominal delivery")
#3 TS= ("delivery" AND ("birth" OR "perinatal" OR "obstetric complications" OR "pregnancy complications"))

#4 #3 NOT #2

#5 #1 AND #2

#6 #1 AND #4

#7 #5 OR #6

Rhinology Vol 63, No 1, February 2025
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Table S2. Characteristics of the included studies and relative estimates of measure effect.
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Table S2 continued. Characteristics of the included studies and relative estimates of measure effect.
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Table S2 continued. Characteristics of the included studies and relative estimates of measure effect.
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Table S3. Newcastle-Ottawa assessment for Cohort studies.

Reference (1) (2) (3) (4) Demon- (5) Compa- (6) (7) (€3] Total
Repre- Selection Ascertain- stration that rability of Assess- Was follow- Adequacy
sentative ofthenon- ment of outcome of cohortson ment of the up long of follow up
exposed exposed  exposure interestwas  thebasisof outcome enough for  of cohorts
cohort cohort not presentat  the design outcomes to
start of study  oranalysis occur
Nafstad 2000 1 1 1 1 1 0 0 0 5
Montgomery 2000 1 1 1 1 1 0 1 0 6
Xu 2001 0 0 1 1 2 0 1 0 5
McKeever 2002 1 1 1 1 0 1 0 1 6
Bager 2003 1 1 1 0 1 0 1 1 6
Negele 2004 1 1 1 1 2 0 0 1 7
Renz-Polster 2005 1 1 1 1 2 0 0 1 7
Salam 2006 1 1 0 0 2 0 1 1 6
Pistiner 2008 1 1 1 1 1 0 1 1 7
Pyrhonen 2013 1 1 1 1 2 0 0 1 7
Grabenhenrich 2015 1 1 1 1 2 1 1 1 9
Lee 2017 1 1 1 1 1 1 0 0 6
Loo 2017 1 1 1 1 2 1 0 1 8
Gerlich 2018 1 1 0 0 2 0 1 0 5
Lin 2019 1 1 1 1 0 1 0 1 6
Lu 2020 1 1 1 1 2 1 0 1 8
Mitselou 2020 1 1 1 1 2 1 0 1 8
Richards 2020 1 1 1 1 2 1 1 0 8
Ali 2021 0 1 1 (0] 1 1 1 0 5
Gabryszewski 2021 1 1 1 1 1 0 0 1 6
Sigurdardottir 2021 1 1 1 1 2 1 1 0 8

Table S4. Newcastle-Ottawa assessment for Case-control studies.

Reference (1) (2) (3) (4) Demon- (5) Compa- (6) (7) (8)

Repre- Selection Ascertain- stration that rability of Assess- Was follow- Adequacy
sentative ofthenon- mentof outcome of cohortson ment of the uplong of follow up
exposed exposed exposure interestwas  thebasisof outcome enoughfor of cohorts

cohort cohort not presentat the design outcomes to

start of study  or analysis occur
Liu 2023 1 1 0 1 0 0 1 0 4
Wang 2023 0 1 1 0 0 1 1 0 4

Rhinology Vol 63, No 1, February 2025

Xvill



Mode of delivery and allergic rhinitis

Table S5. Newcastle-Ottawa assessment for Cross-sectional studies.

Reference (1) Representative (2) Selection of (3) Ascertainment  (4) Comparability  (5) Assessment of Total
exposed cohort the non-exposed of exposure of cohorts on the the outcome
cohort basis of the design
or analysis
Mallen 2008 0 0 1 1 0 2
Park 2010 0 0 1 2 1 4
Penaranda 2012 1 1 1 1 0 4
Li 2015 1 1 1 1 0 4
Brandao 2016 1 1 1 2 0 5
Cuppari 2016 1 1 1 0 1 4
Chu 2017 1 1 1 2 0 5
Krzych-Falta 2018 1 1 0 0 1 3
Han 2019 1 1 0 2 1 5
Yu 2019 1 1 0 1 0 3
Gorris 2020 0 0 1 2 0 3
Hu 2021 1 1 0 1 0 3
Meza-Lopez 2021 1 1 0 1 0 3
Choi 2023 1 1 0 1 1 4
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