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Abstract

Purpose To explore the association between cesarean section (CS) and the risk of neonatal respiratory distress syndrome
(RDS).

Methods We searched PubMed, Web of Science, and ClinicalTrials.gov database for studies related to the association
between CS and the risk of neonatal RDS up to 25 August 2018. The pooled odds ratios (ORs) with 95% confidence intervals
(ClIs) were estimated using a random-effects model (REM).

Results A total of 26 studies from 25 available articles were included in this meta-analysis. For the association between CS
and the risk of neonatal RDS, the pooled OR was 1.76 (95% CI 1.48-2.09). The pooled OR of the risk of neonatal RDS was
2.38 (95% CI 1.89-2.99) for elective CS and 1.85 (95% CI 1.34-2.56) for emergency CS.

Conclusion This meta-analysis suggested that CS, elective CS, and emergency CS were associated with an increased risk

of neonatal RDS.

Keywords Cesarean section - Epidemiology studies - Meta-analysis - Neonatal respiratory distress syndrome

Introduction

Neonatal respiratory distress syndrome (RDS) is defined as
the clinical symptoms of early neonatal respiratory distress
with consistent chest radiologic characteristics and requires
oxygen supplementation within 24 h of birth to maintain a
saturation over 85% [1, 2]. It remains the primary cause of
early mortality and morbidity during infancy and childhood,
affecting about 1% of newborns [3]. In addition, survivors of
RDS appear to be more vulnerable to later lower respiratory
tract infections [4]. The potential risk factors of neonatal
RDS might include low birthweight, low gestational age,
maternal diabetes, maternal age, and multifetal pregnancy
[5-7].

Cesarean section (CS) is an operation that gives birth to
a baby through an incision in the abdomen and the womb
[8], and includes the elective CS or the emergency CS. It
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is one of the most common surgical procedures worldwide
[9], and the CS rates have been increasing continuously. The
CS rates rose from just over 20% in 1996-33% in 2011 in
the United States [10]. Some studies showed that CS could
reduce the neonatal mortality and morbidity from birth
trauma (superficial skin laceration and brachial plexus palsy)
[11]. However, compared with babies born vaginally, the
length of hospital stay for CS was longer, and the rates of
hospitalization in intensive care units were higher [12], and
CS increases the risks of hypoxic—ischaemic encephalopathy
and intracranial hemorrhage [13]. Furthermore, CS increases
the risk of respiratory system disease for offspring, such as
transient tachypnea and persistent pulmonary hypertension
of the newborn [14—-16]. However, considering the associa-
tion between CS and the risk of neonatal RDS, the conclu-
sions of several epidemiological studies have been inconsist-
ent. While CS has been found to significantly increased the
risk of neonatal RDS [17-26], other studies [27-29] found
no significant association between CS and the risk of neo-
natal RDS.

Therefore, we conducted this meta-analysis of observa-
tional studies to further investigate the associations between
CS (not differentiating between elective cesarean section and
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emergency cesarean section), elective CS and emergency CS
and the risk of neonatal RDS, respectively.

Methods

We consulted the Preferred Reporting Items for Systematic
Reviews and Meta-analyses (PRISMA) guidelines for the
reporting of meta-analyses in this analysis [30].

Data sources

We searched PubMed, Web of Science, and ClinicalTrials.
gov database up to 10 August 2018 to identify all relevant
available studies. Searches were limited to English-language
studies in humans and search terms were included as fol-
lows: “cesarean delivery” (or “cesarean section” or “deliv-
ery mode” or “vaginal delivery”) and “respiratory distress
syndrome” (or “hyaline membrane disease” or “RDS” or
“respiratory distress”). The reference lists of retrieved arti-
cles were reviewed to identify additional eligible studies not
captured by our databases.

Study selection criteria

The inclusion criteria were as follows: (1) an observational
study (cohort or case—control); (2) the exposure group was
women experiencing CS (not differentiating between elec-
tive CS and emergency CS), elective CS, or emergency CS;
(3) the control group was women undergoing vaginal deliv-
ery (VD); (4) the outcome of interest was neonatal RDS; and
(5) relative risk (RR), odds ratios (OR), or hazard ratios with
95% confidence interval (CI) were provided.

The exclusion criteria were as follows: (1) review articles,
experimental study, or meeting abstract; (2) the articles writ-
ten in other languages instead of English; (3) studies lacking
OR and/or 95% CI; (4) unpublished studies; (5) studies not
evaluating the association between CS and neonatal RDS;
and (6) duplicated data.

Two investigators independently (YL and CZ) searched
articles and reviewed all retrieved studies, and discrepancies
were discussed and resolved by a third investigator (DZ).

Data extraction and quality assessment

Two investigators (YL and CZ) independently extracted the
following data: (1) the first author’s name; (2) country or
continent, where the study was performed; (3) publication
year; (4) study design; (5) exposure; (6) sample size and
number of cases; (7) number of fetuses; (8) range of gesta-
tional age; (9) OR with 95% CI of the risk of neonatal RDS;
and (10) covariates adjusted for.

@ Springer

The study quality was assessed by the Newcastle—Ottawa
quality assessment scale (www.ohri.ca/programs/clinical _
epidemiology/oxford.asp).

Statistical analysis

The study-specific log ORs were weighted by the inverse of
their variance to calculate pooled ORs with corresponding
95% ClIs of neonatal RDS with CS, elective CS, and emer-
gency CS, respectively. We also evaluated the association
between elective CS and the risk of neonatal RDS in new-
born delivered at term. I? of Higgins and Thompson [31]
was used to assess the heterogeneity among studies. We used
a random-effects model (REM) as the pooling method in
this analysis. Meta-regression analysis was used to explore
the potentially important covariates that have significant
effects on between-study heterogeneity [32], including the
covariates of publication year, sample size, continent, study
design (cohort study or case—control study), study quality
assessment score, number of fetuses, and adjustment (yes
or no) for maternal age, birthweight, and gestational age.
We also conducted subgroup analyses by continent, study
design (cohort study or case—control study), number of the
fetuses, and adjustment for maternal age, birthweight, and
gestational age. To evaluate the critical studies that have a
significant effect on between-study heterogeneity, a leave-
one-out sensitivity analysis was carried out [33]. Influence
analysis was used to assess whether a single study has a
significant impact on the results. Egger’s test [34] and funnel
plot were used to assess the small-study effect.

All statistical analyses were performed using StataV.15.0
(Stata Corp, College Station, Texas, USA). All reported
probabilities (P values) were two-sided, and P <0.05 was
considered statistically significant.

Results
Identification of studies and study characteristics

Initially, 1934 articles from PubMed, 1278 articles from
the Web of Science, and 62 articles from ClinicalTrials.gov
were identified. One additional article was found from refer-
ence lists. After reviewing the titles and abstracts, a total of
2631 articles that were not relevant to the associations of CS
(not differentiating between elective CS and emergency CS),
elective CS, and emergency CS with the risk of neonatal
RDS were excluded. We further excluded 49 articles after
reviewing the 74 full-text articles. Finally, 25 articles [5, 7,
17-29, 35-44] including 26 studies were eligible for this
meta-analysis. The detailed information is shown in Fig. 1.

A total of 26 studies from 25 available articles [5, 7,
17-29, 35-44] with 810,454 participants were included in
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Fig. 1 Flow diagram of lit-
erature search (CI, confidence
interval; CS, cesarean section;
OR, odds ratio; RDS, respira-
tory distress syndrome)

)

(n=1278)

Records identified through searching
PubMed (n=1934), Web of Science

Additional records identified through
reference list (n=1)

Identification

[

]

Screening

Eligibility

Records after duplicates
removed(n=2643)

Records excluded after
review of title or
abstract(n=2569)

4 Full-text articles excluded

74 full-text articles (n=49) because:
1.Duplicate data from same

population (n=1)

2. lacking OR and/or
95%CI(n=20)

3. Experimental study(n=1)
4. Review(n=8)

5. Not English (n=15)

6. the control group was not
women experiencing vaginal

delivery (VD)(n=4)
25 articles included in
meta-analysis

Included

Studies assessing
the association
between CS and
RDS risk(n=13)

this meta-analysis. Among the 26 studies, a total of 13 studies
[17-29] involving 378,210 participants evaluated the associa-
tion between CS and the risk of neonatal RDS, 15 studies [5,
7,17, 19, 22,35-42, 44] involving 246 347 participants evalu-
ated the association between elective CS and the risk of neo-
natal RDS, and 13 studies [5, 7, 17, 36-—44] involving 185,897
participants evaluated the association between emergency CS
and the risk of neonatal RDS. Quality assessment indicated
that the Newcastle—Ottawa score of each study was generally
good. The detailed characteristics of the included studies are
shown in Table 1.

!

Studies assessing
the association
between elective CS
and RDS risk(n=15)

Studies assessing the
association between
emergency CS and
RDS risk(n=13)

Quantitative synthesis
CS and the risk of neonatal RDS

Among the 13 studies [17-29] assessing the association
between CS and the risk of neonatal RDS, 3 studies [24,
28, 29] were conducted in Asia, 9 studies [17-20, 22, 23,
25-27] in North America, and 1 study in Europe [21]. As for
study design, there were 10 cohort studies [17-21, 23, 24,
26-28] and 3 case—control studies [17, 22, 29]. The pooled
OR of neonatal RDS associated with CS was 1.76 (95% CI

@ Springer
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Fig.2 Forest plot of cesarean author year

section and the risk of respira-

tory distress syndrome. The size )

of gray box is positively propor- White E 1985

tional to the weight assigned to Levine EM 2001

each study, which is inversely Beydoun H 2003

proportional to the stand.ard Gerten K A 2005

error of the OR, and horizontal

lines represent the 95% Cls Herbst A 2007

(OR, odds ratio; CI, confidence Wylie, B J 2008

interval) Sangkomkamhang U 2011
Wemer EF 2012
Anadkat J S 2012
Werner EF 2013
Barzilay E 2015
Blue NR 2015
Hunter T 2018

Overall (l-squared = 87.5%, p = 0.000)

NOTE: Weights are from random effects analysis

OR(95%Cl)  Weight%

— 1.63(1.11,2.39) 723
————> 3.00(1.60,5.30) 4.76
1.69 (0.85,3.39) 3.99

—_— 230 (2.10,2.60) 10.83

—_—— 210 (1.40,3.20) 6.83
e 1.23(0.99, 1.51) 9.66
—t 1.20 (0.80, 1.80) 6.93
—— 1.30 (1.10, 1.60) 9.97
Do 264 (2.29,3.05) 1048

= 1.74(161,1.89) 11.04

> 4.17 (1.37, 12.67) 1.97
_— 1.79(1.10,2.90) 5.94
i 1.34(1.15,1.56) 10.38

176 (1.48,2.09) 100.00

2

1.48-2.09; I’ =87.5%, Pheterogencity <0-05; Fig. 2). In sub-
group analysis stratified by study design, the pooled OR
of neonatal RDS was 1.71 (95% CI 1.40-2.09; P=87.6%,
Pheterogeneity <0.05) for cohort studies, and 2.03 (95% CI
1.57-2.61; =42.9%, Pheterogencity =0.173) for case—con-
trol studies. Regarding the subgroup by continents, the
pooled OR of neonatal RDS was 1.76 (95% CI 1.45-2.13;
P=91.1%, Ppierogencity < 0-05) in North America and 1.79
(95% CI 1.18-2.71; I’=52.6%, Pheterogeneity = 0-097) in
other continents. In subgroup analysis stratified by number
of fetuses, the pooled OR of the risk of neonatal RDS was
1.76 (95% CI 1.43-2.16; I*=87.6%, Pheterogeneity < 0.05) for
single birth and was 1.77 (95% CI 1.22-2.59; >=85.9%,
Pheterogeneity < 0.05) for others. The results of subgroup analy-
ses are summarized in Table 2.

Elective CS and the risk of neonatal RDS

Among the 15 studies [5, 7, 17, 19, 22, 35-42, 44] assessing
the association between elective CS and the risk of neonatal
RDS, 8 studies [17, 19, 22, 37-40] were conducted in North
America, 6 studies [5, 7, 35, 36, 42, 44] in Europe and 1
study [41] in Asia. As for study design, there were 11 cohort
studies [5, 7, 19, 35, 37-42] and 4 case—control studies [17,
22, 36, 44]. The pooled OR of the risk of neonatal RDS
associated with elective CS was 2.38 (95% CI 1.89-2.99;
P=453%, Pheterogencity = 0-029; Fig. 3). In subgroup analysis
stratified by study design, the pooled OR of neonatal RDS
was 2.27 (95% CI 1.52-3.38; I*=57.4%, Preterogeneity = 0-009)
for cohort studies, and 2.59 (95% CI 2.10-3.19; F=0%,
Peterogencity = 0-985) for case—control studies. Regard-
ing the subgroup analysis by continents, the pooled OR

@ Springer
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of neonatal RDS was 2.68 (95% CI 1.85-3.89; F=40.2%,
Pheterogeneity =0-111) in North America and 2.13 (95% CI
1.64-2.77; ’=39.2%, Pheterogeneity = 0-131) in other coun-
tries. In subgroup analysis stratified by number of fetuses,
the pooled OR of neonatal RDS for single birth was 2.81
(95% CI: 2.24 to 3.52; P=17.9%, Pheterogencity = 0-284) and
1.82 (95% CI: 1.33 to 2.49; I’ =25.6%, =0.242)
for the others.

Among the 15 studies assessing the association between
elective CS and the risk of neonatal RDS, 5 studies [19, 35,
38, 41, 44] were conducted in newborn delivered at term.
The pooled OR of neonatal RDS associated with elective
CS for full-term newborn was 3.27 (95% CI 1.91-5.59;
P=53.2%, =0.073).

P heterogeneity

P heterogeneity

Emergency CS and the risk of neonatal RDS

Among the 13 studies [5, 7, 17, 36—-44] assessing the
association between emergency CS and the risk of neo-
natal RDS, 6 studies [17, 37-40] were conducted in
North America, 5 studies [5, 7, 36, 42, 44] in Europe,
1 study [41] in Asia and 1 study [43] in Latin Amer-
ica. As for study design, there were 10 cohort studies
[5, 7, 37-41, 43, 45] and 3 case—control studies [17, 36,
44]. For emergency CS, the pooled OR of the risk of
neonatal RDS was 1.85 (95% CI 1.34-2.56; I>=70.9%,
Pheterogeneity < 0.05; Fig. 4). In subgroup analysis stratified
by study design, the pooled OR of neonatal RDS was 1.78
(95% CI 1.05-3.02; I*=75.1%, Pheterogeneity < 0-05) for
cohort studies, and 1.97 (95% CI 1.62-2.40; F=14.6%,
Pheterogeneity = 0.310) for case—control studies. Regarding
the subgroup analysis by continents, the pooled OR of
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Table2 Summary of pooled
ORs for the associations
between CS, elective CS, and
emergency CS and neonatal
RDS risk

51
Exposure Subgroup No. of studies Pooled OR (95% CI) P (%) Pheterogeneity
CS All studies 13 1.76 (1.48, 2.09) 87.5 0.000
Study design
Cohort 10 1.71 (1.40, 2.09) 87.6 0.000
Case—control 3 2.03 (1.57,2.61) 42.9 0.173
Continent
North America 9 1.76 (1.45,2.13) 91.1 0.000
Others 1.79 (1.18,2.71) 52.6 0.097
Number of fetuses
Single birth 7 1.76 (1.43,2.16) 87.6 0.000
Others* 6 1.77 (1.22,2.59) 85.9 0.000
Adjusted for birth weight
Yes 4 1.90 (1.21, 2.96) 89.6 0.000
No 9 1.73 (1.41,2.12) 86.8 0.000
Adjusted for gestational age
Yes 10 1.65 (1.36, 1.99) 87.0 0.000
No 3 2.30 (2.08, 2.55) 0.0 0.468
Adjusted for maternal age
Yes 8 1.66 (1.35, 2.03) 86.4 0.000
No 5 1.95 (1.33, 2.86) 90.8 0.000
Elective CS All studies 15 2.38(1.89,2.99) 453 0.029
Study design
Cohort 11 2.27(1.52,3.38) 57.4 0.009
Case—control 4 2.59 (2.10, 3.19) 0.0 0.985
Continent
North America 8 2.68 (1.85, 3.89) 40.2 0.111
Others 7 2.13(1.64,2.77) 39.2 0.131
Number of fetuses
Single birth 9 2.81(2.24,3.52) 17.9 0.284
Others® 6 1.82(1.33,2.49) 25.6 0.242
Adjusted for birth weight
Yes 7 1.91 (1.52,2.38) 9.6 0.356
No 8 2.90(2.17,3.89) 352 0.147
Adjusted for gestational age
Yes 8 2.59 (1.84, 3.66) 53.5 0.036
No 7 2.15(1.54,3.01) 40.5 0.121
Adjusted for maternal age
Yes 5 2.33(1.96, 2.76) 0.0 0.408
No 10 2.27(1.42,3.64) 58.3 0.010
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Table 2 (continued)

Fig.3 Forest plot of elective
cesarean section and the risk
of neonatal respiratory distress
syndrome (OR, odds ratio; CI,
confidence interval)

neonatal RDS was 1.67 (95% CI 1.23-2.26; I>’=0.0%,
=0.583) in North America and 1.97 (95%
<0.05) in other

Pheterogeneity

CI 1.25-3.10; *=81.9%,
countries. In subgroup analysis stratified by number
of fetuses, the pooled OR of neonatal RDS was 2.13

@ Springer

Exposure Subgroup No. of studies Pooled OR (95% CI) P (%) Pheterogeneity
Emergency CS All studies 13 1.85 (1.34,2.56) 70.9 0.000

Study design

Cohort 10 1.78 (1.05, 3.02) 75.1 0.000

Case—control 3 1.97 (1.62, 2.40) 14.6 0.310
Continent

North America 6 1.67 (1.23, 2.26) 0.0 0.583

Others 7 1.97 (1.25, 3.10) 81.9 0.000
Number of fetuses

Single birth 8 2.13(1.77,2.57) 0.0 0.673

Others® 5 1.45 (0.59, 3.54) 88.9 0.000
Adjusted for birth weight

Yes 6 1.57 (0.61, 4.01) 84.0 0.000

No 7 1.99 (1.63,2.43) 9.7 0.355
Adjusted for gestational age

Yes 8 2.10(1.52,2.91) 61.9 0.010

No 5 1.60 (0.74, 3.46) 76.8 0.002
Adjusted for maternal age

Yes 5 2.28(1.63,3.18) 68.9 0.012

No 8 1.57 (0.92, 2.70) 58.4 0.018

author year

White E 1985
CuretLB 1988
Luerti M 1993
Dani C 1999

_———

R CR—

——

WinnHN 2001
WinnHN 2001
LevineEM 2001
Zanardo V 2004

Gerten KA 2005 —
Liston FA 2008

Livingston E @010

Badran EF 201 ’
Karlstrom A 2013 —
AltmanM 2013 —
Mortier | 2017 .
Overall (l-squared = 45.3%, p = 0.029) <>

OR (95% Cl)

CS cesarean section, CI confidence interval, OR odds ratio, RDS respiratory distress syndrome

*Not described the number of fetus in studies, twins or include both single and multiple births

Weight%

2.33(1.23, 4.43) 7.60

> 3.77 (1.10, 12.912.91

1.30 (0.80, 2.00) 10.73
1.88 (1.42, 2.48) 14.73

> 3.13 (0.11, 86.72D.46

1.30 (0.50, 3.80) 4.00
~—> 5.85 (2.27, 32.402.56
2.60 (1.30, 2.80) 12.32
1 —>5.39(3.24,8.98)9.73

: > 0.83 (0.25, 5.70) 1.92

» 2.32 (0.95, 5.67) 4.86
> 3.19 (0.08, 131.00)37

2.70 (1.80, 3.90) 12.25
2.57(1.75, 3.77) 12.31

> 1.90 (0.60, 6.00) 3.26

2.38 (1.89, 2.99) 100.00

Pheterogeneity

NOTE: Weights are from random effects gnalysis
T T I T

5

2

1

P heterogeneity

2 5

(95% CI 1.77-2.57; I>=0%,
single birth and 1.45 (95% CI 0.59-3.54; I>=88.9%,
< 0.05) for the others.

Pheterogeneity

=0.673) for
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Fig.4 Forest plot of emergency author year OR (95% CI) Weight%
cesarean section and the risk
of neonatal respiratory distress ;
syndrome (OR, odds ratio; CI, White E 1985 -— s 1.44 (092, 2.25) 11.50
confidence interval) CuretL B 1988 ¢ i 0.69 (0.19, 2.51) 4.42
Luerti 1993 i 0.50 (0.30, 1.10) 9.25
Dani C 1999 I e 346(269 444) 1353
WinnHN 2001 f > 142 (0.26,7.82) 2.91
Winn HN 2001 € E > 2 47 (0.05, 122.35)0.66
Liston F A 2008 —;—0— 208 (1.23,354) 1058
Livingston E G 2010 f > 256 (1.01,6.48) 6.66
Kreitchmann R 2011 — - %318(141,7.16) 765
BadranEF 2012 : > 1.16 (0.25, 5.45) 3.40
Karlstrom A 2013 — = 210 (130, 360) 10.79
Altman M 2013 - . 213 (167,2.72) 1358
Mortier | 2017 : > 290 (0.90, 9.20) 5.09
Overall (I-squared = 70.9%, p = 0.000) <> 1.85(1.34, 2.56) 100.00
NOTE: Weights are from random effects analysis E
2 5 | 2 5
Sources of heterogeneity and sensitivity analysis Table 3 Results of meta-regression
Exposure Covariates Pvalue ¢
Univariate meta-regression analyses with the covariates
of publication year, sample size, continent, study design =~ €S Continent 0.962 0.05
(cohort study or case—control study), study quality, num- Sample size 0.257 1.20
ber of the fetuses, and adjustment (yes or no) for mater- Study design 0.591 0.55
nal age, birthweight, and gestational age were performed Study quality 0.566  -0.59
to explore the sources of heterogeneity. None of these Publication year 0.668 0.44
covariates was found to have a significant impact on the Number of fetuses 0955  -0.06
between-study heterogeneity in the analyses of the asso- Adjusted for birth weight 0.756 -0.32
ciations between CS, emergency CS, and the risk of neo- Adjusted for maternal age 0.441 0.80
natal RDS. However, the results showed that the number Adjusted for gestational age  0.136 161
of fetuses (P =0.042) contributed to heterogeneity in the = Elective CS Continent 0.358 0.95
analysis of the association between elective CS and the Sample size 0.760  -0.31
risk of neonatal RDS. The corresponding P values are Study design 0.625 0.50
shown in Table 3. Study quality 0.552 0.61
We performed leave-one-out sensitivity analysis to fur- Publication year 0.227 1.27
ther investigate potential sources of heterogeneity. In the Number of fetuses 0042  —225
analysis of the association between CS and the risk of neo- Adjusted for birth weight 0065 e
natal RDS, after excluding 4 studies [18, 19, 22, 26], the Adjusted for maternalage 0789 —-0.27
heterogeneity was reduced t0 33.6% (Pyecrogencity = 0-349) Adjusted for gestational age 0479 —0.73
and the result was still significant (OR =1.42, 95% CI ~ Emergency CS  Continent 0.630 0.50
1.25-1.62). In the analysis of the association between Sample size 0.124 1.66
elective CS and the risk of neonatal RDS, the pooled Study design 0.937 0.08
OR of neonatal RDS was 2.29 (95% CI 1.96-2.69; I*=0, Study quality 0.187 141
Pheterogeneity = 0-710) after further excluding 2 stud- Publication year 0.058 1.81
ies [38, 42]. In the analysis of the association between Number of fetuses 0419 —0.84
emergency CS and risk of neonatal RDS, after exclud- Adjusted for maternal age 0339 - 1.00
ing 1 study [44], the heterogeneity was reduced to 0.0% Adjusted for gestational age  0.529  —0.65
Adjusted for birth weight 0.651 0.47

(Pheterogeneity = 0-672) and the result was still significant
(OR=2.00,95% CI 1.69-2.38).

CS cesarean section
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Influence analysis and small-study effect evaluation

Influence analysis indicated that 2 studies [22, 26] had exces-
sive influence on the pooled OR of the association between
CS and the risk of neonatal RDS. After excluding these two
studies, the result was still significant (OR=1.56, 95% CI
1.35-1.81). No individual study had excessive influence on
the pooled OR for the association between elective CS and
the risk of neonatal RDS. Regarding the association between
emergency CS and the risk of neonatal RDS, 1 study [5] had
excessive influence on the pooled OR. After excluding this
single study, the pooled OR of neonatal RDS was 1.69 (95%
CI 1.24-2.30).

Egger’s tests and the funnel plot showed no evidence of a
significant small-study effect in the analyses of associations
of CS (P=0.788; Fig. 5), elective CS (P=0.769; Fig. 6), and
emergency CS (P=0.199; Fig. 7) with the risk of neonatal
RDS.

Discussion
Main findings

Our meta-analysis included 26 studies from 25 available
articles. The results showed that CS, elective CS, and emer-
gency CS were associated with an increased risk of neonatal
RDS. In addition, the associations of CS and elective CS
with the risk of neonatal RDS remained significant in sub-
group analysis by continent, study design, number of fetuses,
and adjustment status of gestational age, birthweight, and
maternal age. In addition, we also found that elective CS
significantly increased the risk of neonatal RDS for full-
term newborn.

Funnel plot with pseudo 95% confidence limits
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Fig. 5 Funnel plot of relative risk (OR) for the analysis of the asso-
ciation between cesarean section and the risk of neonatal respiratory
distress syndrome. Each dot represents a different study
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Fig.6 Funnel plot of relative risk (OR) for the analysis of the asso-
ciation between elective cesarean section and the risk of neonatal res-
piratory distress syndrome. Each dot represents a different study

The potential mechanism underlying the association
between CS and the risk of neonatal RDS is that labor is
associated with catecholamine release [46], and a high con-
centration of catecholamine in newborn infants is conducive
to promoting the absorption of lung fluid and increasing the
release of surfactants [47, 48].

Moderate-to-high heterogeneities were demonstrated
for the associations of CS, elective CS, and emergency
CS with the risk of neonatal RDS. To explore the sources
of between-study heterogeneity, meta-regression analy-
ses with the covariates of publication year, sample size,
continent, study design, study quality assessment score,
number of fetuses, and adjustment (yes or no) for mater-
nal age, birthweight, and gestational age were performed.
However, except number of fetuses (P =0.042) in the
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Fig. 7 Funnel plot of relative risk (OR) for the analysis of the asso-
ciation between emergency cesarean section and the risk of neonatal
respiratory distress syndrome. Each dot represents a different study
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analysis of the association between elective CS and the
risk of neonatal RDS, the other covariates were not found
to contribute to between-study heterogeneity. The results
of our subgroup analysis also found that the number of
fetuses might be the source of heterogeneity in the analy-
ses between elective CS and the risk of neonatal RDS.
In addition, to further investigate the potential sources of
between-study heterogeneity in the analyses of CS, elec-
tive CS, and emergency CS with the risk of neonatal RDS,
leave-one-out sensitivity analyses were performed. In the
analyses of CS, elective CS, and emergency CS with the
risk of neonatal RDS, after excluding 4 studies [18, 19, 22,
26], 2 studies [38, 42], and 1 study [43], the heterogene-
ity was reduced and all the results remained significant.
Considering that heterogeneity still exists, we speculated
that the possible factors leading to heterogeneity might be:
(1) the confounders adjusted for in the included studies
were diverse and (2) the definitions of neonatal RDS in the
included studies were not completely consistent.

Strengths and limitations of the study

There are several strengths in our analysis. First, this is the
first quantitative meta-analysis assessing the associations of
CS (not differentiating between elective CS and emergency
CS), elective CS, and emergency CS with the risk of neo-
natal RDS. Second, the present meta-analysis included a
large number of participants, which was likely to draw a
more reasonable conclusion. Third, almost all studies have
adjusted the potential confounders, such as gestational age,
birth weight or maternal age, and maternal chronic disease
(preeclampsia, diabetes mellitus and chronic hypertension),
improving the credibility of the findings. Fourth, most of
the included studies are cohort studies, which could produce
more convincing results.

However, this meta-analysis also has several limitations.
First, although the major confounders have been adjusted
in the included studies, some potential confounders, such
as birth asphyxia and neonatal infection, might also have
an impact on the observed associations. Second, the high
heterogeneity was found in our meta-analysis. However,
after excluding the studies that have a significant impact on
between-study heterogeneity, the heterogeneity was reduced
and the results did not change substantially. Third, we did
not further analysis the influence of prenatal steroid treat-
ment and the type of elective CS (mother’s requirement
or medical indication) on these observed associations due
to the absence of relevant information. Fourth, our search
excluded non-English or unpublished studies, which might
result in some data being lost. In addition, some included
articles did not have a precise definition of neonatal RDS,
which might lead to misclassification and affect the results.

Conclusions

This meta-analysis suggests that CS, elective CS, and emer-
gency CS were associated with an increased risk of neonatal
RDS and that elective CS might increase the risk of neonatal
RDS even for full-term newborn. Our meta-analysis might
provide constructive guidance for clinicians when making
decisions with respect to mode of delivery of newborn.
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