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Abstract

Women's decision on birth mode should consider its risks and benefits, including long-term risks of
Caesarean section among children. This study aims to present the current available evidences on
the risks of Caesarean towards childhood allergy and how an obstetrician could prevent this
outcome through nutrition and education. We searched articles from several online databases
about the link between Caesarean, childhood allergy, and prenatal intervention. There were
significant risks of childhood asthma and food allergy, but it was still unclear for allergic rhinitis and
atopic dermatitis. Nutritional intervention could be done for pregnant women with consumption
of probiotics and vitamin D supplementation. In addition, prenatal education is necessary to
prepare better childhood outcomes.
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Introduction

There is an increasing number of Caesarean
deliveries throughout the world, including in
Indonesia. In 2018, the rate of Caesarean delivery in
Indonesia was 17.6%,! slightly higher than World
Health Organization (WHO) recommendation rate
which was around 10-15%.? Initially, Caesarean
section (C-section) is performed due to life-
threatening conditions towards mother and/or fetus.
However, in present times, women have options to
request for C-section, not necessarily related to
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medical indications. It is assumed that Caesarean
delivery on maternal request (CDMR) is rising and
contributes to the high rate of C-section. In US, the
CDMR is estimated at 2.5% of all births.> In
Indonesia, there had not been any studies which
estimated the nation-based CDMR rate.
Nevertheless, a study conducted in tertiary hospitals
in Indonesia found that approximately 3.7% were
performed on maternal request.*

The potential health risks of C-section in the
short- and long-term, for mother, child, and
subsequent pregnancies, have been widely
discussed. Women who birth by C-section have
higher  risk  for  post-partum  infection,
thromboembolism, and even death, as short-term
risk.> While in the long run, there are increasing
risks of subfertility, ectopic pregnancy, placenta
previa, placenta accreta, placental abruption, uterine
rupture, and stillbirth, in subsequent pregnancy.®
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Additionally, children born by C-section have
higher risk for asthma, overweight, obesity, and type
1 diabetes.® Nevertheless, C-section is not the only
factor that contributes to child’s allergy. Maternal
factors, such as maternal obesity, gestational weight
gain, maternal allergy, antibiotic use, and type of
food consumption by the child, also modulate the
risk of allergy in offspring.’

These health risks must be effectively delivered
to mothers before deciding on the birth delivery
mode. Prenatal care holds important role in
preparing childbearing women for birth and to teach
them about risks and benefits of C-section.
Obstetricians play a key role in prenatal care, in
giving advice and intervention to prevent
unnecessary childhood outcomes in women
choosing C-section method.

This article is part of Series on Caesarean
Section. We aimed to describe the potential health
risks of C-section on childhood allergy and the role
of obstetrician in preventing this poor outcome by
doing nutrition and education interventions.

Methods

We identified articles through various channels, e.g.
international surveys and reports, national database,
along with articles from electronic search engine.
We searched for the frequency and trends of
childhood allergy among those delivered via C-
section, and also prenatal intervention to prevent it.
Given the possibility of limited data, we include all
type of articles and did not limit the publication year
in our searching.

Results and Discussion

This review is classified into three main topics: 1)
Risks of C-section towards childhood allergy; 2)
Nutritional intervention; and 3) Prenatal education
to prevent childhood allergy in infants born through
C-section.

Risks of C-section on childhood allergy

Allergic disorders affect more than 30% of the
children, and the prevalence of these diseases has
been on the rise in recent years.® Major allergic
diseases include asthma, rhinitis, atopic eczema,

food allergy, and acute urticaria. These allergic
diseases are complex multifactorial disorders,
resulting from the combination of genetic and
environmental factors.” Positive family history is
one of the major risk factors for childhood allergic
disorders. A child with maternal asthma has an odd
risk of 2.26 (95% CI: 1.24-3.73) to develop
childhood asthma, and higher risk (OR: 2.30; 95%
CI: 1.17-4.52) if both parents had asthma.!® Similar
with other allergic diseases, if only father or mother
had atopic dermatitis, the prevalence rate ratio was
1.9 (95% CI:0.3-11.8) and 1.5 (95% CI:0.4-5.5).
The risk would increase to 2.3 (95% CI:0.4-13.7) if
both parents affected.!!

There is a hypothesis that the composition of gut
flora in babies delivered through Caesarean are
different than those through vaginal deliveries.!>!3
This could affect the initial colonizing events in
infant’s  intestine, = which  could prolong
immunological immaturity and potentially increase
the risk of childhood allergic disorders. Caesarean
babies undergo different procedure from babies born
through vaginal deliveries. They are not directly
exposed to maternal flora, therefore there is
reduction of colonization in some bacteria, such as
Bacteroides  fragilis and Bifidobacteria, and
increase in Clostridia and Firmicutes.'?

Colonization rate of Bifidobacterium-like
bacteria and Lactobacillus-like bacteria reached the
rates of vaginally delivered infants at 1 month and
10 days, respectively. Infants born by Caesarean
deliveries were significantly less often colonized
with bacteria of the Bacteroides fragilis group
compared with infants born through vaginal
deliveries.'* At 6 months the rates were 36% and
76%, respectively (p=0.009). The balance between
Bifidobacterium and Clostridium species may affect
immuno-physiological — development, with a
heightened risk for disease associated with fewer
Bifidobacterium and more Clostridium."

Our search found seven articles that discussed
the association between delivery mode and
childhood allergies. Table 1 presented the risk of
developing asthma, allergic rhinitis, atopic
dermatitis, and food allergies among children born
by C-section. The highest risk with significant
association was found in childhood asthma,
followed with food allergy. While the risk for
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allergic rhinitis and atopic dermatitis were still
unclear. The articles searched are listed in Table 1.

Nutritional intervention

Nutrients from mothers are transported to the fetus
across the placenta, including food allergens.?**
There is assumption that maternal diet during
pregnancy could affect fetal immune development.
Intake of relevant dietary supplements, avoidance
specific food allergens, and overall dietary pattern of
pregnant mothers should be carefully considered.
The World Allergy Organization guideline
recommends the use of probiotics in pregnant
women at high risk for allergy in their children.?
However, guidelines from US National Institute of
Allergy and Infectious Disease?® and the European
Society for Pediatric, Gastroenterology,
Hepatology, and Nutrition (ESPHGAN) do not
support this.?” The Australasian Society of Clinical
Immunology and Allergy (ASCIA) recommends the
consumption of oily fish up to 3 serves per week
during pregnancy to prevent eczema.?®

We searched for articles that include any
maternal diet to prevent further eczema or asthma or
allergic diseases in the offspring. Various type of
diet was analyzed to determine the association with
risk of allergy, i.e. prebiotics, probiotics, omega-3-
fatty-acid, vitamin D supplementation, and
avoidance of food allergens. In Table 2, we
presented the effect of food supplement or nutrition
intervention during maternal pregnancy towards the
risk of childhood allergy. Overall, positive
association was found between the use of probiotics
and reduction risk of eczema or atopic dermatitis,
with RR/OR below 1 (protective effect) for all
included studies. Other positive correlation was seen
in the consumption of prebiotic, omega-3-
polyunsaturated-fatty-acid with food sensitization,
fish oil, Mediterranean diet, zinc, vitamin D and E
supplementation with the reduction risk of allergy in
children. No evidence shows vitamin B and C
supplementation, and avoidance of antigenic foods
can reduce risk of allergy in children. Nevertheless,
our review did not provide a thorough assessment on
the specific type and amount of these nutrients.

There are still more rooms to be explored in this
field.

An association between low serum Vitamin D
levels and the development of allergic diseases had
been reported but this may not be causal. Besides
that, in terms of allergic prevention, vitamin D
supplementation may have no role in the primary
prevention of allergic diseases. Moreover, increased
Vitamin D supplementation in pregnant women did
not confer protection against allergic diseases in
their children had been reported by two recent
randomized trials.*> The articles searched can be
seen in Table 2.

Educational intervention

Understanding the risk of Caesarean delivery and its
possible effects upon mother and child is one of the
basic knowledges that pregnant women should
know. There are various non-clinical interventions,
with health education as the core intervention to
reduce birth with C-section.*® Risks and benefits of
Caesarean delivery should be informed before
decision on birth mode is taken. Chen et al noted that
health education provided by Obstetrician could
reduce the risk of elective C-section from 66.8% to
53.7%.%" Numerous studies also found that effective
prenatal education would lead to better preparation
for childbirth, including to reduce unnecessary C-
section.’” Other factors that also need to be taken
into consideration for future review and researcher
are related to the population of working mothers.®
Economic burden of C-section born babies were also
other health related indicator that need to be consider
as points to be further discuss and analyzed in the
future researches and reviews.>*-%

We acknowledge that there are limitations to this
review. The knowledge and competency
development among birth attendants, including
midwives and obstetric gynecologist are points that
need to be thoroughly reviewed in order to get the
full perspective on how medical practitioners could
also plays role in mother’s decision making on
delivery mode. The viewpoints, knowledge update
as well as education retention were mandatory to be
discussed in future research.®!6? The articles were
not identified through a systematic searching
strategy. Useful information and unpublished
studies might have been missed. Nevertheless, we
aim for studies which have best methodology, i.e.
systematic review and meta-analysis. Additionally,
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we did not perform critical appraisal for the included
articles, and thus, we did not know the quality of
these studies.

Conclusion

This review presents the potential risks of C-section
on childhood allergies. Obstetrician holds a key role
in providing information on nutrition and health
education for pregnant mothers. Childhood asthma
and food allergy were found to have positive

Table 1. Risk of Caesarean delivery on childhood allergy

association with C-section delivery mode.
Consumption of probiotics, prebiotic, omega-3-
polyunsaturated-fatty-acid, fish oil, Mediterranean
diet, zinc, vitamin D and E supplementation are
considered to be effective in reducing childhood
allergies. However, further research still need to be
done to understand the complex mechanism of how
C-section could induce childhood allergies, and
more interventions could be explored to prevent
them.

Author Publication Study Design Respondents QOutcome
Year OR/RR (95% CI)

Asthma

Chu S et al'¢ 2017 Cross-sectional 17,571 children 1.63 (1.18-2.24)

Renz-Polster Hetal'” 2005 Retrospective cohort 8,953 children 1.24 (1.01-1.53)

Huang L et al'® 2014 Meta-analysis 26 studies Overall risk: 1.16 (1.14 —1.29)
Elective CS: 1.21 (1.17-1.25)
Emergency CS: 1.23 (1.19-1.26)

Darabi et al'’ 2019 Meta-analysis 37 studies Overall risk: 1.20 (1.15-1.25)
Elective CS: 1.23 (1.20-1.26)
Emergency CS: 1.18 (1.07-1.29)

Bager P et al® 2008 Meta-analysis 26 studies 1.18 (1.05-1.32)

Allergic rhinitis

Chu S et al'¢ 2017 Cross-sectional 17,571 children 1.18 (1.00-1.40)

Loo EXL et al?! 2017 Prospective cohort 1,237 pregnant Infant aged 18 months:

mothers Adjusted OR: 0.8 (0.4-1.4)

Infant aged 36 months:
Adjusted OR: 0.8 (0.5-1.2)
Infant aged 60 months:
Adjusted OR: 0.9 (0.6-1.5)

Bager P et al® 2008 Meta-analysis 26 studies 1.23 (1.12-1.35)

Atopic dermatitis

Renz-Polster Hetal'” 2005 Retrospective cohort 8,953 children 0.94 (0.75-1.19)

Bager P et al?° 2008 Meta-analysis 26 studies 1.03 (0.98-1.09)

Food allergy

Renz-Polster Hetal'” 2005 Retrospective cohort 8,953 children 1.34 (0.54-3.29)

Bager P et al® 2008 Meta-analysis 26 studies 1.32 (1.12-1.55)

Koplin J? 2008 Systematic review 4 studies Increased risk of IgE mediated

sensitization to food allergy in
children born by CS
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Table 2. Effect of maternal diet during pregnancy to reduce allergy risk in children

Author Publication Study Respondents Risk of Risk of Risk of food Risk of
Year design eczema/ asthma/wheeze allergy / allergic
atopic sensitization rhinitis
dermatitis
Probiotics
Garcia-Larsen V. 2018 Meta- 89 trialsand  0.78 (0.68-
etal® analysis 92 0.90)
observational
studies
Zuccotti G et 2015 Meta- 17 studies, 0.78 (0.69-
al’? analysis 4755 0.89)
children
Cuello-Garcia 2015 Meta- 29 studies 0.71 (0.60-  0.94 (0.72-1.23)  1.08(0.73- 0.86
CA et al’! analysis 0.84) 1.59) (0.44-
1.70)
Li L et al*? 2019 Meta- 28 studies 0.67 (0.54-
analysis 0.82)
Zhang Getal®* 2016 Meta- 17 trials, 1.01 (0.66-
analysis 2947 infants 1.55)
Azad MB etal®* 2013 Meta- 20 trials Asthma:
analysis 0.99 (0.81-1.21)
Wheeze: 0.97
(0.87-1.09)
Dang D et al®® 2013 Meta- 14 studies 0.69 (0.62-
analysis 0.78)
Pelucchi C et 2012 Meta- 14 studies 0.79 (0.71-
al’ analysis 0.88)
Prebiotics
Cuello-GarciaC 2017 Meta- 6 studies 0.68 (0.40-  0.37(0.17-0.80)  0.28 (0.08-
etal’! analysis 1.15) 1.00)
Dang D et al®® 2013 Meta- 3 studies 0.80 (0.54-
analysis 1.18)
Omega-3-polyunsaturated fatty acid (fish oil)
Garcia-Larsen V. 2018 Meta- 89 trials and Sensitization
etal® analysis 92 to egg: 0.55
observational (0.40-0.76)
studies Sensitization
to peanut:
0.62 (0.40-
0.96)
Best KP%7 2016 Meta- 10 cohorts 0.53 (0.35- Sensitization
analysis and 5RCTs  0.81) to egg: 0.55
(0.39-0.76)
Sensitization
to any food:
0.59 (0.46-
0.76)
Gunaratne AW3® 2015 Systematic 8 trials Risk of any
review allergy
below 36
months:
0.66 (0.41-
0.98)
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Author Publication Study Respondents Risk of Risk of Risk of food Risk of
Year design eczema/ asthma/wheeze allergy / allergic
atopic sensitization rhinitis
dermatitis
Risk > 36
months:
0.96 (0.84-
1.09)
VahdaniniaM et 2019 Meta- 10 RCTs Sensitization
al® analysis to egg:
0.54 (0.32-
0.90)
Sensitization
to peanut:
0.62 (0.40-
0.96)
Klemens CM et 2011 Meta- 5RCTs 0.35(0.15-0.79)  Sensitization
al¥0 analysis to egg:
0.33 (0.16-
0.70)
Mediterranean Diet
Biagi C et al*! 2019 Systematic 5 cohort Persistent
review studies, 2 wheeze:
Cross- aOR: 0.22
sectional (0.08-0.58)
Atopic wheeze:
aOR: 0.30
(0.10-0.90)
Current wheeze:
OR: 0.71 (0.53-
0.97)
Zhang Y etal*? 2019 Meta- 18 Wheeze < 12
analysis observational months:
studies 0.92 (0.88-0.95)
Asthma:
1.01 (0.94-1.09)
Current wheeze:
0.76 (0.45-1.29)
Nurmatov U et 2011 Meta- 62 studies 0.22 (0.08-0.58)
al® analysis
Vitamin D
Shen SY etal* 2018 Meta- 4 studies Asthma at <5
analysis years:
0.89 (0.77-1.04)
Wheeze:
0.66 (0.53-0.82)
Yepes-Nuiiez JJ 2017 Systematic 1 RCT 0.96 (0.57-  1.12(0.50-2.54) 1.92(0.57- 0.76
etal® review 1.61) 6.50) (0.31-
1.85)
Beckhaus AAet 2015 Meta- 5 cohort 0.58 (0.38-0.88)
al* analysis studies
Li W et al?’ 2019 Meta- 6,068 0.68 (0.55-0.83)
analysis participants
Venter C et al® 2020 Meta- 17 RCTs, 78 0.72 (0.56-0.92)
analysis observational
studies
VahdaniniaM et 2017 Meta- 5 RCTs 0.81 (0.67-0.98)
al® analysis
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Author Publication Study Respondents Risk of Risk of Risk of food Risk of
Year design eczema/ asthma/wheeze allergy / allergic
atopic sensitization rhinitis
dermatitis
Nurmatov U et 2011 Meta- 62 studies 0.56 (0.42-0.73)
al® analysis
Fish consumption
Zhang Getal®® 2017 Meta- 1 RCT, 13 0.88 (0.75-  Wheeze: 0.95
analysis cohort 1.04) 0.94 (0.83-1.07) (0.62-
studies Asthma: 1.45)
0.94 (0.75-1.18)
Song H et al®! 2017 Meta- 15 0.87 (0.75-1.02)
analysis prospective
studies
Avoidance of antigenic foods
Kramer MS et 2012 Systematic 2 trials 1.01 (0.57- 2.22(0.39-
al®? review 1.79) 12.67)
Vitamin E
Wu H et al>? 2018 Meta- 10 studies Asthma:
analysis 0.97 (0.95-1.00)
Wheeze:
0.65 (0.56-0.75)
Beckhaus AAet 2015 Meta- 7 cohort 0.54 (0.41-0.71)
al* analysis studies
Nurmatov U et 2011 Meta- 62 studies 0.68 (0.52-0.88)
al® analysis
Vitamin A
Beckhaus AAet 2015 Meta- 7 studies 0.76 (0.46-  0.97 (0.68-1.37)
al* analysis 1.26)
Vitamin B
Beckhaus AAet 2015 Meta- 4 cohort Folic acid Folic acid (B9)
al* analysis studies (B9): 0.91 (0.49-1.68)
0.91 (0.76-
1.09)
Vitamin B2
0.86 (0.74-
1.01)
Crider KS etal® 2013 Meta- 5 studies Folic acid:
analysis 1.01 (0.78-1.30)
Vitamin C
Beckhaus AAet 2015 Meta- 6 cohort 0.95 (0.69-  0.99 (0.48-2.04)
al’® analysis studies 1.31)
Zinc
Beckhaus AAet 2015 Meta- 6 cohort 0.57 (0.40-0.81)
al* analysis studies
Fruit intake
Seyedrezazadeh 2014 Meta- 2 cohort, 13 Wheeze:
E etal® analysis Cross- 0.81 (0.74-0.88)
sectional Asthma:
0.84 (0.79-0.89)
Vegetable intake
Seyedrezazadeh 2014 Meta- 1 cohort, 10 Wheeze:
Eetal® analysis Cross- 0.89 (0.81-0.98)
sectional Asthma:

0.88 (0.82-0.95)

World.Nutr.Journal | 51



Conflict of Interest

Authors declared no conflict of interest regarding
this article.

Open Access

This article is distributed under the terms of the
Creative Commons Attribution 4.0 International
Licence
(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.

Reference

L.

2.

Agency of Health Research and Development
(Indonesia). Basic Health Research 2018

World Health Organization. WHO Statement on
Caesarean Section Rates. Geneva; 2015

The American College of Obstetricians and
Gynecologists. Cesarean delivery on maternal
request. Committee Opinion No. 761 Year 2019.
Festin MR, Laopaiboon M, Pattanittum P, Ewens
MR, Henderson-Smart DJ, Crowther CA, and The
SEA-ORCHID Study Group. Caesarean section in
four South-East Asian countries: reasons for, rates,
associated care practices and health outcomes. BMC
Pregnancy Childbirth. 2009;9:17.

Mascarello KC, Horta BL, Silveira MF. Maternal
complications and cesarean section without
indication: systematic review and meta-analysis. Rev
Saude Publica. 2017;51:105. doi:10.11606/S1518-
8787.2017051000389

Keag OE, Norman JE, Stock SJ. Long-term risks and
benefits associated with cesarean delivery for
mother, baby, and subsequent pregnancies:
Systematic review and meta-analysis. PLoS Med.
2018;15:€1002494.

Fujimura T, Lum SZC, Nagata Y, Kawamoto S,
Oyoshi MK. Influences of maternal factors over
offspring allergies and the application for food
allergy. Front Immunol. 2019;10:1933.

Chad Z. Allergies in children. Paediatr Child Health.
2001;6:555-66. doi:10.1093/pch/6.8.555

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Holloway JW, Yang IA, Holgate ST. Genetics of
allergic  disease.J Allergy  Clin  Immunol.
2010;125:S81-S94.

Arshad SH, Kurukulaaratchy RJ, Fenn M, Matthews
S. Early life risk factors for current wheeze, asthma,
and bronchial hyperresponsiveness at 10 years of
age. Chest. 2005;127:502-8.

LeeJT, Lam ZC, Lee WT, Kuo LCT, Jayant V, Singh
G, et al. Familial risk of allergic rhinitis and atopic
dermatitis  among  Chinese  families in
Singapore. Ann Acad Med Singapore. 2004;33:71-4.
Salminen S, Gibson GR, McCartney AL, Isolauri E.
Influence of mode of delivery on gut microbiota
composition in seven year old children. Gut. 2004;
53:1388-9.

Bjorksten B. Effects of intestinal microflora and the
environment on the development of asthma and
allergy. Springer Semin Immunopathol. 2004;
25:257-170.

Arboleya S, Suarez M, Fernandez N, Mantecon L,
Solis G, Gueimonde M, de los Reyes-Gavilan C, G:
C-section and the Neonatal Gut Microbiome
Acquisition: Consequences for Future Health. Ann
Nutr Metab. 2018;73(suppl 3):17-23.

Gronlund MM, Lehtonen OP, Eerola E, Kero P.
Fecal microflora in healthy infants born by different
methods of delivery: permanent changes in intestinal
flora after cesarean delivery. J Pediatr Gastroenterol
Nutr. 1999: 28:19-25

Chu S, Zhang Y, Jiang Y, Sun W, Zhu Q, Wang B,
Jiang F, et al. Cesarean section without medical
indication and risks of childhood allergic disorder,
attenuated by breastfeeding. Sci Rep 2017;7: 9762.
Renz-Polster H, David MR, Buist AS, Vollmer WM,
O’Connor E, Frazier EA, et al. Caesarcan section
delivery and the risk of allergic disorders in
childhood. Clin Exp Allergy. 2005;35:1466-72.
Huang L, Chen Q, Zhao Y, Wang W, Fang F, Bao Y.
Is elective cesarean section associated with a higher
risk of asthma? A meta-analysis. Journal of Asthma.
2014;52:16-25.

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. Published 2019 Oct 29.

Bager P, Wohlfahrt J, Westergaard T. Caesarean
delivery and risk of atopy and allergic disesase:
meta-analyses. Clinical & Experimental Allergy
2008;38:634-42.

Loo EXL, Sim JZT, Loy SL, Goh A, Chan YH, Tan
KH, et al. Associations between caesarean delivery
and allergic outcomes: Results from the GUSTO

World.Nutr.Journal | 52



22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

study. Ann Allergy Asthma Immunol.
2017;118(5):636-8.

Koplin J, Allen K, Gurrin L, Osborne N, Tang MLK,
Dharmage S. Is caesarean delivery associated with
sensitization to food allergens and IgE-mediated
food allergy: A systematic review. Pediatric Allergy
and Immunology. 2008;19:682-7.

Harding JE. The nutritional basis of the fetal origins
of adult disease. Int J Epidemiol. 2001;30:15-23
Szepfalusi Z, Loibichler C, Pichler J, Reisenberger
K, Ebner C, Urbanek R. Direct evidence for
transplacental  allergen transfer. Pediatr  Res.
2000;48:404-7.

Fiocchi A, Pawankar R, Cuello-Garcia C, Ahn K, Al-
Hammadi S, et al. World Allergy Organization-
McMaster University Guidelines for Allergic
Disease Prevention (GLAD-P): Probiotics. World
Allergy Organ J. 2015; 8: 4. pmid:25628773

Boyce JA, Assa'ad A, Burks AW, Jones SM,
Sampson HA, Wood RA, et al. Guidelines for the
diagnosis and management of food allergy in the
United States: report of the NIAID-sponsored expert
panel. J Allergy Clin Immunol. 2010; 126: S1-58
Braegger C, Chmielewska A, Decsi T, Kolacek S,
Mihatsch W, Moreno L, et al. Supplementation of
infant formula with probiotics and/or prebiotics: A
systematic review and comment by the ESPGHAN
committee on nutrition. J Pediatr Gastroenterol
Nutr. 2011; 52: 238-250

Australasian Society of Clinical Immunology and
Allergy guidelines for infant feeding and allergy
prevention. 2016. Available from:
https://www.allergy.org.au/images/pcc/ASCIA_Gui
delines_infant feeding and allergy prevention.pdf
Garcia-Larsen V, lerodiakonou D, Jarrold K, Cunha
S, Chivinge J, Robinson Z, et al. Diet during
pregnancy and infancy and risk of allergic or
autoimmune disease: A systematic review and meta-
analysis. PLoS Med. 2018;15:¢1002507. Published
2018 Feb 28. doi:10.1371/journal.pmed.1002507
Zuccotti G, Meneghin F, Aceti A, Barone G,
Callegari ML, Di Mauro A, et al. Probiotics for
prevention of atopic diseases in infants: systematic
review and meta-analysis. Allergy. 2015;70:1356-71.
Cuello-Garcia CA, Brozek JL, Fiocchi A, Agarwal
A, Zhang Y, Schunemann HJ, et al. Probiotics for the
prevention of allergy: A systematic review and meta-
analysis of randomized controlled trials. J Allergy
Clin Immunol. 2015;136:952-61.

Li L, Han Z, Niu X, Zhang G, Jia Y, Zhang S, et al.
Probiotic Supplementation for Prevention of Atopic
Dermatitis in Infants and Children: A Systematic
Review and Meta-analysis. A4m J Clin Dermatol.
2019;20:367-77.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Zhang GQ, Hu HJ, Liu CY, Zhang Q, Shakya S, Li
ZY. Probiotics for Prevention of Atopy and Food
Hypersensitivity in Early Childhood: A PRISMA-
Compliant Systematic Review and Meta-Analysis of
Randomized Controlled Trials. Medicine
(Baltimore). 2016;95:€2562.

Azad MB, Coneys JG, Kozyrskyj AL, Field CJ,
Ramsey CD, Becker AB, et al. Probiotic
supplementation during pregnancy or infancy for the
prevention of asthma and wheeze: systematic review
and meta-analysis. BMJ. 2013;347:f6471.

Dang D, Zhou W, Lun ZJ, Mu X, Wang DX, Wu H.
Meta-analysis of probiotics and/or prebiotics for the
prevention of eczema. J Int Med Res. 2013;41:1426-
1436.

Pelucchi C, Chatenoud L, Turati F, Galeone C, Moja
L, Bach J, et al. Probiotics supplementation during
pregnancy or infancy for the prevention of atopic
dermatitis;: a  meta-analysis.  Epidemiology.
2012;23:402-14.

Karen P Best, Michael Gold, Declan Kennedy, James
Martin, Maria Makrides, Omega-3 long-chain PUFA
intake during pregnancy and allergic disease
outcomes in the offspring: a systematic review and
meta-analysis of observational studies and
randomized controlled trials, Am J Clin Nutr.
2016;103:128-43.

Gunaratne AW, Makrides M, Collins CT. Maternal
prenatal and/or postnatal n-3 long chain
polyunsaturated fatty acids (LCPUFA)
supplementation for preventing allergies in early
childhood. = Cochrane  Database  Syst Rev.
2015;:CDO010085. Published 2015 Jul 22.
Vahdaninia M, Mackenzie H, Dean T, Helps S. -3
LCPUFA supplementation during pregnancy and
risk of allergic outcomes or sensitization in offspring:
A systematic review and meta-analysis. Ann Allergy
Asthma Immunol. 2019;122:302-13.e2.

Klemens CM, Berman DR, Mozurkewich EL. The
effect of perinatal omega-3 fatty acid
supplementation on inflammatory markers and
allergic diseases: a systematic review. BJOG.
2011;118:916-25.

Biagi C, Nunzio MD, Bordoni A, Gori D, Lanari M.
Effect of Adherence to Mediterranean Diet during
Pregnancy on Children's Health: A Systematic
Review. Nutrients. 2019;11:997.

Zhang Y, Lin J, Fu W, Liu S, Gong C, Dai J.
Mediterranean diet during pregnancy and childhood
for asthma in children: A systematic review and
meta-analysis of observational studies. Pediatr
Pulmonol. 2019;54:949-61.

Nurmatov U, Devereux G, Sheikh A. Nutrients and
foods for the primary prevention of asthma and

World.Nutr.Journal | 53



44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

allergy: systematic review and meta-analysis. J
Allergy Clin Immunol. 2011;127.

Shen SY, Xiao WQ, Lu JH, Yuan MY, He JR, Xia
HM, et al. Early life vitamin D status and asthma and
wheeze: a systematic review and meta-
analysis. BMC Pulm Med. 2018;18:120. Published
2018 Jul 20.

Yepes-Nufiez JJ, Brozek JL, Fiocchi A, Pawankar R,
Cuello-Garcia C, Zhang Y, et al. Vitamin D
supplementation in primary allergy prevention:
Systematic review of randomized and non-
randomized studies. Allergy. 2018;73:37-49.
Beckhaus AA, Garcia-Marcos L, Forno E, Pacheco-
Gonzalez RM, Celeddon JC, Castro-Rodriguez JA.
Maternal nutrition during pregnancy and risk of
asthma, wheeze, and atopic diseases during
childhood: a systematic review and meta-analysis.
Allergy. 2015;70:1588-1604.

Li W, Qin Z, Gao J, Jiang Z, Chai Y, Guan L, Ge Y,
et al. Vitamin D supplementation during pregnancy
and the risk of wheezing in offspring: a systematic
review and dose-response meta-analysis. J Asthma.
2019;56:1266-73.

Venter C, Agostoni C, Arshad SH, Ben-Abdallah M,
Du Toit G, Fleischer DM, et al. Dietary factors
during pregnancy and atopic outcomes in childhood:
a systematic review from the European Academy of
Allergy and Clinical Immunology [published online
ahead of print, 2020 Jun 10]. Pediatr Allergy
Immunol. 2020;10.1111/pai.13303.

Vahdaninia M, Mackenzie H, Helps S, Dean T.
Prenatal Intake of Vitamins and Allergic Outcomes
in the Offspring: A Systematic Review and Meta-
Analysis. J Allergy Clin Immunol Pract. 2017;5:771-
8.e5.

Zhang GQ, Liu B, Li J, Luo CQ, Zhang Q, Chen JL,
et al. Fish intake during pregnancy or infancy and
allergic outcomes in children: A systematic review
and meta-analysis. Pediatr Allergy Immunol.
2017;28:152-61.

Song H, Yang L, Jia C. Maternal vitamin D status
during pregnancy and risk of childhood asthma: A
meta-analysis of prospective studies. Mol Nutr Food
Res. 2017;61:10.1002/mnfr.201600657.

Kramer MS, Kakuma R. Maternal dietary antigen
avoidance during pregnancy or lactation, or both, for
preventing or treating atopic disease in the child.
Cochrane Database Syst Rev.
2012;2012:CD000133.

Wu H, Zhang C, Wang Y, Li Y. Does vitamin E
prevent asthma or wheeze in children: A systematic

54.

55.

56.

57.

58.

59.

60.

61.

62.

review and meta-analysis. Paediatr Respir Rev.
2018;27:60-8.

Crider KS, Cordero AM, Qi YP, Mulinare J,
Dowling NF, Berry RJ. Prenatal folic acid and risk of
asthma in children: a systematic review and meta-
analysis. Am J Clin Nutr. 2013;98(5):1272-1281.
doi:10.3945/ajcn.113.065623

Seyedrezazadeh E, Pour Moghaddam M, Ansarin K,
Reza Vafa M, Sharma S, Kolahdooz, F. Fruit and
vegetable intake and risk of wheezing and asthma: a
systematic review and meta-analysis. Nutrition
Reviews. 2014;72:411-28.

World Health Organization. WHO recommendations
non-clinical interventions to reduce unnecessary
caesarean  sections. Geneva: World Health
Organization. 2018. Downloaded from:
https://apps.who.int/iris/bitstream/handle/10665/275
377/9789241550338-eng.pdf

Chen I, Opiyo N, Tavender E, Mortazhejri S, Rader
T, Petkovic J, et al. Non-clinical interventions for
reducing unnecessary caesarean section. Cochrane
Database of Systematic Reviews. 2018;9.

Basrowi RW, Sastroasmoro S, Sulistomo AW,
Bardosono S, Hendarto A, Soemarko DS. Challenges
and Supports of Breastfeeding at Workplace in
Indonesia. Pediatr Gastroenterol Hepatol Nutr.
2018 Oct;21(4):248-56.

Botteman MF, Munasir Z, Sulistomo AW,
Horodniceanu EG, Bhanegaonkar AJ, Ji X, et al.
Economic value of atopic dermatitis prevention via
partially-hydrolyzed whey-based infant formula
(PHF-W) use in high-risk, non-exclusively breastfed,
Indonesian urban infants: results of a cost-
effectiveness model. World Nut J. 2019;2(2):43-55
Petrou S, Khan K. An overview of the health
economic implications of elective caesarean section.
Appl Health Econ Health Policy. 2013;11(6):561-
576. doi:10.1007/s40258-013-0063-8

Bardosono S, Hildayani R, Chandra DN, Basrowi
RW, Wibowo Y. The knowledge retention after
continuing health education among midwives in
Indonesia. Med J Indones [Internet]. 2018Sep.9
[cited 2020Aug.7];27(2):128-33.

Jolien J, Yves J. Cesarean Section in the Delivery
Room: An Exploration of the Viewpoint of
Midwives, Anaesthesiologists, and Obstetricians. J
Pregnancy. 2018;2018:1017572.

World.Nutr.Journal | 54



