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Abstract

Background: Investigating the association between caesarean section (SC) and childhood asthma has shown
contradictory results in different studies. The present study was conducted to determine the association between SC
and childhood asthma.

Material and method: The present study was conducted based on the preferred reporting items for systematic
reviews and meta-analyses (PRISMA) guidelines. All the steps of the study were conducted independently by two
reviewers from the inception until February 1, 2019. In case of disagreement, the third reviewer resolved it. We
searched international online databases, including Scopus, Cochrane Library, PubMed/Medline, Embase, Web of
Science (ISI), Science Direct, and Google scholar. The results of studies were combined using random effects model,
and heterogeneity was measured through I index and Cochran’s Q test. Comprehensive Meta-Analysis Software was
used for meta-analysis. The significance level of all tests was considered to be P <0.05.

Results: The heterogeneity rate was high (P=67.31%, P<0.001) in 37 studies. The results showed that SC increased
the risk of childhood asthma (RR (relative risk) = 1.20 [95% Cl 1.15-1.25, P <0.001]). The association between
emergency and elective SC and childhood asthma was significant with RR of 1.18 (95% CI 1.07-1.29, P<0.001) in 13
studies and 1.23 (95% Cl 1.20-1.26, P<0.001) in 13 studies, respectively. The subgroup analysis for RR of childhood
asthma in SC indicated that study design (P = 0.306), prospective/retrospective studies (P = 0.470), quality of studies
(P =0.514), continent (P = 0.757), age of diagnosis (P = 0.283) and year of publication (P = 0.185) were not effective
in the heterogeneity of studies. Sensitivity analysis by removing one study at a time indicated that the overall estimate
is robust.

Conclusion: According to the meta-analysis, SC (overall, elective, and emergency) increased the risk of childhood
asthma. Therefore, it is hoped that developing clinical guidelines and implementing appropriate management plans
would diminish the risk of asthma.
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Introduction asthma includes successive obstructed airways, which

Asthma is one of the most common airway diseases,
which involves increased response of tracheobronchial
tree to various stimuli. Asthma attacks may last from
a couple of minutes to a couple of hours. Continuous
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lasts for several days or weeks [1]. The incidence of
asthma is higher among people under 18 years of age
and the hospitalization of children suffering from asthma
is continuously rising [2]. The prevalence, incidence,
mortality, and economic burden of asthma have increased
since 1960, especially among children [3]. The incidence
of asthma has increased in developed countries, South
Africa, Eastern Europe, and Baltic countries, though this
increase mainly occured in two populations (children and

© The Author(s) 2019. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License
(http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license,

and indicate if changes were made. The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/

publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.


http://orcid.org/0000-0002-4509-5520
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13223-019-0367-9&domain=pdf

Darabi et al. Allergy Asthma Clin Immunol (2019) 15:62

the elderly) [3—-5]. The highest prevalence of asthma is in
UK, New Zealand, Australia, Ireland, Canada (all above
14%), and the United States (11%); the prevalence of
asthma has doubled in Western Europe over the last two
decades. Asthma is the most common cause of children’s
hospitalization in Europe [3]. Asthma is multifactorial,
and this implies that asthma is the result of poverty and
other environmental factors, smoking, air pollution,
congestion, dust, house pets, psychological factors, lack
of access to hygiene, genetics, history of viral infection,
and low birth weight [6, 7]. Type of delivery is another
contributing factor that causes allergic diseases, such
as asthma. Therefore, the present study investigates
the association between caesarean section (CS) and
childhood asthma [7-12]. Various mechanisms have
been proposed regarding the impact of delivery mode on
asthma; mechanisms such as mechanical effects on lung
growth, immunological mechanisms, and their impact
on intestinal flora [12]. During vaginal delivery, the
infant gets in touch with probiotics and the microbiome
that may affect the development of atopic diseases [13].
There have been many studies all around the world on
the association between CS and childhood asthma, and
a meta-analysis was conducted in 2006 that reported
significant association between CS and childhood asthma
by analyzing 23 studies [14]. Through reviewing and
synthesizing all related documents, systematic review
and meta-analysis can present a more comprehensive
picture of a problem in the community [15, 16].
Therefore, another study is required to represent a more
panoramic image of this issue all over the world; thus, the
present systematic study was conducted to investigate
the association between CS and children asthma.

Methods

Study protocol

The present study was conducted based on the preferred
reporting items for systematic reviews and meta-analyses
(PRISMA) [17]. All steps of the study were conducted
independently by two researchers (M.A and Sh.R). In
case of disagreement, the third researcher resolved it.

Search strategy

We searched international online databases, including
Scopus, Cochrane Library, PubMed/Medline, Embase,
Web of Science (ISI), Science Direct, and Google scholar
from the inception until February 1, 2019. Search was
preformed based on the following keywords: “Cesarean
Section”[MeSH], “Asthma”’[MeSH], “Child”[MeSH],
and “Mode of Delivery” [Text word]. References of the
searched articles were reviewed to ensure literature
saturation on the topic.
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Definitions

The definition of asthma was based on physician’s
diagnosis, hospitalization for asthma, medication use for
asthma, asthma reported by the child/patient, his or her
parents, or both, and the history of asthma. Elective CS
is a planned CS designed for pregnant women for any
maternal or embryonic indications before the onset of
labor. The emergency CS in the women’s emergency care
department is generally defined after the onset of labor.

Qualitative assessment

The modified Newcastle—Ottawa Scale (NOS) for non-
randomized studies was used to conduct qualitative
assessment [18]. This checklist covered 4 criteria, which
includes 8 sections. Finally, the two researchers compared
the points given to each article. The minimum acceptable
score was considered 5. The total score of NOS was 10
and the qualified articles were divided into three groups
of low quality (0 to 4), medium quality (5 to 7), and high
quality (8 to 10).

Inclusion and exclusion criteria

Inclusion criteria [19] were determined with respect to
prospective and retrospective studies that assessed SC
and childhood asthma.

Exclusion criteria of the present meta-analysis were:
(1) studies that did not focus on the SC as the exposure
and childhood asthma as outcome; (2) duplicated studies;
(3) non-English full text; (4) non-accessible full text [i.e.
articles that were not available through my Institution];
(5) review articles, case reports, letters to the editor,
comments, or conference papers; and (6) low quality
studies according to NOS checKklist.

Selection of studies

At the end of the search, the articles were entered into
the EndNote software, and after the “Find References
Updates’, duplicate studies were omitted. After blinding
the studies (hiding the name of the authors, the name
of the journal and the year of publication), each study
was evaluated independently by two authors at the
screening stage (by reading titles and abstracts), through
scanning the titles of studies and evaluating the inclusion
and exclusion criteria (the eligibility stage). In case of
disagreement between the two researchers, the expert
researcher made the final decision.

Data extraction

First, a checklist was designed according to the
objectives of the study. The designed checklist included
the following: the name of the author(s), the year of
publication, the location of the study, the sample size, the
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duration of the follow-up, relative risk (RR), odds ratio
(OR) with 95% confidence interval (CI), age category, and
the number of events in both groups (case and control),
which was extracted by two independent researchers,
while the name of the author, the institute and the journal
was blinded. If necessary, further details and the raw data
were requested by contacting the author (the first author,
the corresponding author or the group of authors).

Statistical analysis

Cochran’s Q test and I? index were used to evaluate the
heterogeneity of the studies. There are four categories
for I? index: I? index below 25% is low heterogeneity,
25-50% is moderate heterogeneity, 51-75% is
substantial heterogeneity and above 75% is considerable
heterogeneity. The random effects model was used to
generate the pooled RR or OR and 95% CI in case of
significant heterogeneity, otherwise, a fixed-effects
model was used [20]. Subgroup analysis was used to
find the cause of heterogeneity between the studies.
Sensitivity analysis was used to measure the predictive
power by excluding one study. Finally, the publication
bias was investigated using funnel plot and Egger and
Begg’s tests. Statistical analysis was performed using
Comprehensive Meta-Analysis Software version 2.
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The significance level of the tests was considered to be
P <0.05.

Results

Search results

A total of 1909 studies were identified by two researchers
by searching the databases and manual search identified
eleven more studies, and 960 studies were excluded due
to duplication. After screening the titles and abstracts,
886 studies were excluded due to irrelevancy and
after assessing the full text, 35 studies were excluded
due to lack of focus on the association between SC
and childhood asthma (n=19), non-English or non-
accessible full text (n=6), letters to the editor without
original data, review article and case report (n=10),
and low quality (n=0). Finally, 39 studies (37, 13, and 13
studies for overall SC, emergency and elective SC) with
appropriate quality entered the meta-analysis (Fig. 1 and
Table 1).

Association between caesarean section and childhood
asthma

Heterogeneity rate was high (I’=67.31%, P<0.001) in
37 studies. The association between SC and childhood
asthma was significant (RR=1.20 [95% CI 1.15-1.25,
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Records identified through
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Identification

Records after duplicates

Software
(n=960)

Screening

Record screened (n= 960)

Full-text articles
assessed for eligibility
(n=74)

!

Studies included in
quantitative synthesis
(meta-analysis) (n= 39)
37,13, and 13 studies

for overall SC,
emergency and
elective SC

Eligibility
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Fig. 1 Meta-analysis flowchart

database searching (n= 1909) +

identifiedthrough other sources
(n=11) by 2 researchers= 1920

removed by using Endnote™

Causes of Excluded
Studies

Records excluded due to irrelevancy
(n=886)

Full-text articles excluded (n=35),
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Studies that did not focus on the
SC as exposure or childhood
asthma as outcome (n= 19); non-
English full text (n= 4); non-
accessible full text (n=2); and low
quality studies (n= 0); review
articles, case reports, letters to
editor, comments, or conference
papers (n=10)
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Table 1 Characteristics of studies qualified for meta-analysis
Authors, Design Country/ Age (years) Asthma Sample size Year of birth RR?(95% Quality
publication date, continent definition clb) of studies
(reference)
Xuetal.2000[21]  Cohort Finland/Europe 7 Parental 8088 1985-1986 1.38 (1.00- High
prospective questionnaire 1.92)
(diagnosis)
Nafstad et al. 2000  Cohort Norway/Europe 4 Questionnaire 2531 1992-1993 1.10 (0.70- High
[22] prospective (diagnosis and 1.80)
symptoms)
Kero et al. 2002 [8]  Cohort Finland/Europe 7 57 years: hospital 59,927 1987-1995 1.21(1.08- High
retrospective admissions and 1.36)
medications
databases
(ICD code); at
7 years: clinical
visit (diagnosis)
McKeever et al. Cohort UK/Europe 0-11 Parental 29,238 1993-1997 1.09 (1.01- High
2002 [11] retrospective questionnaire 1.18)
(diagnosis)
Bager et al. 2003 [9] Cohort Denmark/Europe <28 Interview 9722 1973-1977 1.33(1.02- High
prospective (diagnosis 1.74)
Hakansson et al. Cohort Sweden/Europe  >1 Hospital 316918 1984-1996 1.14 High
2003 [10] retrospective discharge (1.07-1.22)
records (ICD
code)
Maitra et al. 2004 Cohort UK/Europe 5-8 Parental 12,367 1991-1992 1.16 (0.90- High
[12] prospective questionnaire 1.50)
(diagnosis)
Smith et al. 2004 Cohort Scotland/Europe  8-9 Hospital 241,846 1992-1995 1.10 (1.00- High
[23] retrospective admissions (ICD 1.20)
code)
Renz-polsteretal.  Cohort US/USA 3-10 Medical records 8953 1990-1992 1.24 (1.01- High
2005 [24] prospective (diagnosis) 1.57)
Bernsen et al. 2005  Cohort Netherlands/ >6 Medical records 1961 1988-1990 1.03(0.51- High
[25] retrospective Europe (diagnosis) 2.08)
Juhn et al. 2005 Cohort UK/Europe 7 Medical records 7106 1976-1982 0.93 (0.60- High
[26] retrospective (diagnosis or 1.40)
symptoms)
Delbey et al. 2005  Case-control Washington/USA  6-12 Hospital 10,320 - 1.20 (1.04- High
271 retrospective admissions (ICD 1.39)
code)
Salam et al. 2006 Cohort US/USA <18 Parental 6259 1975-1987 133(1.01- High
[28] retrospective questionnaire 1.75)
(diagnosis)
Werner et al. 2007 Cohort Danish/Europe 15-18 Parental 7119 1984-1987 1.11(0.88- High
[29] prospective questionnaire 1.39)
(diagnosis)
Roduit etal. 2008 Cohort Netherlands/ 8 Parental 2917 1996-1997 1.79 (1.27- High
[30] prospective Europe questionnaire 2.51)
(diagnosis)
Pistiner et al. 2008 Cohort US/USA 9 Parental 432 1994-1996 1.10 (0.60- Moderate
[31] prospective questionnaire 2.30)
(diagnosis)
Tollnes et al. 2008~ Cohort Norway/Europe 18 Parental 1,869,380 1967-1998 152 (1.42- High
[32] retrospective questionnaire 1.62)
(diagnosis)
Metsala et al. 2008 Cohort Finland/Europe >3 Hospital 22,548 1996-2004 1.15(1.05- High
[33] retrospective admissions (ICD 1.25)

code)
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Table 1 (continued)
Authors, Design Country/ Age (years) Asthma Sample size Year of birth RR® (95% Quality
publication date, continent definition cib) of studies
(reference)
Mohammadzadeh  Case-control Iran/Asia 3-14 Hospital 512 - 1.20 (0.80- Moderate
etal. 2009 [34] retrospective admissions (ICD 1.70)
code)
Devidson et al. Cohort UK/Europe 2-11 Hospital 248,612 1970-1989 1.18 (1.02- High
2010 [35] retrospective admissions (ICD 1.34)
code)
Park et al. 2010 [36] Cohort Korea/Asia <16 Questionnaire 279 2003 0.76 (0.37- Moderate
retrospective (diagnosis and 1.57)
Symptoms)
Nimwegen et al. Cohort Netherlands/ 6-7 Parental 2343 2002 0.89 (0.50- High
2011 [37] prospective Europe questionnaire 1.56)
(diagnosis)
Magnus etal. 2011 Cohort Norway/Europe 3 Parental 37,171 1999-2008 1.15 (1.02- High
[38] prospective questionnaire 1.29)
(diagnosis)
Nathanetal. 2011 Case—control Malaysian/Asia 3-15 Hospital 156 - 1.17 (047~ Moderate
[39] retrospective admissions (ICD 291)
code)
Almaqvist et al. 2012 Cohort Sweden/Europe  >10 National patient 87,500 1993-1999 1.20 (1.05- High
[40] retrospective register (ICD 1.37)
code)
Hancox etal. 2012 Cohort New Zealand/ 13 Hospital 1037 1972-1973 092 (0.32— High
[41] retrospective Oceania admissions (ICD 2.65)
code)
Kolokotroni et al. Cross-sectional ~ Cyprus/Europe 8 Parental 2216 - 141 (1.09- High
2012 [42] questionnaire 1.83)
(diagnosis)
Braback et al. 2013 Cohort Sweden/Europe 2-5 Swedish 199,837 1999-2006 1.20 (1.13- High
[43]** retrospective prescribed 1.28)
Drug Register
(Antiasthmatic
drugs)
Braback et al. 2013 Cohort Sweden/Europe  6-9 Swedish 199,837 1999-2006 1.18 (1.09- High
[43]** retrospective prescribed 1.27)
Drug Register
(Antiasthmatic
drugs)
Guibas et al. 2013 Cross-sectional  Aetoloakarnania/  9-13 Hospital 2572 - 1.39(1.04- High
[44] Europe admissions (ICD 1.87)
code)
Van Berkel et al. Cohort Netherlands/ 6 Questionnaire 6128 - 1.09 (0.76- High
2015 [51] prospective Europe (diagnosis) 1.55)
Black et al. 2016 Cohort UK, Scotland/ 5 Hospital 40,145 1993-2007 1.11(0.99- High
[45] retrospective Europe admissions (ICD 1.25)
code)
Kristensen et al. Cohort Denmark/Europe  0-14 Hospital 750,569 1997-2012 1.12 (1.09- High
2016 [52] admissions (ICD 1.50)
code)
Sevelsted et al. Cohort Denmark/Europe  0-15 - 864,049 1997-2010 218 (1.27- High
2016 [53] prospective 3.73)
Lavin et al. 2017 Cohort India/Asia 8 Questionnaire 2026 2001-2002 2.60 (1.30- High
[461** prospective (diagnosis) 5.40)
Lavin et al. 2017 Cohort Vietnam/Asia 8 Questionnaire 2000 2001-2002 2(1.20-330) High
[46]%* prospective (diagnosis)
Chuetal. 2017 [54] Case—control China/Asia 4-12 Questionnaire 1385 2015-2016 - High
retrospective (diagnosis)
Brix etal. 2017 [47]  Cohort Denmark/Europe  0-15 (ICD code) 928 1997-2012 - High

retrospective
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Table 1 (continued)
Authors, Design Country/ Age (years) Asthma Sample size Year of birth RR® (95% Quality
publication date, continent definition of studies
(reference)
Rusconietal. 2017 Cohort European/Europe  5-9 Questionnaire 67,613 1996-2006 1.22 (1.02- High
[55] retrospective (diagnosis 6
2 Relative risk for overall cesarean section
b Confidence interval
* RR was calculated based on event and total numbers in case and control groups
** Some studies have been included and estimated the RR for more than one population or regions
Study name Statistics for each study Rate ratio and 95% CI
Rate Lower Upper Relative
ratio  limit limit Z-Value p-Value weight
Juhn, et al, 2005 0.930 0.609 1.421 -0.336 0.737 0.91
Xu, et al, 2000 1.380 0996 1.912 1.935 0.053 1.41
Nafstad, et al, 2000 1.100 0.686 1.764 0.396 0.692 0.75
Kero et al, 2002 1210 1.078 1.358 3.241 0.001 4.61
McKeever, et al, 2002 1.090 1.008 1.178 2172 0.030 5.60
Bager, et al, 2003 1.330 1.018 1.737 2.093 0.036 1.91
Hakansson, et al, 2003 1.140 1.068 1.217 3.915 0.000 5.91
Maitra, et al, 2004 1.160 0.899 1.498 1.139 0.255 2.03
Smith, et al, 2004 1.100 1.004 1.205 2.049 0.040 5.25
Renz-polster, et al, 2005 1.240 1.007 1.526 2.030 0.042 2.67
Bernsen, et al, 2005 1.030 0.510 2.080 0.082 0.934 0.36
Salam, et al, 2006 1.330 1.010 1.751 2.034 0.042 1.83
Werner, et al, 2007 1110 0.883 1.395 0.895 0.371 2.36
Roduit, et al, 2008 1.790 1.273 2.516 3.350 0.001 1.31
Pistiner, et al, 2008 1.100 0.543 2.229 0.264 0.791 0.36
Tollnes, et al, 2008 1520 1423 1.624 12456 0.000 5.90
Metsala, et al, 2008 1.150 1.054 1.255 3.142 0.002 5.35
Devidson, et al, 2010 1.180 1.026 1.358 2.315 0.021 3.99
Park, et al, 2010 0.760 0.369 1.566 -0.744 0.457 0.34
Nimwegen, et al, 2011 0.890 0.504 1.572  -0.401 0.688 0.54
Magnus, et al, 2011 1.150 1.023 1.293 2.333 0.020 4.55
Almaqvist, et al, 2012 1.200 1.051 1.371 2.687 0.007 4.16
Hancox, et al, 2012 0920 0.320 2647 -0.155 0.877 0.16
Braback, et al, 2013 1.200 1.127 1.277 5.734 0.000 5.98
Braback, et al, 2013a 1.180 1.093 1.274 4.245 0.000 5.63
Lavin, et al, 2017 2600 1.276 5.299 2.630 0.009 0.35
Lavin, et al, 2017a 2.000 1.206 3.317 2.686 0.007 0.67
Black, et al, 2016 1111 0991 1.246 1.802 0.072 4.63
Delbey, et al, 2005 1.200 1.038 1.387 2.464 0.014 3.88
Mohammadzadeh, et al, 2009 1.200 0.814 1.770 0.920 0.358 1.06
Kolokotroni, et al, 2012 1.410 1.088 1.827 2.599 0.009 1.99
Nathan, et al, 2011 1.170 0470 2.911 0.338 0.736 0.22
Guibas, et al, 2013 1.390 1.037 1.864 2.200 0.028 1.66
Kristensen, et al, 2016 1122 1.094 1.150 9.039 0.000 6.67
Rusconi, et al, 2017 1220 1.020 1.460 2173 0.030 3.16
Sevelsted, et al, 2016 2180 1.272 3.736 2.835 0.005 0.59
Van Berkel, et al, 2015 1.090 0.763 1.557 0.474 0.636 1.22
1.205 1.154 1.258 8.405 0.000

Heterogeneity test: 1= 67.31%, P <0.001

0.1

0.2

Meta Analysis

Fig. 2 Relative risk of childhood asthma in cesarean section. Random-effects model
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Study name Statistics with study removed Rate ratio (95% CI) with study removed
Lower Upper
Point  limit limit Z-Value p-Value
Juhn, et al, 2005 1.208 1.156  1.262 8.471 0.000 .
Xu, et al, 2000 1.203  1.151 1.256 8.249 0.000 .
Nafstad, et al, 2000 1.206 1.154  1.260 8.371 0.000 .
Kero et al, 2002 1205 1.152 1.261 8.105 0.000 .
McKeever, et al, 2002 1212 1159  1.269 8.317 0.000 .
Bager, et al, 2003 1.203  1.151 1.257 8.221 0.000 .
Hakansson, et al, 2003 1210 1.155  1.268 8.053 0.000 .
Maitra, et al, 2004 1.206 1.154  1.261 8.308 0.000 .
Smith, et al, 2004 1.211 1.158  1.268 8.297 0.000 .
Renz-polster, et al, 2005 1204 1.152  1.259 8.212 0.000 .
Bernsen, et al, 2005 1.206 1.154  1.260 8.386 0.000 .
Salam, et al, 2006 1.203  1.151 1.257 8.228 0.000 .
Werner, et al, 2007 1.207 1.155  1.262 8.348 0.000 .
Roduit, et al, 2008 1.198  1.148  1.250 8.269 0.000 -
Pistiner, et al, 2008 1.205 1.154  1.259 8.373 0.000 .
Tollnes, et al, 2008 1.165 1134 1197 11.042 0.000 .
Metsala, et al, 2008 1209 1.155 1.265 8.131 0.000 .
Devidson, et al, 2010 1206 1.153 1.262 8.192 0.000 .
Park, et al, 2010 1.207 1155  1.260 8.471 0.000 .
Nimwegen, et al, 2011 1.207  1.155 1.261 8.449 0.000 .
Magnus, et al, 2011 1.208 1.155 1.264 8.206 0.000 .
Almaqvist, et al, 2012 1205 1.153 1.261 8.153 0.000 .
Hancox, et al, 2012 1.206 1.154  1.259 8.393 0.000 .
Braback, et al, 2013 1.206 1.152  1.264 7.902 0.000 .
Braback, et al, 2013a 1.207 1.153 1.264 8.021 0.000 .
Lavin, et al, 2017 1.201 1.151 1.254 8.390 0.000 .
Lavin, et al, 2017a 1.200 1.150 1.253 8.328 0.000 .
Black, et al, 2016 1210 1.157 1.266 8.293 0.000 .
Delbey, et al, 2005 1205 1.153 1.261 8.173 0.000 .
Mohammadzadeh, et al, 2009 ~ 1.205 1.153  1.259 8.325 0.000 .
Kolokotroni, et al, 2012 1.201 1149  1.255 8.195 0.000 .
Nathan, et al, 2011 1.205 1.154  1.259 8.367 0.000 .
Guibas, et al, 2013 1.202 1.150 1.256 8.226 0.000 .
Kristensen, et al, 2016 1213 1.156  1.272 7.945 0.000 .
Rusconi, et al, 2017 1.205 1.152  1.259 8.198 0.000 .
Sevelsted, et al, 2016 1200 1.150 1.253 8.352 0.000 .
Van Berkel, et al, 2015 1.207 1.155  1.261 8.374 0.000 .
1.205 1.154 1.258 8.405 0.000 '
0.1 0.2 0.5 1 2 5 10
Meta Analysis
Fig. 3 Sensitivity analysis for relative risks of childhood asthma in cesarean section

P<0.001]) (Fig. 2). Sensitivity analysis by removing one
study at a time indicated that the overall estimate is
robust (Fig. 3).

The subgroup analysis for caesarean section and childhood
asthma

The subgroup analysis for RR of childhood asthma in
SC indicated that study design (P=0.306), prospective/
retrospective studies (P=0.470), quality of studies

(P=0.514), continent (P=0.757), age of diagnosis
(P=0.283) and year of publication (P=0.185) were not
effective in the heterogeneity of studies (Table 2).

Relative risks of childhood asthma in emergency

and elective cesarean section

The association between emergency and elective SC and
childhood asthma was significant with RR of 1.18 (95%
CI 1.07-1.29, P<0.001) in 13 studies and 1.23 (95% CI
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Table 2 The subgroup analysis for relative risks of childhood asthma in cesarean section

Variable Studies (N?) Sample (N) Heterogeneity RRP 95% CI¢ Pvalue

12 P-value

Year of publication (year) 2000-2004 8 680,637 0 0.603 1.134 1.090-1.180 <0.001
2005-2009 11 1,937,507 73.652 <0.001 1.256 1.115-1.415 <0.001
2010-2014 1 581,723 0 0.823 1.191 1.145-1.239 <0.001
2015-2018 7 1,866,897 64.631 0.009 1.234 1.089-1.397 <0.001
Test for subgroup differences: Q=5.189, df(Q) =3, P=0.158

Study design Cohort 32 5,049,603 70.899 <0.001 1.198 1.144-1.255 <0.001
Case—control 3 12,373 0 0.999 1.199 1.049-1.372 0.008
Cross-sectional 2 4788 0 0.943 1.401 1.154-1.702 0.001
Test for subgroup differences: Q= 2.367, df(Q) =2, P=0.306

Prospective/retrospective Prospective 15 1,716,415 49.38 0.016 1.242 1.135-1.360 <0.001
Retrospective 22 3,350,349 70.176 <0.001 1.195 1.132-1.261 <0.001
Test for subgroup differences: Q=0.523, df(Q)=1,P=0.470

Quiality of studies High 33 4,931,946 70.57 <0.001 1.167 1.148-1.187 <0.001
Moderate 4 134,818 0 0.749 1.095 0.818-1.465 0.544
Test for subgroup differences: Q=0.427, df(Q)=1,P=0514

Continent USA 4 25,964 0 0914 1.227 1.102-1.367 <0.001
Europe 27 4,901,351 73451 <0.001 1.197 1.142-1.254 <0.001
Asia 5 138,412 51819 0.081 1431 0.967-2.118 0.073
Oceania 1 1037 0 NA 0.92 0.320-2.647 0.877
Test for subgroup differences: Q=1.182, df(Q) =3, P=0.757

Age of diagnosis (years) <10 20 726,194 22466 0.177 1.182 1.135-1.231 <0.001
>10 4 2,097,090 80.450 0.002 1274 1.045-1.555 0.017
Both 13 2,243,480 14.038 0.303 1.141 1.101-1.182 <0.001

Test for subgroup differences: Q= 2.523, df(Q) =2, P=0.283

@ Number
b Relative risk
¢ Confidence interval

1.20-1.26, P<0.001) in 13 studies, respectively (Fig. 4a,
b). Sensitivity analysis by removing one study at a time
indicated that the overall estimate is robust (Fig. 5a, b).

Publication bias

The statistical tests of publication bias were not
significant for the RR of childhood asthma in the
overall SC (Begg’s=0.187, Egger=0.569), emergency
CS (Begg’s=0.999, Egger=0.291) and elective CS
(Begg’s=0.474, Egger =0.607) (Fig. 6).

Discussion

The present study is a systematic review and meta-
analysis regarding CS and childhood asthma. In the
final analysis of 37 studies, the relationship between

CS and childhood asthma was statistically significant
compared to vaginal delivery with a RR of 1.20 (95% CI
1.15-1.25). The results of different studies are reported
to be contradictory; this relationship was significant in
some studies [8-11, 21, 23, 24, 27, 28, 30, 32, 33, 35,
38, 40, 42-46] and it was not significant in others [12,
22, 25, 26, 29, 31, 34, 36, 37, 39, 41]. In a meta-analysis
carried out in 2008, combination of 13 studies showed
that cesarean delivery increases the risk of asthma
[48]. According to the hygiene hypothesis, there are
two possible causes: 1. Lack of contact of infants with
mother’s bacteria during labor in CS, while these
bacteria are necessary for the growth and development
of the immune system. 2. Since infants are less in
contact with stress hormone and chest pressure in CS,



Darabi et al. Allergy Asthma Clin Immunol (2019) 15:62 Page 9 of 13
a
Study name Statistics for each study Rate ratio and 95% ClI
Rate Lower Upper Relative
ratio limit limit  Z-Value p-Value weight
Hakansson, et al, 2003 1.080 0989  1.179 1718  0.086 . 9.70
Werner, et al, 2007 1200 0.906  1.590 1.270 0.204 el 5.44
Tolines, et al, 2008 1590 1442  1.753 9.323  0.000 [ | 9.52
Metsala, et al, 2008 1440 1330  1.560 8.961 0.000 [ | 9.85
Magnus, et al, 2011 1200 1.047 1376 2615  0.009 E 3 8.66
Almgyist, et al, 2012 1180 1.004 1.386 2014  0.044 Hl- 8.09
Braback, et al, 2013 1140  1.040  1.250 2793 0.005 |. 9.63
Braback, et al, 2013a 1.050 0794  1.389 0342 0732 5.48
Black, et al, 2016 1180 1.048  1.328 2745  0.006 B 9.08
Brix, et al, 2017 0670 0382 1176  -1.396  0.163 - 222
Kristensen, et al, 2016 1050  1.002  1.101 2028  0.043 10.33
Rusconi, et al, 2017 1070 0939 1.219 1.017  0.309 8.81
Van Berkel, et al, 2015 1.260 0.812  1.955 1.031 0.302 o 3.20
1.181  1.075  1.298 3467  0.001 0
0.1 0.2 0.5 1 2 5 10
Meta Analysis
Study name Statistics for each study Rate ratio and 95% CI
Rate Lower Upper Relative
ratio limit limit Z-Value p-Value weight
Hakansson, et al, 2003 1230 1111 1.361 3.995 0.000 - 6.08
Werner, et al, 2007 0.980 0690 1391  -0.113 0.910 —— 0.51
Tolnes, et al, 2008 1420 1251 1612 5.431 0.000 — 3.92
Metsala, et al, 2008 1190  1.071  1.322 3.247 0.001 -— 5.69
Magnus, et al, 2011 1160 0966  1.394 1.586 0.113 e 1.86
Almqvist, et al, 2012 1250 1.024 1526 2.193 0.028 — 1.58
Braback, et al, 2013 1190  1.094  1.295 4.048 0.000 - 8.84
Braback, et al, 2013a 1210 1.001  1.342 3.619 0.000 - 5.89
Black, et al, 2016 1240 1.086 1.415 3.188 0.001 —— 3.59
Kristensen, et al, 2016 1.240 1201 1.281  13.065 0.000 . 60.26
Rusconi, et al, 2017 1330 1.015  1.742 2.071 0.038 E— 0.86
Van Berkel, et al, 2015 0.890 0521 1522  -0.426 0.670 0.22
Chu, et al, 2017 1580 1171 2132 2.993 0.003 — 0.70
1236 1205 1.267  16.569 0.000 Q
0.1 0.2 0.5 1 2 5 10
Meta Analysis
Fig. 4 Relative risk of childhood asthma in emergency (a), and elective (b) cesarean section. A random-effects model was used for a and a
fixed-effects model was used for b

they suffer from more respiratory problems after birth.
That’s because these mechanisms are associated with
the emptying of the lungs from the amniotic fluid. This
may have a negative effect on lung function in the long
run [12, 13].

According to a study by Ghaffari et al. children with
asthma have experienced shorter breastfeeding period,
especially in the first 6 months of their lives, and this may
be a potential mechanism to justify the role of delivery
mode and breastfeeding duration on asthma incidence
[49].

The present study also showed that there is a significant
relationship between emergency and elective CS and
childhood asthma, which is consistent with the studies of
Tollanes et al. and Metsila et al. [32, 33]. Some evidence
suggest that perinatal metabolic changes may affect
children’s immune system and increase the sensitivity of
allergic diseases [50].

According to the findings of the present study, the
association between CS and childhood asthma in
developed countries is significant, which is consistent
with the results of Thavagnanam’s meta-analysis [14].
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a
Study name Statistics with study removed Rate ratio (95% CI) with study removed
Lower Upper

Point  limit limit Z-Value p-Value
Hakansson, et al, 2003 1191 1.073 1.321 3.285 0.001 .
Werner, et al, 2007 1.180 1.070 1.301 3.311 0.001 .
Tollnes, et al, 2008 1.149  1.061 1.244 3.426 0.001
Metsala, et al, 2008 1.158  1.059 1.267 3.207 0.001
Magnus, et al, 2011 1.178 1.065 1.304 3.170 0.002 .
Almaqyvist, et al, 2012 1.181 1.068 1.305 3.236 0.001 .
Braback, et al, 2013 1.184 1.065 1.315 3.141 0.002 .
Braback, et al, 2013a 1.189 1.078 1.311 3.476 0.001 .
Black, et al, 2016 1.180 1.065 1.308 3.160 0.002 .
Brix, et al, 2017 1.196  1.089 1.314 3.741 0.000 .
Kristensen, et al, 2016 1.198 1.087 1.320 3.642 0.000 .
Rusconi, et al, 2017 1192 1.077 1.318 3.402 0.001 .
Van Berkel, et al, 2015 1.178 1.070 1.298 3.340 0.001 .

1.181 1.075 1.298 3.467 0.001 ’

0.1 0.2 0.5 1 2 5 10

Meta Analysis

b
Study name Statistics with study removed Rate ratio (95% CI) with study removed
Lower Upper

Point  limit limit Z-Value p-Value
Hakansson, et al, 2003 1.236 1.205 1.269 16.081 0.000 .
Werner, et al, 2007 1.237 1.207 1.269 16.620 0.000 .
Tollnes, et al, 2008 1229 1.198 1.261 15.807 0.000 .
Metsala, et al, 2008 1.239 1.207 1271 16.264 0.000 .
Magnus, et al, 2011 1.237 1206 1.269 16.507 0.000 -
Almqyist, et al, 2012 1.236 1.205 1.267 16.424 0.000 .
Braback, et al, 2013 1.240 1.208 1.273 16.094 0.000 .
Braback, et al, 2013a 1.237 1206 1.270 16.174 0.000 .
Black, et al, 2016 1.236 1.205 1.268 16.260 0.000 .
Kristensen, et al, 2016 1.230 1.182 1.279 10.195 0.000 .
Rusconi, et al, 2017 1.235 1.204 1.267 16.448 0.000 .
Van Berkel, et al, 2015 1.237 1.206 1.268 16.607 0.000 .
Chu, et al, 2017 1.234 1203 1.265 16.376 0.000 .

1.236 1.205 1.267 16.569 0.000 0

0.1 0.2 0.5 1 2 5 10

Meta Analysis

Fig. 5 Sensitivity analysis for relative risks of childhood asthma in emergency (a), and elective (b) cesarean section

Publication bias for studies on the relationship
between CS and childhood asthma was evaluated
according to Begg and Egger’s tests. The results showed
that publication bias in the present study was not
significant. It is assumed that the observed differences
are due to different sampling and differences in the
measured parameters in different societies.

Weaknesses of the present study

(1) The omission of some studies, such as medical thesis
and low-sample-size studies, due to their low quality;
(2) the omission of several studies due to inharmonious
reports and biased publications; (3) Europe was the
context of most of the studies; (4) individual patients
might have been included multiple times.



Darabi et al. Allergy Asthma Clin Immunol (2019) 15:62 Page 11 of 13

a Funnel Plot of Standard Error by Log rate ratio
0.0 5
o
0.1 o 2
ik
0 4 Y
0.2 o
5 o
2
S o
W 03 ©
el
2
] o 00 o
S 04
»
O
0.5
o
0.6 =
-2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0
Log rate ratio
b Funnel Plot of Standard Error by Log rate ratio
0.0
¢}
05 o o)
0.1
o 0
s
w 02
o O
©
©
c
ks
(%]
0.3
0.4
-2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0
Log rate ratio
C Funnel Plot of Standard Error by Log rate ratio
0.0
0.1
S o
o 0.2
2
©
©
8
& O
0.3
0.4 S
-2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0
Log rate ratio
Fig. 6 Funnel plot of relative risk of childhood asthma in overall (a), emergency (b) and elective (c) cesarean section




Darabi et al. Allergy Asthma Clin Immunol (2019) 15:62

Conclusion
This meta-analysis showed that CS (overall, elective,
and emergency) increased the risk of childhood asthma.
This may reflect the hygiene hypothesis, according
to which these children are likely to be less exposed
to environmental microbes in early life. Future studies
are needed to identify the effective factors in reducing
this risk (especially in cases where elective or elective
CS is not available) that can have important clinical and
public health implications.

Abbreviations
CS: caesarean section; UK: United Kingdom; SE: standard error; RR: relative risk;
Cl: confidence interval.
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